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Abstract

Aim: Both spatial working memory deficit and disorganization symptoms have been considered significant components of
schizophrenic impairment which are involved with the dorsolateral prefrontal cortex. In the present study, we investigated the
relationships among spatial working memory, psychiatric symptoms including disorganization symptoms, and social functioning
in schizophrenia.

Methods: Fifty clinically stable patients with schizophrenia and thirty-four healthy controls participated in the study. Patients
were rated with the Brief Psychiatric Rating Scale and the Rehabilitation Evaluation Hall and Baker. The Advanced Trail
Making Test was used to evaluate spatial working memory.

Results: Patients demonstrated significantly reduced spatial working memory compared to that of healthy controls. Spatial
working memory in patients correlated significantly with social functioning such as self-care skills, community skills and speech
disturbance, and with disorganization symptoms. Disorganization symptoms also correlated with these aspects of social
functioning,

Conclusions: We suggest that both spatial working memory deficit and disorganization symptoms, which are impairments
involved with the dorsolateral prefrontal cortex dysfunction, can serve as effective predictors of social functioning.

Key words: cognition, schizophrenia, social adjustment, spatial memory disorder, symptoms
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INTRODUCTION

Working memory is the process of actively holding
information “on-line” in the mind’s eye and manipulating
information in the service of guiding behavior . Daily
activities, such as mentally rehearsing a phone number or
considering altemative perspectives and outcomes, might
depend on working memory.  Affer Goldman-Rakic?
suggested that working memory impairment might underlie
various cogpitive deficits observed in patients with
schizophrenia, a number of studies have identified spatial
working memory (SWM) deficits in schizophrenia.*> The
SWM deficit is present during the acute psychotic stage of the
illness as well as during the remission.® Non-psychotic
first-degree relatives of patients with schizophrenia’ have also
been found to show SWM deficits. These studies suggest that
SWM deficit constitutes an effective phenotypic marker for
schizophrenia.

Recently, several studies have suggested the relationship
between SWM deficit and disorganization symptoms.*’ In
addition, Perstein ef al' reported that the dorsolateral
prefrontal cortex dysfunction was associated with both SWM
and  disorganization ~ symptoms.  Disorganization
symptoms ™2 and specific domains of neurocognition™>"* are
considered to be related to certain aspects of social functioning
in patients with schizophrenia. Evaluation of social
functioning and its related impairments in patients with
schizophrenia is  important to  support their
deinstitutionalization by providing them with appropriate
psychosocial skills training and social welfare services.
However, to the best of our knowledge, no study has
investigated relationship between SWM and social
functioning in patients with schizophrenia.

The purpose of this study is to investigate the relationships
SWM, psychiatric ~ symptoms
disorganization symptoms, and social functioning in patients
with schizophrenia. The subjects were clinically stable
inpatients and were preparing for their social rehabilitation
after their impending hospital discharge.

among including

MATERIALS AND METHODS
Subjects

The subjects participated in this study were 50 patients with
schizophrenia and 34 normal controls. The patients were

hospitalized at a private psychiatric hospital, and all were

diagnosed with schizophrenia according to the criteria in the

Diagnostic and Statistical Manual of Mental Disorders, Fourth

Editon (DSM-IV).® Our diagnostic approach used

information from the Structured Clinical Interview for

DSM-IV'® supplemented by information from family

informants, psychiatrists, and medical records. The patients

were 25 males and 25 females with an average (+ SD) age of
36.7 (+ 11.3) years, education of 12.2 (+ 2.4) years, and illness

duration of 14.1 (+ 10.6) years (mean age of onset, 22.6 6.1~
years). All patients were stabilized with neuroleptic

medication at the time of the testing. The mean dose of
chlorpromazine-equivalent units per day” was 9537 (+

762.2) mg, with 41 patients taking atypical antipsychotic

medications (tisperidone, quetiapine, and olanzapine), and

nine patients typical antipsychotic medications (mostly
haloperidol). Foity-two patients were being treated with

anti-parkinsonian agents. Side effects in the form of

extrapyramidal symptoms were insignificant in all patients.

Every patient was clinically stable and had not undergone a

change in medication for at least the previous two weeks.l

The control group consisted of 12 males and 22 females
with a mean age of 33.5 (+ 10.1) years and education of 13.7
(* 1.8) years. The patient and control groups did not
significantly differ in age distribution (¢ = 1.17, 83 df, p = 247)
or gender (¢’ = 221, 1 df, p = .137), while the patients had a
significantly lower educational level (¢ = 3.09, 83 df, p = .003)
than the healthy controls.

For the patients with schizophrenia, all subtesis of the
Wechsler Adult Intelligence Scale, Revised (WAIS-R)'® were
administered to evaluate Full-Scale IQ. Full-Scale 1Q of
healthy ocontrols was estimated with the foursubtest
(Information, Picture Completion, Similarities, and Digit
Symbol) short form of the WAIS-R.” Estimated Full-Scale

_ IQ of healthy controls was 110.0 (+ 10.7) on average, and the

mean Full-Scale IQ of the patients was 83.1 (x 15.4), with the
latter having a significantly lower 1Q (¢ = 941, 83 df, p
< 001).

Patients and controls were only included in the study if they
had no history of alcohol or other substance dependence,
neurologic disease or other illness or trauma, the pathologic
features of the treatment which could influence their cognitive
performance. Only controls who had never met the DSM-IV



Axis I or I criteria and had no family history of schizophrenia
were included in the study.

The present study was camied out in accordance with
Declaration of Helsinki. All subjects were provided a
complete description of the purpose of the study and gave
written informed consent before study participation. Subjects
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were required to demonstrate an understanding of study

demands, risks, and their rights to withdraw in response to
probe questions before signing consent documents. No
subject refused to participate in the study, and all of them
completed the procedures. Patient anonymity was protected in
all instances.
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Figure 1. Summary of tasks of the Advanced Trail Making Test

(A) In task F of the ATMT, when the subject touches circle number 1 (arrow a), it disappears and the circle number 26 (arrow b) appear in
a different location on the ATMT screen.  Locations of other circles remain the same.  (B) Task R of the ATMT was identical to task F

in that one circle was added in a different location (arrow d) when the target circle had been touched (arrow c) and disappeared. The

difference was that the location of all other circles changed at random when the target circle had been touched.
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Measures
Spatial working memory

In order to evaluate SWM of the subjects with a wide
variety of ages, intelligence and levels of severity of
psychopathology, we used the Advanced Trail Making Test
(ATMT)®? The ATMT is a computerized task modified
from the original Trail Making Test,”? which consists of two
sheets of paper, each with 25 circles containing numbess or
letters. The ATMT was administered on a 15-inch display
monitor (CV515PJ; Totoku Electric, Tokyo, Japan), which
was fitted with a touch-sensitive panel. The display monitor
was connected to a standard laptop personal computer, which
had Advanced Trail Making Test software™ (Soiken, Inc.,
Toyonaka, Japan) installed. All ATMT tasks were performed
on an 18cm square ATMT screen displayed on the monitor.
Subjects were placed in a fixed position at the center of the
ATMT screen, with their eyes approximately 40cm from the
monitor. The calibration procedure involved touching two
reference points on the touch-sensitive panel.

The ATMT consisted of two tasks, task F (Fixed) and task
R (Random). These tasks included only a series of numbered
circles (Figure 1). Each circle was black with a white number,
had a diameter of 1cm.

In task F of the ATMT, circles numbered from 1 to 25 were
first randomly located on the ATMT screen (Figure 1A).
Subjects were required to touch these circles in sequence,
starting with circle number 1. 'When the subject touched the
first target circle, it disappeared and circle number 26
appeared in a different location on the ATMT screen. The
locations of the other circles remained the same. Next,
touching of, for example, circles 2, 3 and 4 resulted in their
disappearance and the addition of circles 27, 28 and 29 on the
ATMT screen, so that the number of circles seen on the screen
always remained 25. In theory, the task could thus be
performed in perpetuity. Subjects could memorize the
locations of other circles while searching for the target circle
(dual task) and shorten their reaction time (RT) of circle
touching,

Task R of the ATMT was identical to task F in that one
circle was added in a different location when the target circle
had been touched and disappeared. The difference was that
the position of all other circles changed at random when the
target circle had been touched (Figure 1B). Since the locations

of the circles changed every time the subject touched the
target circle and every target circle had to be found in a new
amrangement, this task required no memorization. The
performance of task F required visual search and SWM, while
task R required only visual search. The RT for circle touching
could be shortened by SWM in task F whereas SWM had no
effect on the performance of task R.

In order to evaluate SWM used in task E we computed the
SWM utilization rate for task F (SWM-R: %) with the
following procedure. The RT for the touching of any given
circle was measured as the time lag between touching that
target and the previous one. First, we determined the top 5
percent RT for touching circles in task R (RTs) of each
subject, which denoted the minimal RT for visual search of
the target circle. Next, if RT for touching circles in task F was
shorter than RT'sy,, then we assumed that SWM had been used
when the circle was touched. The rate of SWM utilization for
touching circles for task F was computed in percentage terms.

In both task F and R, every set odnsisted of a sequence of
touching circles numbers 1 to 99. Each task was administered
twice for a total of four sets. The order of task administration
was fixed as R-F-F-R. Subjects administered these sets at
intervals of sixty seconds between sets. The locations of the
circles differed for each set.

In task F; if the target circle was near the previous target, the
subject could have found the target by chance, and touched it
as soon as the previous target bad been touched without
necessarily using SWM. We therefore excluded the target
circle from the analysis if the distance from the previous target
circle was less than half the side of the ATMT screen in both
task Fand R. In addition, as circles with a single digit (1 to
9) were easy to find, these circles were also excluded from the
analysis. For each task, approximately 50 percent of all target
circles were included in the analysis.

After the calibration, subjects were instructed to touch the
target circle as rapidly as they could with the index finger of
their dominant (right) hand. Prior to starting the ATMT task, a
practice test of circle touching from 1 to 25 was performed for
both tasks to ensure that all subjects understood the procedure.
Subjects were informed that if they memorize the locations of
other circles while searching for the target circle in task E they
could shorten their RT of circle touching. When subjects were
ready to begin, they touched the ATMT screen showing



“Touch to Start” to initiate a trial.

The following outcome variables of ATMT were
determined. The mean RT for touching circles in task F
(RT-F: milliseconds [ms]) and in task R (RT-R: ms) were
calculated. The SWM utilization rate for task F (SWM-R: %)
was computed with the procedure described above.

Social functioning

Level of social functioning was measured with the
Rehabilitation Evaluation Hall and Baker (REHAB).” For
our study, the REHAB was completed by a trained
psychometrician and ratings were based on behaviors and
events that occurred during the week before the evaluation.
The full scale is divided into two sections, “Deviant
Behavior” and “General Behavior (GB)”, 'We included only
the GB rating, which consists of 15 items plus a 16th that
assesses overall functioning. The score for an item ranges
from O to 9 where 0 denotes the highest level and 9 the lowest
level of functioning. Scores on the items were combined to
yield total scores for five subscales derived from factor
analysis: Social Activity (mixing on ward, mixing off ward,
use of leisure, activity level, amount of speech, initiation of
speech), Speech Disturbance (speech sense, speech clarity),
Speech Skills (amount of speech, initiation of speech),
Self-Care Skills (table manners, washing, dressing, care of
possessions, need for prompting), and Community Skills (use
of money, community facilities), plus a total score for all GB
items, which includes the rating given to the overall
functioning item.

The total for all GB items of the REHAB can be used to
identify patients in a long-stay hospital who might be suitable
for transfer to community services.” Patients with a GB score
of less than 40 (out of a total score of 144) can be expected to
be able to live independently in the community but it is likely
to be quite difficult to deinstitutionalize patients with a GB
score of more than 65. The average score for all GB items for
patients with schizophrenia in our study was 63.18 (= 28.08).

Psychiatric symptoms

Psychiatric symptoms of patients with schizophrenia were
assessed with the 18-item Brief Psychiatric Rating Scale
(BPRS)? The BPRS was scored by an experienced
psychiatrist, who was trained before the start of the study.
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Each item was rated on a 7-point severity scale (1 = symptom
is not present, 7 = symptom is present to an extremely severe
degree). Scores on the items were combined to yield total
soores for five subscales based on a factor-analytic study.”
The items constituting the symptom dimensions were
‘negative’ (emotional withdrawal, motor retardation, and
blunted affect), ‘positive’ (somatic concern, grandiosity,
suspicion, hallucinatory behavior, and unusual thought
contents), ‘disorganization’ (conceptual disorganization,
mannerisms and posturing, and disorientation), ‘belligerence’
(hostility, uncooperativeness, and excitement), and ‘affect’
(anxiety, guilt, tension, and depression).

Procedure and statistical methods

The assessment protocol consisted of two sessions,
conducted in a fixed order. During session one, subjects
completed WAIS-R after completing the diagnostic
assessment and BPRS. During session two, ATMT was
administered to the subjects after they had been assessed with
REHAB. Session two was conducted one week after session
one. Each assessment was conducted by an experienced
examiner. Healthy controls were not subjected to BPRS or
REHAB. Examiners were blind to the results of
measurements assessed by other examiners,

Differences in measured variables between groups were
determined by independent #-test. Correlational analyses using
Pearson’s coefficient were performed to assess the
relationships among the measured variables in patients with
schizophrenia. Unless specified, two-tailed tests were applied
for all the statistical analyses. All results with a p-value of less
than .05 were considered significant.

RESULTS

Means and standard deviations for the social functioning
and the psychiatric symptoms of patients with schizophrenia
are given in Table 1.

Comparison between spatial working memory of
patients with schizophrenia and of healthy
controls

The RT-F and the RT-R were significantly slower (¢ = 8.02,
df =59; p < 001 and ¢ = 8.14, df = 63; p < .001, respectively )
for patients with schizophrenia (4271.87 * 1554.13 ms for
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RTF and 5329.30 + 1545.00 ms for RT-R) than for healthy
controls (2419.74 * 416.76 ms for RI'F and 342154 *
500.12 ms for RT-R). The patients registered a significantly
reduced SWM-R (24.08 + 8.28 %; t = 5.90, df = 83; p< .001)
compared to healthy controls (35.38 + 9.25 %).

Correlations between spatial working memory
and other measured variables in schizophrenia
Correlation coefficients between SWM-R and other
measured variables for schizophrenia are shown in the matrix
in Table 2. The SWM-R proved to be related with the
REHAB subscales, Speech Disturbance, Self-Care Skills,
Community Skills and the Total for all GB items. The
SWM-R showed a negative correlation with BPRS subscales,
disorganization symptoms and the total BPRS score.

Correlations between psychiatric symptoms and
social functioning in schizophrenia

We further analyzed relationships between psychiatric
symptoms and social functioning in patients with
schizophrenia. Correlation coefficients for the subscales of
BPRS and REHAB are shown in the matrix in Table 3.

TABLE 1. Social functioning and psychiatric symptoms of
patients with schizophrenia (n=50)

Mean (SD)
REHAB Total for all GB items 63.18 (28.08)
Social Activity 2842 (10.93)
Speech Disturbance ~ 7.06 (3.10)
Speech Skills 8.64 3.67)
Self-Care Skills 16.40 (12.61)
Community Skills 7.62 (569
BPRS Total Scores 40.86 (7.60)
Negative 7.82 (344
Positive 13.52 (3:36)
Disorganization 5.66 (1L.86)
Belligerence 5.58 (2.00)
Affect 828 2.93)

Negative symptoms correlated significantly with Social
Activity and Speech Skills, while disorganization symptoms
displayed significant correlations with Speech Disturbance,
Self-Care Skills, Community Skills and the Total score for all
GB items. The REHAB subscales did not cormelate
significantly with psychiatric symptoms of BPRS total score,
positive, belligerence and affect symptoms.

Correlation between general intelligence and
other measured variables in schizophrenia

In the case of the patients, we further analyzed relationships
between general intelligence and other measured variables
(SWM, social functioning and psychiatric symptoms).
SWM-R showed significant correlation with three 1Q items
assessed with WAIS-R (r = 0432, df = 98; p = 0.002 for
Full-Scale 1Q, r = 0471, df = 98; p = 0.001 for Verbal IQ and
r = 0368, df = 98; p = 0011 for Performance 1Q).
Disorganization symptoms correlated negatively with Verbal
1Q (r = -0.306, df = 98; p = 0.037). No other significant
relationship was detected between psychiatric symptoms and
the three 1Q items.

TABLE 2. Correlations between Spatial Working Memory
and other measured variables in schizophrenia (n=50, 98 df)

SWM-R

Pearsonr p-value

REHAB Totalforall GBitems -.362 009**
Social Activity 135 351
Speech Disturbance - 370 008**
Speech Skills 265 063
Self-Care Skills -373 008**
Community Skills -.385 006**

BPRS Total Scores - 310 029*
Negative -156 280
Positive -162 260
Disorganization - 367 009**
Belligerence -228 J11
Affect -011 938

**:p< 01, *:p< 05



Table 3. Correlations between Psychiatric symptoms and Social functioning in Schizophrenia’ (n=50, 98 df)

BPRS Negative Disorganization
Pearsonr p-value Pearsonr p-value
REHAB Total for all GB items -243 089 363 009**
Social Activity 343 015% -054 708
Speech Disturbance -211 141 400 004**
Speech Skills 316 025* -194 A77
Self-Care Skills -104 472 412 003**
Community Skills -145 316 424 002**

! The REHAB subscales did not comelate significantly with psychiatric symptoms of BPRS total soore, positive, belligerence and affect symptoms,

DISCUSSION

Patients with schizophrenia demonstrated significantly
greater SWM deficit (assessed as SWM-R) compared to
healthy controls. The SWM correlated with several aspects of
social functioning such as self-care skills, community skills
and speech distutbance, and with disorganization symptoms.
Disorganization symptoms were also related to these aspects
of social functioning. These results suggest that the
dorsolateral prefrontal cortex dysfunction is involved with
effective phenotypic markers for schizophrenia, which relate
to the basic aspects of social functioning.

Since working memory has been hypothesized to be a
temporary store whose contents are continually updated,
scanned and manipulated in response to immediate
information processing demands,' several activities in our
daily life might depend on working memory. However, to the
best of our knowledge, no study has investigated the
relationship between SWM and social functioning in
schizophrenia.

In order to evaluate SWM, we used the ATMT tasks.
Since the ATMT can be accomplished whether the subject
uses memory or not, it differs from the standard SWM task
such as the delayed-response task. However, subjects
reduce their RT for circle touching in task F when they
memorize the location of the next circle while searching for
the target circle (dual task) and, in this regard, SWM as
evaluated by ATMT can be viewed as the equivalent of
memory storage used unconsciously in daily activities. In

*:p< 01, *:p< 05

addition, since the tasks involve simply touching the
numbered circles in order and requires only few instructions,
we oould administer the tasks to subjects with a wide variety
of ages, intelligence and
psychopathology.

Our study identified relations between SWM-R and several
subscales of REHAB (Speech Distwrbance, Self-Care Skills,
Community Skills and the total for all GB items). These
findings indicate that social functioning in terms of speech
disturbance, self-care and community skills requires SWM.
On the other hand, SWM-R did not correlate with the activity
of interpersonal exchange assessed by Social Activity and
Speech Skills. We speculate that these aspects of social
functioning require cognitive functions other than SWM.

The present study found that social functioning was also
related to psychiatric symptoms in schizophrenia. Subscales
of social functioning, such as Speech Disturbance, Self-Care
Skills, Community Skills and the total for all GB items were
associated with disorganization symptoms. All of these
subscales were associated with SWM. On the other hand, the
activity of interpersonal exchange assessed by Social Activity
and Speech Skills correlated with negative symptoms but not

levels of severity of

with disorganization symptoms. No other psychiatric
symptoms were related to social functioning,

Several studies have been devoted to the relationships
between social functioning and psychiatric symptoms, and
most of them reported that social functioning was correlated
with negative symptoms.z‘s’27 Since the adequacy of the
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dichotomous model of positive and negative symptoms of
schizophrenia was questioned, factorial analytic studies have
resulled in models with more than three syndrome
clusters,® and disorganization symptoms were suggested to
predict social functioning.™> Our results support the
findings of past studies that negative symptoms and
disorganization symptoms were associated with social
functioning,

The SWM-R was found to be related to disorganization
symptoms. The SWM deficit in schizophrenia has been
reported to be associated with negative symptoms.”0
However, in another study,” the relation between SWM and
negative symptoms turned out to be inconsistent over time.
During the acute state, SWM deficit and negative symptoms
showed significant correlation, but 4 months later, this was no
longer the case. After the development of tri-syndromic
models, some studies suggested the existence of a relationship
between SWM deficit and disorganization symptoms.* In
addition, Perlstein ef al'® reported that the dorsolateral
prefiontal cortex dysfunction was associated with both
disorganization symptoms and SWM. In our study, the SWM
of clinically stable patients with schizophrenia correlated with
disorganization symptoms but not with other symptoms.
This result supports the findings of past studies conducted
after the development of tri-syndromic models.

We could demonstrate that SWM assessed with ATMT
were related to general intelligence measured with the
WAIS-R. The SWM can be considered basic cognitive
functions necessary for more complex cognitive
measurements. However, the three 1Q items evaluated by
WAIS-R showed no relationship with social functioning in
patients with  schizophrenia. Several studies have
investigated the relationship between social functioning and
cognitive functions using the scaled scores of several subtests
of WAIS-R%3: %33 These sudies generally showed no
significant relationships except that several composite
measures were related to problem solving skills.”® ** The
results of our study are oonmsistent with these studies,
indicating that IQ measurements are relatively ineffective for
predicting social functioning of schizophrenia patients.

CONCLUSIONS

The SWM might predict several basic aspects of social
functioning in schizophrenia, including self-care, community
skills and speech disturbance, and these aspects of social
fimctioning were also related to disorganization symptoms,
Both spatial working memory deficit and disorganization
symptoms have been considered significant components of
schizophrenic impairment which are involved with the
dorsolateral prefrontal cortex. It is clear that further studies are
needed to clarify the relationships among SWM,
disorganization symptoms and social functioning.
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To assess the involvement of serotonin in the symptoms of chronic
fatigue syndrome, we investigated the serotonergic neurotransmit-
ter system of chronic fatigue syndrome patients by the positron
emission tomography (PET). Here we show that the density of ser-
otonin transporters (5-HTTs) in the brain, as determined by using
a radiotracer, ['C](+)McN5652, was significantly reduced in the
rostral subdivision of the anterior cingulate as compared with that

Key words: Anterior cingulate; Chronic fatigue syndrome; Fatigue; Positron emission tomography (PET); Serotonin transporter

in normal volunteers. This subdivision is different from that in the
dorsal anterior cingulate in which binding potential values of indivi-
dual patient showed a weak negative correlation with seif-
reported pain score of the patients. Therefore, an alteration of
serotonergic system in the rostral anterior cingulate plays a key
role in pathophysiology of chronic fatigue syndrome. NeuroReport
15:2571-2574 © 2004 Lippincott Williams & Wilkins.

INTRODUCTION

Chronic fatigue syndrome is a disorder characterized by
profound disabling fatigue that persists for at least 6 months
without relief, being unsatisfied by ordinary rest [1].
Musculoskeletal pain or nonpsychotic depression often
accompanies chronic fatigue syndrome. Although no
effective somatic treatment for chronic fatigue syndrome
has been established yet, selective serotonin reuptake
inhibitors (SSRIs) have often been prescribed and have
- been reported to be effective in non-depressed patients as
“well as or better than in depressed patients though this
effect was not confirmed when one of SSRIs, fluoxetine, was
tried [2]. Our recent treatment study with fluvoxamine
demonstrated the improvement in 36% of patients [3].
Serotonergic abnormalities have also been reported from
endocrinological studies that showed a high sensitivity of
serotonin (5-HT) neurotransmission in chronic fatigue syn-
drome patients [4,5]. In addition, a study on polymorphism
of the promoter region of the 5-HT transporter (5-HTT) gene
revealed a difference in genotype distribution between
chronjc fatigue syndrome patients and controls [6]. The role
of the serotonergic system in chronic pain has been high-
lighted [7], especially, in the patients with fibromyalgia, a
disease closely related to chronic fatigue syndrome in which
pain is more centered than in chronic fatigue syndrome.

A PET study with ['®F]-FDG PET reported that chronic
fatigue syndrome patients showed a significant hypometa-
bolism in right mediofrontal cortex and brain stem in
comparison with the healthy controls [8]. Siessmeier et al. [9]
also demonstrated by PET that 12 of 26 patients examined

showed hypometabolism bilaterally in the cingulate gyrus
and the adjacent mesial cortical areas. Our previous PET
studies on patients showed that hypoperfusion and
decrease in uptake of the acetyl moiety of acetyl-L-carnitine
as measured with [2-''Clacetyl-L-carnitine (an indicator of
glutamate biosynthesis) occurred in several regions of the
brains of the patient group, namely, in the prefrontal
(Brodmann’s area 9/46d) and temporal (Brodmann's area
21 and 41) cortices, anterior cingulate (Brodmann's area 24
and 33), and cerebellum [10].

These lines of evidence led us to investigate the 5-HT
neurotransmission in the brain of chronic fatigue syndrome
patients. Here, we measured the density of 5-HTTs by using
PET with ["'C}(+)McN5652, which binds specifically to the
5-HTT molecule and is widely used to study 5-HTTs in the
brains of Ecstasy abusers [11] and patients with obsessive-
compulsive disorder [12].

MATERIALS AND METHODS

Subjects: Ten patients with chronic fatigue syndrome (six
women and four men, 35.7+8.0 years old) determined by
the clinical diagnostic criteria [1] and 10 age-matched
healthy controls (five women and five men, 36.9+10.1
years old) participated in this study. Patients with a major
depressive disorder determined by diagnostic and statistical
manual (DSM-IV) of mental disorders and taking drugs
affecting 5-HT neurons within 1month before the start of
the study were excluded. Eight of the patients were naive
for SSRIs; and the other two, who had been prescribed

0959-4965 © Lippincott Williams & Wilkins

Vol I5 No {7 3 December2004 2571



NEUROREPORT

S.YAMAMOTO ETAL.

paroxetine, had not been medicated within 1 month before
the experimental day. The study was approved by the Ethics
Committee of Hamamatsu Medical Center. All participants
agreed to the present study with their written informed
consent. Patients filled out a questionnaire about their extent
of fatigue [expressed by the visual analogue scale}, pain
scales of headache, sore throat, myalgia, and arthralgia (pain
scale: 0, none; 1, mild; 2, moderate; and 3, severe), attention
score calculated by thinking difficulty, inability to concen-
tration, impairment in memory, and absence of alertness
(each scale: 0, none; 1, mild; 2, moderate; and 3, severe), and
duration of disease. The total sum of the pain scale values
and attention scores with four items was used as the pain
and attention score for each group, respectively. Depression
scale was assessed using the 17-item Hamilton Depression
Rating Scale (HDRS-17) [13].

MRI and PET experiments: MRI acquired by a 0.3 T scanner
(MRP7000AD, Hitachi, Tokyo, Japan) of each subject re-
vealed no apparent morphological abnormalities. The spe-
cific radioactivity ranged from 46.6 to 88.2 GBq/umol. After a
bolus injection of [''CI(+)McN5652 (390.7+71.9MBq), PET
scan was performed with a duration of 92 min (4 x 30s, 20 x
1min, and 14 x 5min), using a SHR12000 (Hamamatsu
Photonics KK, Hamamatsu, Japan) scanner in 3D.

PET data analysis: We generated parametric images of the
binding potential (BP) by a simplified reference tissue
model based on pixel-wise kinetic modelling [14] using a
time-activity curve of bilateral white matter as an input
function. We normalized the images spatially within the
standard Montreal Neurological Institute (MNI) brain space
by using SPM99. The resultant images were smoothed using
a Gaussian filter of 8.0mm FWHM. We performed two-
tailed f-tests between patients and controls, and conducted
correlation analysis between the BP value and the clinical
symptomatic scores of the patients. We gave the threshold of
significance as voxels that had the peak height corrected,
p<0.05 for the two-tailed t-tests. For the correlation analysis,
we also searched the brain regions which shows tendency of
significance by a threshold of p<0.001.

RESULTS
As shown in Table 1, fatigue scores, as indexed by visual
analogue scale, were in a narrow range both in patients and
controls (7.3+1.6 vs 2.7 +1.0, respectively). In contrast, the
pain scores for the chronic fatigue syndrome group were
scattered (from 2 to 11, 5.8+ 3.0), and those for the controls
were almost 0 or 1 (0.3+0.5). The attention score showing
less attentive feature was 6.7 +1.7 and 2.54 2.5 in the patients
and controls, respectively. Fatigue, pain, and attention scores
were significantly higher for the chronic fatigue syndrome
patients than for the controls (p<0.0001, p<0.0005, and
p <0.0005, respectively). The depression score (HDRS-17) was
ranged from 5 to 22 in the patient group (11.5+5.3). Although
the score was rather high in chronic fatigue syndrome
patients, the main source of higher scores was derived mostly
from higher scores on work and activities, and the somatic
items such as somatic symptoms general, anxiety somatic,
and hypochondriasis (date not shown). However, there were
no significant correlation among visual analogue scale and
other three clinical scores (pain, attention, and depression).
The PET results of the two-tailed f-test showed a
significant reduction of the BP in the rostral subdivision of
anterior cingulate (BA24/32) in chronic fatigue syndrome
patients (Fig. 1la—c). The BP in the rostral anterior cingulate
was decreased by 26.5% in the chronic fatigue syndrome
patients, with its mean values for controls and patients
being 0.82+0.04 and 0.61+0.08, respectively (Fig. 1d).
Correlation analysis using various clinical scores in
chronic fatigue syndrome patients showed that no correla-
tion was significant at the corrected level of p<0.05. If the
tendency was followed by lowering the statistical threshold
to uncorrected p<0.001, pain score showed a negative
correlation with the BP in anterior cingulate (Fig. 2a,c) and
other areas related to pain sensation, including cuneus/
precuneus (BA18, Z=4.8), orbitofrontal cortex (BA11/47,
Z=3.76), posterior cingulate (BA31, Z=3.64), and insular
cortex, Z=3.32; Fig. 2a,b). The locus in the anterior cingulate
was however in the dorsal subdivision (Fig. 2a,b), an
apparently different region from the rostral subdivision.
All the other scores and values of clinical symptoms such as
depression, attention, and duration of disease showed no

Table l. Summary of demographic data in 10 patients with chronic fatigue syndrome (CFS) and normal controls.
Group Patient no. Age  Sex EP DD  Comorbidity Antidepressant ~ HDRS-17  VAS  Attention score’  Pain score®
CFS I 45 M 18 6 (ep] - 5 6.l 8 3
2 46 M 16 5  None +! 17 78 8 8
3 30 M 12 3 None - 7 96 7 3
4 27 M 6 . 3 None - 13 6.4 6 5
5 46 F 16 15 usd - 9 64 8 10
6 27 F 16 8 usd - 14 9 3 4
7 37 F 14 0.5  None - 9 4.8 5 2
8 27 F 12 3 usd +! 22 5.6 8 Il
9 39 F 16 Il None - 3 78 8 6
10 33 F 18 4 None - 6 9l 6 6
Mean 357 154 69 1.5 73 6.7 58
SD 8 2.1 4.8 53 L6 1.7 3
Normal Mean 369 5M 15.6 27 25 0.3
SD 10.1 SF 2.1 | 25 0.5

EP, education period (years); DD, disease duration (years); HDRS-17, the |7-item hamilton depression rating scale; VAS, visual analogue scale; CD, conversion

disorder; usd, undifferentiated somatoform disorder.

'Patient no.2 was medicated by SSRls, fluvoxamine and paroxetine for [2 months and I5 months, respectively. Patient no. 8 was medicated by paroxetine for I3

months.

2Thinking difficulty, inability to concentrate, impairment in memory, and absence of alertness scales (0, none; |, mild; 2, moderate; and 3, severe) were

summed up as the attention score.

3Headache, sore throat, myalgia, and arthralgia scales (0, none; 1, mild; 2, moderate; and 3, severe) were summed up as the pain score.
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Fig. . The region showing a significant reduction in the BP of 5-HTT in
chronic fatigue syndrome patients. (@) Sagittal and (b) horizontal views of
statistical parametric maps superimposed on a normalized brain MRI. BP
of the rostral subdivision of anterior cingulate (BA24/32) was significantly
reduced (corrected p=0.008, Z=4.95) in chronic fatigue syndrome pa-
tients. The cluster consisted of 39 voxels extending from the MNI brain
space coordinates (x —2, y 46, z 2). (c) The coordinates of the cluster ob-
served in the present study (green circle) is compared with those of pre-
vious PET studies demonstrating a reduction in the rCBF shown by blue
circles [l0], regional standard uptake value of [2-”C]acetyl—L-carnitine
shown by purple circles [10], and regional glucose metabolism shown by a
yellow circle [9]. (d) Plots of BP in the rostral anterior cingulate of con-
trols and chronic fatigue syndrome patients.

significant correlation at any brain regions including
anterior cingulate, even under lowered statistical threshold.

DISCUSSION

Alteration of 5-HTT density occurred selectively in the
rostral subdivision of anterior cingulate in patients with
chronic fatigue syndrome. Previous histological examina-
tion showed dense serotonergic projections from the dorsal
raphe nucleus to the anterior cingulate [15]. Lower than
normal 5-HTT density was also detected by single-photon
emission-computed tomography (SPECT) in the brain of
patients with major depression [16] and in postmortem
studies [17,18], mostly related to the suicide; but the affected
regions were dominantly the prefrontal cortex and midbrain
including the dorsal raphe nucleus. The reduction of 5-HTT
specifically in the discrete region of anterior cingulate
might be linked to the pathophysiology of non-depressed
chronic fatigue syndrome patients in this study.

BP (k3/k4) of ["'Cl(+)McN5652 calculated by compart-
ment model is considered to be related with the B,,./Ky to
the 5-HTT molecule. Therefore, reduction of BP observed in
the anterior cingulate might be associated with decrement of
density of 5-HTT and/or affinity. A possible interpretation
of the data is that the reduction in BP is due to the increase
in 5-HT in the synaptic cleft, as shown in the case of
["'Clraclopride for increase in endogenous dopamine
release [19]. In a study of Ecstasy abusers, McCann et al.
[11] reported the reduction of density of 5-HTT in the nerve
terminals. The other interpretation is the degeneration of the
nerve terminals themselves. To solve this question, the PET
study using [''CI5-HTP in chronic fatigue syndrome
patients is currently under progress in our laboratory.

Concerning expression of 5-HTT in diseases, even in the
case of major depressive disorder, the results from the PET

2 -
0246181012
Pain score

Fig. 2. The region showing a negative correlation between the BP of 5-
HTTand the pain score. (@) Sagittal view of statistical parametric maps
superimposed on a normalized brain MRI, and (b) sagittal view of stan-
dard SPM-glass brain. BP in the dorsal subdivision of anterior cingulate
(BA24) was negatively correlated (uncorrected p <0.000l, Z=4.71) with
the pain score. The cluster consisted of 1058 voxels extending from the
MNI brain space coordinates (x 4, y 16, z 42). (a) Dorsal anterior cingulate
(BA24/32); (b) posterior cingulate cortex (BA3l); (c) cuneus/precuneus
(BAI8). (c) Scatter plots showing the negative correlation between the
BP and the pain score in the dorsal anterior cingulate.

imaging studies and those from the biochemical studies on
postmortem brain tissues from patients [20], mostly suicidal
ones, are still controversial. Recently, our colleagues [6] found
a difference between chronic fatigue syndrome patients and
controls in the distribution of polymorphism of the 5-HTT
gene promoter. Association between polymorphism of the 5-
HTT gene promoter and the expression of 5-HTT protein in
the brain is unclear yet [21]. It is of very importance to further
study on the association between genotype and phenotype in
chronic fatigue syndrome patients.

The anterior cingulate consists of functionally heteroge-
neous regions, and the rostral subdivision is thought to be
involved in the processing of emotional information [22].
The rostral anterior cingulate, in which BP values of 5-HTT
were significantly reduced in chronic fatigue syndrome
patients, is distinct from the dorsal anterior cingulate
associated with the cognitive information processing. Co-
morbidities of chronic fatigue syndrome which are closely
related to emotional aspects might be associated with the
loss of modulatory function of 5-HT released possibly from
5-HT nerve-terminals in the rostral subdivision. The locus in
the dorsal subdivision that was not significantly but by
lower threshold correlated negatively with the pain score of
chronic fatigue syndrome patients is close to the locus of
pain processing found in the previous PET studies [23,24].
Concerning other brain regions, although none of the brain
regions reached to the statistically significant level at p<0.05
(corrected), most of the regions negatively correlated with
the pain score at lower threshold (p <0.001, uncorrected; Fig.
2) were consistent with those which were suggested to be
involved in several aspects of pain information processing
by recent fMRI and PET experiments [24], indicating the role
of 5-HT neurotransmission of these regions in pain-related
features of chronic fatigue syndrome patients. Therefore,
reduced 5-HTT in the rostral anterior cingulate of the chronic
fatigue syndrome patients might be related to the pathogen-
esis of the disease, not to the non-specific symptom of pain,
although we should be careful about the discrimination of
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chronic fatigue syndrome patients from the patients who are
suffering mostly with stronger pain, fibromyalgia.

Figure 1c shows loci of anterior cingulate observed in this
study and previous PET studies on chronic fatigue syn-
drome. These loci associated with chronic fatigue syndrome
totally converged in the anterior cingulate. Apart from the
dorsal subdivision, the hypoactivity, hypometabolism, and
dysfunction of 5-HT neurotransmission concomitantly oc-
curred in the rostral subdivision. Therefore, these findings
strongly suggest that an abnormality of 5-HT neurotrans-
mission, especially the reduction in the density of presy-
naptic terminals of the serotonergic system in the projection
area of the anterior cingulate, might be closely associated
with the pathophysiology of chronic fatigue syndrome.

Although regional cerebral blood flow (rCBF) of chronic
fatigue syndrome patients was not measured in the present
study, the decreased BP value of 5-HTT may be partly
affected by the hypoperfusion in anterior cingulate reported
in the previous PET study [10]. However, decreases in rCBF
were also significant in several regions such as middle
occipital gyrus, putamen, insula, and so on, while a
significant decrease in BP value of 5-HTT in the present
study was only observed in the rostral part of anterior
cingulate. Therefore, the decrease in BP value might be more
likely due to the decrease in density and/or affinity of 5-HTT.

As described in the Introduction, the results of clinical
treatment of chronic fatigue syndrome patients with SSRIs
are still controversial. Several detrimental effects, such as
nausea, headache, and nervousness often disturb and mask
the beneficial effects of SSRIs at the beginning of a clinical
trial. In addition, increment of risk of suicide by use of SSRIs
has been issued recently as a considerable public warning,
especially in teenager patients. Therefore, quantitative PET
imaging analysis for measuring the brain 5-HTT density
with a specific radiotracer, such as ["'CIMcN5652 used in
this study, is feasible for both judging and monitoring the
medication of individual chronic fatigue syndrome patients.

CONCLUSION

The density of 5-HTTs was significantly reduced in the
rostral subdivision of anterior cingulate in chronic fatigue
syndrome patients. An alteration of the 5-HTergic system in
the rostral anterior cingulate plays a key role in pathophy-
siology of the chronic fatigue syndrome.
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