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Abstract. Patients with mild cognitive impairment (MCI) convert to Alzheimer’s disease (AD) at
approximately 12% per year (Petersen et al.). The prediction of conversion from MCI to AD by early
markers of AD is taken into consideration. PET/SPECT is expected as a most promising marker.
Therefore the presentation of scientific evidence based on a high-level clinical trial is pressing need.
In Japan, Japan Cooperative SPECT Study on Assessment of Mild Impairment of Cognitive
Function (J-COSMIC) was started as an assignment study of the Japan Foundation for Aging and
Health in 2003. This research is aimed at clarifying the role of brain perfusion SPECT in early
diagnosis of AD in the MCI stage. Currently 41 institutions participate in this study, and more than
300 MCI cases have been registered. In order to confirm the conversion from MCI to AD, the
follow-up survey for 3 years after the first time evaluation will be performed, and then the diagnostic
ability of the SPECT will be calculated. Furthermore a multicenter study on early diagnosis of AD
with FDG-PET in Japan (SEAD-Japan) is also due to be started from this year to establish the
scientific evidence of early diagnosis of AD with FDG-PET. © 2006 Elsevier B.V. All rights
reserved.
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1. Introduction

The essential treatment for Alzheimer’s disease (AD) has not been established yet.
However, it is possible to delay progression of symptoms by effective enforcement of
medicine and nonmedicine treatment based on early diagnosis of AD. In addition, it is
highly expected to develop new treatments such as vaccine therapy and secretase
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inhibitors adding to the acetylcholineesterase inhibitor that is only available in Japan.
Since pathological changes such as senile plaque arise more than 10 years before the
manifestation in AD, early diagnosis with a sophisticated method is required for early
intervention.

Mild cognitive impairment (MCI) refers to the clinical state of cognition and functional
ability that is intermediate between normal aging and mild dementia.

Once effective treatments for AD emerge, it will be very important to distinguish the
patients who convert to AD from those in whom mild cognitive deficits will remain stable
over time at the earliest stage possible.

However, there is no established diagnostic method. PET/SPECT is expected as a most
promising marker, and the presentation of scientific evidence based on a high-level clinical
trial is pressing need.

2. MCI and early diagnosis of Alzheimer’s disease
2.1. The concept of MCI

The European researchers understood cognitive impairment in the aged as the extension
of normal aging, and called it age-associated memory impairment (AAMI).

On' the other hand, the researchers in US considered the pathological condition that
differs from normal aging and converts to dementia, and they proposed the concept of MCL.

The definition of MCI is improved repeatedly. The international symposium on MCI
was held in Stockholm 2003, and general criteria for MCI was specified. Previously
defined multiple cognitive domains slightly impaired type was divided by the existence of
dysmnesia and MCI was classified into the four subtypes as follows: (1) Amnestic MCI,
(2) Multiple domain MCI amnestic, (3) Multiple domain MCI nonamnestic and (4) Single
nonmemory MCI [1]. The proportion of patients with MCI progressing to dementia is
higher than healthy elderly people. Patients with MCI convert to AD at approximately
12% per year [2], although the rate of the onset of AD in healthy elderly people is 1-2%
per year.

2.2. Neuroimaging in early diagnosis of AD

Neuroimaging research has suggested that PET/SPECT or MRI may serve as a more
sensitive and consistent measure of disease progression than the neuropsychological and
cognitive assessments now typically used in research. It is believed that the atrophy of
hippocampus on MRI and hypo-metabolism/perfusion in the posterior cingulate on PET/
SPECT are closely related each other through the neural circuit (Fig. 1).

Comprehensive effort is helpful to identify neuroimaging and other biomarkers of the
cognitive changes associated with MCL

3. Clinical trials in Japan

3.1. J-COSMIC

Brain perfusion SPECT is useful for early diagnosis of AD as well as PET. Since
SPECT is used widely in Japan, it is practical to carry out a large-scale clinical trial for
early diagnosis of AD with SPECT.
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Fig. 1. Candidates of biomarker for early diagnosis of AD.

Japan Cooperative SPECT Study on Assessment of Mild Impairment of Cognitive
Function (J-COSMIC); Principal investigator: Professor Yoshiharu Yonekura, started in
2003. The Japan Foundation for Aging and Health sponsors this study.

The goal of this study is to examine how brain perfusion SPECT can be used with other
tests to predict the conversion from MCI to AD. This study is a multicenter prospective
cohort study. Further study details are as follows: (1) Prospective registration of
approximately 500 patients with MCI, (2) All patients undergo baseline brain perfusion
SPECT and clinical/cognitive assessments, (3) All patients will undergo clinical/cognitive
assessments every year, (4) Patients with MCI will be followed for 3 years, and (5)
Calculation of the diagnostic ability of baseline SPECT will be done to predict the
conversion from MCI to AD after 3 years (Fig. 2).

Currently, 41 institutions participate in J-COSMIC, and a total of 319 cases have
been registered. The first year follow-up has been finished in 73 cases, and among
them 8 cases have already converted to AD. The conversion rate is about 11% per
year. Since it is a longitudinal study, the final result will come out after 3 years’
clinical follow-up. .
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Fig. 3. Comparison between PET and SPECT. Middle and lower columns show Z-maps of 3D-SSP in same
patient with AD.

3.2. PET clinical trials

Some groups reported comparing PET with SPECT, PET was more sensitive and
specific to diagnose early AD [3,4] (Fig. 3). _

In 2004, the Centers for Medicare and Medicaid Services (CMS) approved the use of
FDG-PET in the differential diagnosis between AD and fronto-temporal dementia (FTD)
in the limited clinical conditions [5]. However, CMS announced that the evidence is not
adequate to conclude that FDG-PET is reasonable and necessary for the diagnosis of
patients with MCI or early dementia and CMS intended to work with the National Institute
on Aging (NIA) and others to develop a large practical clinical trial to address these
questions.

Recently, a large practical clinical trial, Alzheimer’s Disease Neuroimaging Initiative
(ADNI) has been in progress to address these issues [6].

On the other hand, in Japan, a new multicenter prospective cohort study, Study on
Diagnosis of early Alzheimer’s disease-Japan (SEAD-Japan), has been prepared to address
the usefulness of FDG-PET in early diagnosis of AD (Fig. 4). This study is supported by
the fund of Comprehensive research of Aging and Health from the Ministry of Health,
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Labour and Welfare. The goal of this study is to examine how FDG-PET can be used with
other tests to predict the conversion from MCI to AD.

4, Conclusion

In Japan, two clinical trials on early diagnosis of AD, J-COSMIC and SEAD-Japan, are
in progress and in preparation, respectively. Based on these clinical trials presentation of
the scientific evidence on early diagnosis of AD with PET/SPECT is highly expected.
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fmpaired social cognition in schizophrenia is considered as the core
contributor in the poor psychosocial functioning of schizophrenic
patients, In this study, in order to better understand the neurobiological
processes underlying social dysfunetion in schizophrenia, we investi-
¢ated regional structural brain abpormalities and emotion-attribution
abilities in these patients. Twenty schizophrenic patients and 20 group-
matched healthy comparison participants underwent magnetic reso-
nance imaging (MRI) and were examined for emotion-attribution
ahilitics by using the Perception of Affect Task (PAT). Vosel-based
morphometry (VBM) was applied fo investigate regional brain
structural alterations. Relative to the healthy participants, the schizo-
phrenic patients exhibited reduced gray matter concentrations in the left
superior temporal gyrus, the medial prefrontal cortex (MPF(C), right
anterior cingulate gyvrus, bilateral ventrolateral prefrontal cortex, and
right insula. The schizophrenic patients performed poorly on emotion-
attribution tasks. Importantly, poor performance on emotion attribu-
tion to protagonists in social situations was found to be associated with
reductions in gray matter in the MPFC of the patient group. This
preliminary result suggests that in schizophrenia, difficulties in under-
standing the emotional experiences of others are possible manifestations
of structural abnormalities in the MPFC. This study provides the
neurobiological correlates of social dysfunction in schizophrenia and
links structural abnormalities with impaired social cognitive abilities.
© 2006 Elsevier Inc. All rights reserved.

Kevwords: Schizophrenia: Social cognition: Emotion attribution: VBM:
Frontal lobe

Introduction

Schizophrenia is a psychiatric disorder associated with poor
social functioning. The highlights of its core symptomatology
include diminished social or emotional reciprocity and failure to

* Corresponding author. Fax; 81 75 751 3246,
E-muil adidress: yamadaiakuhp kyoto-uaacjp (M. Yamada).
Available online on ScienceDirect (www.sciencedirect.com).
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construct appropriate relationships. Recent studies have focused on
facial emotion processing abilities in schizophrenia because of the
importance of faces as a medium of social communication among
humans (Darwin. 1872). These studies demonstrate that schizophrenic
paitients show impaired recognition of negative factal expressions
{Mandal et al.. 1998). In addition to the critical role of emotion
processing, mentalizing abilities. often referred to as the theory of
mind (ToM: Premack and Woodrult, 197R8). are equal constituents of
the important aspects of human social interactions. ToM abilities have
been widely investigated in individuals with schizophrenia. These
studies indicate that such individuals arc not adept at understanding
the beliefs or intentions of other individuals (Brune. 20035).
Numerous neuroimaging and neuropsychological studies have
found evidence that the amygdala and the orbitofrontal cortex
make important contributions to facial expression processing
(Adolphs et al.. 1994: Hornak et al., 1996) and the medial and
orbital frontal cortex. to ToM-related tasks (Baron-Cohen et al..
1994: Fletcher et al., 1995: Gallagher ot al.. 2000: Vogelev ¢f al.
2001). These brain regions and the bank of the superior temporal
sulcus constitute the “social brain™ proposed by Brothers (1990,
and both intact facial emotion processing and good mentalizing
abilities are required for successful social interaction. Therefore.
the point at which neuroimaging and neuropsychological studies
converge with the recent findings of schizophrenia studies is the
possible functional or structural disruption of the neural mechan-
isms underlying the social cognitive abilities in schizophrenia.
Meanwhile. brain volume studies have begun to show regional
volume alterations in individuals with schizophrenia. Dispropor-
tionate reduction in the gray matter in the frontal and temporal
fobes is the main consensus obtained from these studies (Shenton
et al.. 2001). These regional volume alterations have been found to
be related to psychopathology such as positive and negative
symptoms (Gur et al.. 2000: Sanfilipo et al.. 2000} and also to
various cognitive deficits such as executive function, attention. and
memory (Antonova et al.. 2004). Although several other structures.
such as corpus callosum. cerebellum, or thalamus, have also been
reporied to be altered in schizophrenia (Shenton et al.. 2001). the
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frontal and temporal lobes are key regions involved in social
cognition and could also contribute to some of social deficits
observed in schizophrenia.

To date. social cognitive abilities and structural brain alterations
in individuals with schizophrenia have not been directly compared,
although rescarchers have begun to realize the importance of
understanding the neural basis of social cognitive deficits in
delincating social impairments in schizophrenia (Pinkham et al.
2003). In this study. we employed voxel-based morphometry
(VBM: Ashburner and Friston. 2000) to investigate regional gray
matier abnormality and examined its relationship with emotion-
attribution abilities in schizophrenic patients. We applied the lasks
that require attributing emotions to facial expressions (i.e.. emotion
expression recognition), which have been often used in schizo-
phrenia research (e.g.. Edwards et al.. 2002). Further. we applied
tasks that require atiributing emotions to protagonists in social
situations. The latter task examines the ability to recognize the
emotional experiences of others within a social context, which
would recruit a broader range of social cognitive factors. including
perspective taking or empathy. Thus. investigating emotion
recognition with a test battery, involving various types of social
components. should help in improving our understanding of social
cognitive deficits i individuals with schizophrenia.

It was predicted that: 1) brain abnormalities in schizophrenia
detected by VBM would be the arcas underpinning social behavior.
as well as the regions reported by previous anatomical studies; 2)
patients with schizophrenia would present specitic social cognitive
deficits in the emotion attribution tasks: 3} in the event that the two
abovermnentioned hypotheses are true. we should observe the
specific association between abnormalities of social brain struc-
tures and social cognitive deficits in schizophrenia.

Method
Participants

The schizophrenia group comprised 20 patients (10 men and 10
women), referred to the Department of Psychiatry, Kyoto University

Hospital. Based on the Structural Clinical Interview for DSM-IV
(SCID). each patient fulfilled the DSM-IV criteria for schizophrenia
[paranoid (n=11). disorganized (n=35), catatonic (#=2). schizo-
phreniform (n=2)]. Psychopathology was assessed using the
Positive and Negative Syndrome Scale (PANSS: Kay et al.. 1987).
All patients were receiving antipsychotic medication [typical (7= 3),
atypical (#n=16). typical and atypical (n=1)] and were physically
healthy at the time of scanning and psychological tests. None had a
history of head trauma. neurological illness. scrious medical or
surgical illness. substance abuse. or any first relatives who had had
psychotic episodes.

The comparison group comprised 20 healthy individuals (10
men and 10 women) who were matched with the schizophrenia
group with regard to age and education level. These subjects were
also cvaluated on the basis of SCID. None had a history of
neurological or psychiatric illness, or any first relatives who had
had psychotic episodes.

Table | presents demographic information. The estimated
verbal and performance 1Q were obtained from vocabulary and
block design subtasks. respectively. in the Wechsler Adult
Intelligence Scale-Revised (WAIS-R) by transforming the scores
corrected for age into T scores.

Afler a complete description of the study to the participants.
written informed consent was obtained from them. This study
design was approved by the Committee on Medical Ethics of
Kyoto University.

Tusks

The participants” basic visuoperceptual ability for facial stimuli
was examined using a short version of the Benton Facial
Recognition Test (BFRT: Benton et al.. 1983). The participants
matched the faces of identical individuals from six choices, which
were shown in varying views and light conditions.

To cxamine the participants” ability 1o attribute emotions 1o
facial expressions and to protagonists in complex social situations.
we administered the Perception of Affect Task (PAT: Rau. 1993).
comprising four subtasks designed to separately assess verbal.

Table |
Demographic. clinical. and neuropsychological characteristics of the participants

Schizophrenia {(1=20) Healthy (n—20) Statistics

Mean S.D. Mean S.D. 1 {f=38) P
Age (years) 388 7.2 391 7.1 .13 NS
Sex (male/female) 10410 10/10
Handedness (rightleft) 1941 1941
Education years 13.5 2.0 14.4 1.9 0.15 NS
Age at onset (vears) 274 6.4
Duration of 1llness (vears) 11.6 8.7
Drug (mg-day. haloperidol equivalent)” 10.9 8.7
PANSS Total 64.5 19.8
PANSS Positive 16.4 6.7
PANSS Negative 15.7 6.5
PANSS General 324 10.1
VIQ 97.8 16.0 107.5 14.8 1.99K NS
P1Q 97.8 14.9 107.0 12.7 201 P=0.04
BFRT 45.5 6.03 47.2 4 1.02 NS

Abbreviations: PANSS = Positive and Negative Syndrome Scale, VIQ = the estimated verbal 1Q obtained from the subtask of vocabulary in the Wechsler Adult
Intelligence Scale-Revised (WAIS-R) by transforming scores corrected for age into 7'scores, PHQ = the estimated performance 1Q obtained from the subtask of
block design in the WAIS-R by transforming scores corrected for age into T scores. BFRT = Benton Facial Recognition Test.

" Haloperido! equivalents were caleulated according o fnngaki (2004,
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visual. and verbal visual processing abilities. The following are
their details,

Subtask 1

The participants were presented with short stories describing
emotional situations. From a list of seven emotion labels (happiness.
sadness. fear, anger. disgust. surprise, and neutraly, they were asked
to choose the one that best described the feeling of the main
protagonist in each situation. A total of 35 stories were designed
such that cach of these emotions could be clicited from five stories.

Subtask 2

The participants were provided with a list of seven emotion labels
(happiness. sadness. fear. anger. disgust, surprise. and neutral) and
were requested to choose the label that best described the emotional
facial stimuli presented. Five faces for each of these emotions were
selected from the Picture of Facial Affect series (I'kman and Friesen.
1976): thus. there were 35 face stimuli in total.

Subtask 3
The participants were again presented with the same 35 short

stories as in subtask 1. This time, they were provided with a list of

seven facial expressions (happiness. sadness, fear. anger. disgust.
surprise. and neutral) of one individual from the Picture of Facial
Affect series and were asked to choose the facial expression that
best described the fecling of the main protagonist in cach situation.

Subtask 4

The participants were provided with seven photographs of

social situations. The human figures representing one of seven
emotions (happiness. sadness, fear. anger. disgust, surprise, and
neutral) were indicated by an arrow in each social situation. The
faces of these figures were erased or were not observable. For each
of the same 35 facial stimuli used in subtask 2. the participants
were requested to choose the human figure that best described the
emotional facial stimuli presented.

These subtasks were performed in this fixed order for all the
participants.

MRI acquisition and pre-processing

All the participants received MRI scans {rom a 3-T whole-body
scanner equipped with an 8-channel phased array coil (Trio.
Stemens. Erlangen. Germany). The scanning parameters of the
three-dimensional magnetization-prepared rapid gradient-echo {3D-
MPRAGE) sequences were as follows: TE=4.38 ms: TR =2000 ms:
TI=990 ms: FOV=256: slice plane=axial; slice thickness=1 mm:
resolution=0.94 x0.94 x 1.0; and slice number=20%. To increase
the signal/noise ratio, we scanned all the participants three times and
obtained average tmages from the three images by using statistical
parametric mapping 2 (SPM2) sofiware (The Wellcome Department
of Imaging Neuroscience, London. UK.} running in Matlab 6.5
(The MathWorks. Natick. MA. U.S.A.}.

The images were analyzed using the optimized VBM methods
described in detail by Ashbumer and Friston (2000) and Good et
al. (2001). We used an extension of SPM. the VBM tools written
by Christian Gaser (hitp: ‘dbm.ncuro.uni-jena.de vbm). Briefly, a
study-specific whole brain template and gray matter (GM), white
matter {(WM). cerebrospinal fluid (CSF) prior images were created
from all the participants. Using these customized template and
priors, cach participant’s original image was then spatially

normalized and segmented into GM. WM, and CSF, according 1o
the optimized protocol. The images were resliced with [ < I x | mm’
voxels. The procedure yiclded two types of GM images-modulated
and unmodulated. The former were used for the group comparison of
voxel-wise GM volume (GMV) differences, whereas the latter. for
GM concentration (GMC). In this study. we analyzed both
modulated and unmodulated data. The resultant GM images were
smoothed with a Gaussian kemel of 12 mm full width at half
maximum, on which all the analyses were performed.

Duatu analvses

Social cognitive task performance

Data were analyzed using repeated measures analyses of
variance (ANOVA) with repeated-measures factors SUBTASK (4
levels) and EMOTION (7 levels) and the between-subjects factor
GROUP (2 levels). In addition. planned contrasts univariately
assessed for cach subtask whether there was a significant
diflerence between the two groups. For analyses assessing repeated
measures effects. violations of the sphericity assumption were
considered by correcting degrees of freedom according to Huynh-
Feldt (Vasey and Thayer. 1987). Finally. in order to test a priori
hypotheses about group differences for negative emotions in the
facial expression recognition. which were reported by several
schizophrenic studies (Mandal et al.. 1998: Edwards et al.. 2002},
fincar contrasts were computed with specific error variances in
subtask 2 (Boik. 1981). Analyses were computed using SPSS
v.12.0 and Statistica (Stat Soft. Inc. 1998). Statistical significance
was defined as P<0.05.

Regional grav matter reductions in patients relative 1o conirols

To identify the brain regions wherein the schizophrenic patients
showed reductions in GMV or GMC relative to the healthy
participants. an analysis of covariance (ANCOVA) was undertaken
in SPM2. Global gray matter volume was included as a nuisance
covariate in the analysis. Output was in the form of the statistical
parametric maps (SPMs), based on a voxel-level height threshold
of P<0.05 {corrected for multiple comparisons using the false
discovery rate [FDR: Genovese etal.. 2002]) and an extent threshold
of 600 contiguous voxels,

Correlation analvses

Using the “VOI (Volume Of Interest)” function (spm..regions.m)
in SPM2, each patient’s GMC('s or GMVs were extracted for each
cluster of concentration or volume reduction produced by above-
mentioned procedures.

The correlation analyses in SPSS v.12.0 were used to
investigate the structure symptom relationship between the
patients’ GMC/GMV in regions of reduction and their PANSS
scores (Positive, Negative, and General scores) and the structure--
social cognition relationship between the GMC/GMV and PAT
scores (subtasks 1. 2. 3. and 4). Parametric statistics were used if an
initial exploration of the data set suggested normal distribution:
nonparametric statistics were applied otherwise.

Results
Demographic and basic neuropsychological dara

There were no significant differences in age. education, and the
estimated VIQ between the schizophrenic patients and the healthy
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Fig. 1. Mean (=standard deviation} of the proportion of correct response on each subtask of PAT in patients with schizophrenia and healthy participants.

participants (Table 1). The estimated PIQ was worse in the
schizophrenic patients than in the healthy participants.

Behavioral measures

Benton Facial Recognition Test
There was no significant difference between the schizophrenic
patients and the healthy participants in the BFRT (Table 1).

Perception of Affect Task

The ANOVA revealed significant main effects: GROUP
(F(1, 38)=14.88, P<0.001), SUBTASK (#(3. 114)=538. gyp=1.
P<0.02), and EMOTION (F(6. 228)=32.77. £11:=0.95. P=<0.001),
a significant interaction between SUBTASK and EMOTION (F(18.
684)=106.22, eyr=0.875. P<0.001). No significant interaction was
found between GROUP and SUBTASK (P=0.184). between
GROUP and EMOTION (P=0.482), or a three-way interaction
(P=0.424). Planned contrasts revealed significantly lower scores
in the patients group for all of the four subtasks: subtask 1 (F(1.38)=
5.138, P<0.05), subtask 2 (F(1.38)=8.908, P<0.01). subtask 3
(F(1,38)=15.23. P<0.001)., and subtask 4 (F(1,38)=10.05.
P<0.01) (Fig. 1).

Linear contrast testing a priori hypotheses that the schizophrenic
patients would show specific deficits in recognizing negative facial
expressions (fear, anger, disgust. and sadness) as compared to non-
negative emotional expressions was not significant (P=0.126).
Another linear contrasts assessing whether patients showed specific
deficits in recognizing certain facial expressions revealed that the
schizophrenic patients were significantly less accurate than the
healthy participants in recognizing surprised (F{1.38)=5.63.
P=0.023) and angry facial expressions (F{1.38)=5.033. P=0.031).
No significant differences were found for the other emotional
expressions.

Regional grav matier reductions in patients relative 1o controls
& & .

The schizophrenic patients showed reduced GMC relative to
the healthy controls (Table 2. Fig. 2a) in left superior and middie
temporal gyri, the medial prefrontal cortex (MPFCY, right anterior
cingulate gyrus. bilateral inferior frontal gyri, and right insula.

There were no regions wherein the patients exhibited reduced
GMV relative to the controls. Therefore, the correlation analyses
mentioned below were performed using the patients™ regional
GMC data.

Correlation analyses

Structure- symptom relationship

The Kolmogorov- Smimov tests showed normal distribution of
structural data (right anterior cingulate gyrus P>0.05, all other
areas P>0.2), and that of symptom data (negative scores F>>0.05,
all other scores P>(.2). No significant statistical correlation was
found, but there was a trend between the MPFC and negative
symptoms (Pearson’s r=-0.403. P=0.078).

Structure -social cognition relationship

The Kolmogorov Smirnov tests showed normal distribution of
subtasks | (P>0.2). subtask 2 (P>0.1), and subtask 3 (P>0.2). but
not that of subtask 4 (P=0.006). A significant positive correlation
was found between the MPFC and subtask 4 (Spearman’s
r=0.464, P<0.05) (Figs. 2b.c), indicating that with a greater
MPFC concentration reduction, the accuracy with which subtask 4
was performed was less. Since the patients group was inferior in
the estimated P1Q. the abovementioned correlation could be simply

Table 2
The regions of gray matter concentration reduction in patients with
schizophrenia relative to healthy participants

Anatomical region Brodmann’s  Cluster centers® Cluster
Arca size
X v z
Left superior and middle BA2122 -57 17 -8 1424

temporal gyri

Medial frontal gvrus BA1Q 5 56 -3 3333
Right anterior cingulate gyrus  BA2S 2 7 =6 1460
Right inferior frontal gyrus BA47 36 24 -10 2176
Left inferior frontal gyrus BA11/47 -39 48 -~15 638
Right insula BA13 34 25 15 1477

* Coordinates from the stereotaxic atlas of Talairach and Towrnoux {1988).





