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Alimitation of this study is that the group of PDD participants was smali, as then was the two subgroups. Therefore, future
study should involve a larger number of participants. In addition, the profiles of the control group participants lacked
important information. For example, no accurate IQ information was available, although because the average 1Q of the PDD
group participants was higher than 100 and no correlation was found between IQ and mind-reading performance, the
influence of IQ appears to be limited. In future studies, the 1Q, age and education level of the control group should be matched
to those of the PDD group. Moreover, the participants in this study were all male. Given that gender differences on mind-
reading tasks have been reported (Baron-Cohen, Wheelwright, Skinner, et al., 2001; Baron-Cohen, 2003; Golan et al., 2006;
Rutherford et al., 2002; Wakabayashi & Katsumata, in press), future work should include female participants. Finally, the
tasks used in this study were created from clips from a TV drama, which resulted in somewhat uncontrolled categories of
emotions. Thus, future use of controlled categories of emotions to examine performance differences among groups divided
by diagnosis should contribute to identifying those emotions and mental states that are relatively easier for adults with HFA
to recognize.

5. Conclusions

Using the new visual and auditory tasks, this study compared the performance of subgroups of PDD divided according to
DSM-IV-TR diagnostic criteria in order to clarify the difference in mind-reading abilities among the subgroups. The results
demonstrated that on both the visual and auditory tasks, individuals with HFA experienced the greatest difficulty in
understanding the complicated emotions and mental states of others. In contrast, the results suggest that the mind-reading
abilities of adults with.AS and PDD-NOS did not differ much from those without PDD. Taken together, complex mind-reading
tasks appear to be effective for distinguishing individuals with HFA from those with AS or PDD-NOS. Clinically, adults with
HFA who are not able to understand easily others’ thoughts and emotions will likely encounter problems in social
relationships. Individuals with AS or PDD-NOS will likewise experience such problems, but for different reasons: although
they might well be able to understand others’ emotions and thoughts, they will likely have difficulty knowing how to adapt
their own social behavior. The support offered to individuals of different PDD subgroups may need to be differentiated
accordingly.
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Context: Both neuropsychological and functional mag-
netic resonance imaging studies have shown deficien-
cies in face perception in subjects with autism spectrum

- disorders (ASD). The fusiform gyrus has been regarded
as the key structure in face perception. The cholinergic
system is known to regulate the function of the visual
pathway, including the fusiform gyrus.

Objectives: To determine whether central acetylcho-
linesterase activity, a marker for the cholinergic system,
is altered in ASD and whether the alteration in acetyl-
cholinesterase activity, if any, is correlated with their so-
cial functioning.

Design: Using positron emission tomography and a ra-
diotracer, N-["Clmethyl-4-piperidyl acetate ([ C]MP4A),
regional cerebrocortical acetylcholinesterase activities were
estimated by reference tissue-based linear least-squares
analysis and expressed in terms of the rate constant ks.
Current and childhood autism symptoms in the adult sub-
jects with ASD were assessed by the Autism Diagnostic
Observation Schedule and the Autism Diagnostic Inter-
view—Revised, respectively. Voxel-based analyses as well
as region of interest—based methods were used for be-

tween-subject analysis and within-subject correlation
analysis with respect to clinical variables.

Setting: Participants recruited from the community.

Participants: Twenty adult subjects with ASD (14 male
and 6 female; age range, 18-33 years; mean [SD] intelli-
gence quotient, 91.6 [4.3]) and 20 age-, sex-, and intel-
ligence quotient-matched healthy controls.

Results: Both voxel- and region of interest-based analy-
sesrevealed significantly lower [''C]MP4A k; values in the
bilateral fusiform gyri of subjects with ASD than in those
of controls (P< .05, corrected). The fusiform k; values in
subjects with ASD were negatively correlated with their so-
cial disabilities as assessed by Autism Diagnostic Observa-
tion Schedule as wellas Autism Diagnostic Interview—Revised.

Conclusions: The results suggest that a deficit in cholin-
ergic innervations of the fusiform gyrus, which can be ob-
served in adults with ASD, may be related to not only cur-
rent but also childhood impairment of social functioning.

Arch Gen Psychiatry. 2011;68(3):306-313

Author Affiliations are listed at
the end of this article.

UTISM SPECTRUM DISOR-

ders (ASD), comprising au-

tistic disorder, Asperger dis-

order, and pervasive

developmental disorder not
otherwise specified, are characterized by im-
pairment in both social interaction and com-
munication as well as by restricted or re-
petitive behaviors and interests.' Although
individuals with ASD also have significant
deficits in face perception,? this aspect is
not included in the current diagnostic cri-
teria.! Because of the fundamental role of
face processing in social interactions, it has
been hypothesized that abnormalities in the
neural circuitry involved in face process-
ing contribute to social disabilities in ASD.

It is well recognized from functional
magnetic resonance imaging (IMRI) stud-
ies that a specific region of the fusiform
gyrus called the fusiform face area (FFA)
is consistently active during face viewing
in typically developing individuals.** The
FFA activity in face processing is known
to be dominated by the right hemi-
sphere.® and the functional volume of the
right FFA, defined by IMRI during face
viewing, may increase with age.” Most pre-
vious fMRI studies have found that sub-
jects with ASD lack FFA activation in re-
sponse to strangers’ faces,®® although
subsequent studies have shown that dif-
ferences in FFA activation between typi-
cally developing and autistic people may
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be mediated by task demand,"* familiarity,'>!* or the
amount of time spent {ixating on the eyes.”” The FFA hy-
pofunction, especially in the right hemisphere, that oc-
curs when children and adults with ASD view strangers’
faces, is the best-replicated {MRI abnormality.'*'¢ This
phenomenon may arise from neuropathological abnor-
malities in the fusiform gyrus in ASD; in a recent post-
mortem study by van Kooten et al,'” compared with con-
trols, patients with autism showed significantly lower
neuron densities in layer I1I, total neuron numbers in lay-
ers I11, V, and VI, and mean perikaryal volumes of neu-
rons in layers V and V1 in the fusiform gyrus.

Several neurotransmitters including acetylcholine,
dopamine, noradrenaline, and serotonin have been found
to play important roles in cortical activity.'®**? In the vi-
sual cortex, acetylcholine makes the greatest contribu-
tion to the biophysical properties of the neurons and syn-
aptic efficacy, although the involvement of noradrenaline
and serotonin is also implicated.’ Evidence of the criti-
cal effect of acetylcholine on fusiform activity has been
derived from the results of fMRI and positron emission
tomography (PET) studies, which have demonstrated that
pharmacological manipulation of cholinergic activity can
alter the function of the fusiform gyrus; scopolamine re-
duced fusiform activity in individuals who performed a
long-term encoding task,”* while cholinergic enhance-
ment by the cholinesterase inhibitor.physostigmine aug-
mented the relative neuronal response in the middle fu-
siform gyrus during emotional processing.?* These
findings suggest that abnormalities in cholinergic func-
tion could occur in the fusiform gyrus in individuals with
ASD and that such abnormalities would be associated with
social disability. To test this hypothesis, we assessed ace-
tylcholinesterase (AChE) activity, a marker for the cen-
tral cholinergic system,” in adult individuals with ASD
and age- and sex-matched controls by PET and the ra-
dioactive tracer N-[!!C]methylpiperidin-4-yl acetate
([""CIMP4A), which is an analog of acetylcholine and is
selectively hydrolyzed by AChE.?*% Furthermore, we ex-
amined the clinico-biomarker relationship by compar-
ing clinical variables with regional [''C]MP4A PET data
in subjects with ASD. Because previous studies describe
right-hemisphere dominance in fusiform hypofunction
during face processing'*1 and unaltered choline acetyl-
transferase activities in the postmortem parietal and fron-
tal cortices® in autism, we predicted that abnormalities
in AChE activity measured by [''C]MP4A PET would
be less prominent or not altered in the cerebral cortex,
other than the right-hemisphere fusiform gyrus, in sub-
jects with ASD.

SUBJECTS

Twenty subjects with ASD (14 male and 6 female; mean [SD] age,

23.5[4.3] years; age range, 18-33 years) and 20 age- and sex-.

matched control subjects (14 male and 6 female; mean [SD] age,
23.1[4.2] years; age range, 19-34 years) participated in this study.
All of the participants were right-handed and had an intelligence
quotient greater than 70. None of the participants were tobacco
smokers or taking any medication, including psychotropic drugs.

All of the subjects with ASD were diagnosed by 2 trained child
psychiatrists (K.N. and T.S.) according to the DSM-1V.! The sub-
jects with ASD did not have any other psychiatric comorbidity
disorders, as confirmed by applying the Structured Clinical In-
terview for DSM-IV axis 1 disorders.” In addition, they had no
notable dysmorphology, neurocutaneous abnormalities, signifi-
cant neurologic deficits, history of epileptic seizures, or disor-
ders known to be associated with autism such as fragile X syn-
drome, neurofibromatosis, or tuberous sclerosis. The Autism
Diagnostic Observation Schedule (ADOS)* module 4 and Au-
tism Diagnostic Interview-Revised (ADI-R)*! were used to evalu-
ate current and childhood autism symptoms, respectively, by
trained clinicians (K J.T. and K.M., respectively). Fifteen of 20
subjects with ASD were diagnosed with autistic disorder and re-
maining 5 were considered to have pervasive developmental dis-
order not otherwise specified according to the ADOS scores, al-
though all 20 subjects met ADI-R criteria of autism disorder. All
control subjects were found to be mentally and physically healthy
according to comprehensive assessments of their medical histo-
ries and neuropsychiatric examinations. The study was ap-
proved by the local ethics committees. Written informed con-
sent was obtained from each of the participants.

MRI AND PET PROCEDURES

As described elsewhere *3* we performed 3-dimensional MRI
scans using a 0.3-T MRI unit (model MRP7000AD:; Hitachi Medi-
cal, Tokyo, Japan) and PET scans with a high-resolution brain
PET scanner with the ability to yield 47 PET images simulta-
neously (model SHR-12000; Hamamatsu Photonics, Shi-
zuoka, Japan). Details in image acquisition and preprocessing
procedures are described in the online-only material (eAppen-
dix 1; http://www.archgenpsychiatry.com). The MRI measure-
ments and 2 mobile PET gantry allowed us to reconstruct PET
images parallel to the anterior-posterior intercommissural line
without resectioning. Using this approach, we were able to al-
locate a region of interest (ROI) to the target area of the PET
image.” Before dynamic PET scanning, a 20-minute transmis-
sion scan was performed for attenuation correction using a Ge/
%Ga source with the participant’s head fixed by means of a ra-
diosurgery-purpose thermoplastic face mask. Then, after a bolus
intravenous injection of a 380-MBq dose of [''CIMP4A, 32 se-
rial PET scans (time frames, 4 X 30 seconds, 20 X 60 seconds,
and 8 X 300 seconds) were performed for 62 minutes. No seda-
tives were administered during either the MRI or the PET scan.

IMAGING DATA ANALYSIS

Regional cerebrocortical AChE activities were estimated using
PMOD 2.95 software (PMOD Technologies, Zurich, Switzer-
land). Production of parametric k; images was based on the ref-
erence tissue model designated for [*'C]MP4A k; value quan-
tification,> and the ROI analysis was based on the reference
tissue-based linear least-squares method* (eAppendix). In brief,
a target cortical region and the cerebellum as a reference re-
gion were delineated on MRIs from each participant and trans-
ferred onto PET images. The regional k; value, representing the
rate of tracer hydrolysis by AChE, and the R, value, which is
the delivery of the tracer in the target region relative to the ref-
erence and reflects regional cerebral blood flow, were calcu-
lated using multilinear regression from time-activity curves from
the target and reference regions.” The R, value is important
for ruling out the effect of regional cerebral blood flow on the
regional ky value. Using the PMOD, whole-brain parametric maps
of k; and R, were generated. We masked extracerebral struc-
tures by demarcating cerebral regions on MRIs for further analy-
sis of the k; and R, parametric maps.
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Figure 1. Results of region of interest-based analysis. A, Mean regional
brain N-['C]methylpiperidin-4-yl acetate ([""C]MP4A) &; values in controls
and subjects with autism spectrum disorder (ASD). Subjects with ASD had
significantly lower k; values in the bilateral fusiform gyri compared with
controls. Error bars represent the standard error of the mean. Note the
significance {(P< .01 by post hoc Bonferroni test following 2-way analysis of
variance). Correlation between ["'C]JMP4A k; values in the fusiform gyrus and
social scores of the ADOS (B) and ADI-R (C) is shown. Values of ["'C]MP4A
ksin both the right and left fusiform gyrus were significantly and negatively
correlated with the Autism Diagnostic Observation Schedule (ADOS) social
scores (A) as well as the Autism Diagnostic Interview—Revised (ADI-R)
domain A scores (B). D, The mean laterality index (right to left ratio) of the
fusiform k; values in controls and subjects with ASD is shown. E, Correlation
between laterality index of fusiform k;and social scores of ADOS or ADI-R in
subjects with ASD is also shown. ADI-R indicates Autism Diagnostic
Interview—Revised; ADOS, Autism Diagnostic Observation Schedule; FC,
dorsolateral prefrontal cortex; FG, fusiform gyrus; 10G, inferior occipital
gyrus; ITG, inferior temporal gyrus; MOG, middle occipital gyrus; MTG,
middle temporal gyrus; PC, parietal cortex (angular gyrus); SOG, superior
occipital gyrus; and STG, superior temporal gyrus.

VOXEL-BASED IMAGE ANALYSIS

We performed voxel-based whole-brain analyses using statis-
tical parametric mapping soltware (SPM5; Wellcome Depart-
ment of Cognitive Neurology, Institute of Neurology, Lon-
don, England). In the SPM analysis of ["'CI]MP4A k; and R,
parametric maps, between-group comparisons were per-
formed to investigate regional differences in each value, using
the t test for each voxel. The SPM analyses were performed with-
out proportional scaling of k; and R, values. Correlations be-

tween k; and R, values were examined on a voxel-by-voxel ba-
sis using the Biological Parametric Mapping toolbox.* The
Biological Parametric Mapping toolbox examines any correla-
tion voxelwise between multimodal images that are coregis-
tered and aligned within the same space (ie, Montréal Neuro-
logical Institute space). To test the effect of tracer delivery (R;)
on the metabolic rate (k;), an analysis of covariance was per-
formed using the k; map as the primary modality and the cor-
responding R, map as the regressor using the Biological Para-
metric Mapping toolbox. In addition, we performed exploratory
correlation analyses between the regional changes in ['"C]MP4A
ks values and the severity ol social disabilities in subjects with
ASD. Age and sex were treated as covariates, and the scores on
the ADOS and ADIR were considered to be variables of inter-
est. To test hypotheses about the regional specific effects of these
variables, the estimates were compared using 2 linear con-
trasts (positive or negative correlation).

ROI-BASED ANALYSIS

In addition to the voxel-based analysis that is suitable for an
exploratory examination of tracer distribution altered in the
brain, we performed ROI-based analysis because it enabled us
to generate quantitative differences in ["C|MP4A k; and R,
values in specific regions. Manual delineation on individual
MRI scans in ROI-based approaches is often biased by the
variability between raters and side differences in ROI size,
whereby direct case-control comparability is compromised.
Therefore, we chose to delineate ROIs by application of a
standardized ROI template based on the Anatomical Auto-
mated Labeling atlas® fitting the Montréal Neurological Insti-
tute standard brain. Both the k; and R, parametric maps were
normalized to the Montréal Neurological Institute space by
applying a nonlinear iterative algorithm using PMOD soft-
ware. Then we chose ROIs of 9 brain areas bilaterally includ-
ing visual processing pathways (the fusiform gyrus, superior,
middle, and inferior temporal gyri, and the superior, middle,
and inferior occipital gyri), dorsolateral prefrontal cortex
(Brodmann area 9), and parietal cortex (angular gyrus, Brod-
mann area 39). Averaged k; and R, values for each ROI were
obtained. To determine whether there is laterality in the re-
gional k; values, we calculated a laterality index (right ky/left
k) in bilateral fusiform ROIs in the 2 groups.

STATISTICAL ANALYSIS

Demographic and clinical variables were compared between the
ASD and control groups using the unpaired t test using statis-
tical software (SPSS version 17]; SPSS Japan Inc, Tokyo, Ja-
pan). In the voxel-based analyses, the results were corrected
for multiple comparisons of whole-brain analysis at a signifi-
cance level of P<<.05 (false discovery rate). The significance
level was determined using a voxel-level threshold of P<<.001.
In ROI-based analyses, we tested the main effect of the diag-
nosis of ASD on ["'C]MP4A k; or R, values derived from 9 brain
regions using 2-way analysis of variance followed by post hoc
Bonferroni test. We further conducted an analysis of covari-
ance using the k; value as the independent variable and the cor-
responding R, value as the covariate in ROIs on the fusiform
gyrus, based on the results of the 2-way analysis of variance
(Figure 1A). In the laterality analysis, an unpaired t test was
used for the comparison between the 2 groups. Evaluation of
relationships between the regional k; values from each ROl and
ADI-R or ADOS scores among subjects with ASD was per-
formed with the Pearson r correlation coefficient. Statistical sig-
nificance was set at P<.05.
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The characteristics of all the participants are summarized
in Table 1. There was no significant difference in the dis-
tribution of age or the sex ratio. The difference in intelli-
gence quotient between the 2 groups did not reach statis-
tical significance (t=1.43; P=.16). In quantitative PET brain
imaging, the motion artifact is the important degrading fac-
tor. Therefore, we fixed the head of each participant using
a thermoplastic face mask, observed participants care-
fully during each scan, and confirmed that all of the par-
ticipants had remained immobilized. Another major con-
founding factor in PET image analysis is the partial volume
effect (PVE) that can be observed in measuring small brain
structures and lead to an underestimation of tracer activ-
ity. The present results were generated without PVE cor-
rection. To minimize PVE, we used a high-resolution brain-
purpose PET scanner for data acquisition and MRI data
for image analysis, the latter of which allowed us to select
the brain loci with no extraparenchymal spaces to esti-
mate k; value, an index of AChE activity, and R;, an in-
dex of tracer delivery, with reference tissue-based linear
least-squares analysis® of dynamic ["'C]MP4A PET im-
ages. When we conducted an additional volumetric brain
morphometry study using a 3-T scanner on the partici-
pants of the MP4A PET study, there was no significant dif-
ference in whole-brain or regional gray matter volumes
between subjects with ASD and controls (eAppendix 2,
eTable, eFigure 1 and eFigure 2).

VOXEL-BASED WHOLE-BRAIN ANALYSIS

We first obtained parametric maps of k; and R; values of
ASD and control subjects. Figure 2A illustrates nor-
malized and averaged ['!CIMP4A k; parametric maps from
control subjects and subjects with ASD. The ASD group
showed signilicant reductions in ["'C]MP4A k; values in
ventral portion of the bilateral temporal lobes com-
pared with the control group (Figure 1B). There was no
voxel where [!C]MP4A k; values were greater in sub-
jects with ASD than in controls. In contrast, there was
no significant difference in R, values in the whole brain
between groups (eFigure 3 and eFigure 4). Although it
was [ound that R; values did not differ significantly be-
tween the ASD and control groups, to exclude further a
possible adverse effect of the ['!CIMP4A delivery on its
retention, we conducted an analysis of covariance using
the k; map as the primary modality and the correspond-
ing R; map as the regressor. After controlling the effect
of R, value, the reduction in [''C]MP4A k; values in the
ASD group was still significant within the fusiform gy-
rus bilaterally (Figure 1C; P<<.03, corrected).

We further examined the possible relationships be-
tween [!'C]MP4A k; values and clinical features in sub-
jects with ASD (Table 2). Figure 1D shows a cluster on
the fusiform gyrus in which the [''CIMP4A k; values were
significantly negatively correlated with the ADOS social
score (P <.05, corrected). Figure 1E indicates a cluster
on the fusiform gyrus in which a significantly negative
correlation between the [*'C]MP4A k; values and the
ADI-R domain A (social) score was noted (P<.05, cor-

Table 1. Demographic Characteristics of the Participants
Mean (SD) [Range}]
Characteristic l Control (n=20) -~ ASD(n=20)
Male:female, No. 146 14:6
Age,y 231.(42)[19-32} - 23.5(4.3){18-33] .
WAIS-IIE, full 1Q 100.5(19.4) [70-136] :91.6 (19.7) {70-140]
ADOS score ;
Sociat .NA 8.6(2.3)[5-13]
Communication NA 43(1.9)[2-8]
. Stereotype NA 0.8 (0.9) [0-3]
ADI-R score, Domain
A (social) NA 20.0 (5.2) [11-29]
B (communication) NA 14.8 (5.0) [9-23]
C (stereotype) NA 5.2 (2.3) [4-13]

Abbreviations: ADI-R, Autism Diagnostic Interview—Revised; ADOS, Autism
Diagnostic Observation Schedule; ASD, autism spectrum disorder; NA, not
applicable; WAIS-IHI, Wechsler Aduit intelligence Scale, 3rd edition.

rected). Clusters associated with the ADOS social score
(Figure 1D) and the ADI-R social score (Figure 1E) were
located within the clusters shown in Figure 1C. The other
scores in the ADOS and ADI-R did not correlate signifi-
cantly with [M'C]MP4A k; values (data not shown).

ROI ANALYSIS

The results of analyses of multiple ROIs are shown in
Figure 2. Consistent with the findings derived from the
voxel-based analysis, ['"C]MP4A k; values in the bilat-
eral fusiform gyri in subjects with ASD were signifi-
cantly lower than the corresponding values in control sub-
jects (Figure 2A; t=4.91, P<<.001 for the right; t=3.98,
P=.002 for the left). There was no difference in [*C]MP4A
R; values between subjects with ASD and controls in either
side of the fusiform gyrus (eFigure 5; t=1.47, P= .15 for
the right; t=1.66, P= .10 for the left). Analysis of covari-
ance showed that differences in k; values between the 2
groups were significant in bilateral fusiform ROIs after
controlling the effect of R, value (F, 3;=12.51, P=.001 for
the right; F, 3,=6.78, P=.01 for the left).

Examination of the correlation between ['C]MP4A
ks values in the bilateral fusiform gyri and the clinical char-
acteristics revealed that the [''C]MP4A k; values were sig-
nificantly negatively correlated with social scores of both
the ADOS (Pearson r=-0.559, P=.009 for the right;
r=-0.512, P= .02 for the left) and ADI-R (r=-0.594, P=
.007 for the right; ¥r=-0.572, P= .008 for the left)
(Figure 2B for ADOS and Figure 2C for ADI-R). No cor-
relation was found between [''C]MP4A k3 values in the
fusiform gyrus and other scores of the ADOS or the ADI-R
(data not shown). Values of ['C|MP4A k; in ROIs other
than the fusiform gyrus did not correlate significantly with
any ADOS or ADIR scores (data not shown).

Results from the laterality analysis of ["'CIMP4A k;
values in the fusiform gyrus are shown in Figure 2, Dand
E. The group mean of the laterality index, a right to left
ratio of the k; value, in subjects with ASD was signifi-
cantly lower than that of controls (t=2.21; P=.03). The
laterality index was weakly but significantly and nega-
tively correlated with ADOS social scores (Pearson
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Control subjects

+3

Subjects with ASD

+15

[1/min]

Figure 2. Results of the whole-brain voxel-based statistical parametric mapping analysis of the N-["'C]methyipiperidin-4-yl acetate ([''C]MP4A) &, value
distribution maps. A, Normalized and averaged ["'C]MP4A &; parametric maps from control subjects and subjects with autism spectrum disorders (ASD) are
shown. B, Areas with significantly reduced [''C]MP4A k; values in subjects with ASD compared with those in controls (P< .05, corrected) are rendered on glass
brains. C, Results from analyses of covariance are shown. Areas with significantly lower [T'CJMP4A k; vaiues in the ASD group than in the control group (P< .05,
corrected) are indicated. The location of a cluster with significant negative correlations between ["'CIMP4A k; values and Autism Diagnostic Observation Schedule
social scores (D) or Autism Diagnostic Interview—Revised social scores (E) in subjects with ASD (P<.05, corrected) is shown. The locations are rendered on the

standard-brain T1 template. A indicates anterior; P, posterior;

r=-0.508; P=.02) as well as ADI-R domain A scores
(r=-0.505; P=.02) (Figure 2E).

Adults with ASD had significantly and locally reduced
["'CIMP4A k; values, a representative measure of the hy-
drolytic activity of AChE in the bilateral fusiform gyri,
with no significant change in ['' C]MP4A k; values in the
other cortical areas. As mentioned previously, motion dur-
ing PET and PVE are potential confounding factors that
influence the results of PET analysis. In this study, how-
ever, we confirmed that all of the participants had re-
mained immobilized during each PET scan by fixing the
head of each participant. An additional volumetric brain
morphometry study showed no significant difference in
whole-brain or regional gray matter volumes between sub-
jects with ASD and controls (eAppendix 2, eTable, eFig-
ure 1 and eFigure 2). Therefore, the obtained PET data
may correctly represent the condition in the brain. Ace-
tylcholinesterase is most abundant along cholinergic path-
ways, where it terminates neurotransmission through the
rapid hydrolysis of acetylcholine. Although AChE has a
very good correspondence with choline acetyltransfer-

ase, the enzyme that synthesizes acetylcholine, several
other cortical AChE-rich neurons have no choline acet-
yltransferase activity and are classified as noncholiner-
gic but cholinoceptive.*** However, the AChE-rich cor-
tical axons in the adult brain are almost exclusively
cholinergic, arise mostly from the basal forebrain, and
contain AChE that is transported anterogradely from cho-
linergic perikarya in the basal forebrain.***? Therefore,
the present result of reduction in the ["'C]MP4A k; val-
ues localized in the bilateral fusiform gyri suggests that
presynaptic cholinergic innervation of a specific corti-
cal region is selectively impaired in adult individuals with
ASD. Previously, Perry et al?®® measured cholinergic en-
zyme activity as well as the levels of muscarinic and nico-
tinic receptors in the frontal and parietal cortices in de-
ceased adults with autism and found no change in the
activities of AChE and choline acetyltransferase, al-
though there were decreases in some types of musca-
rinic and nicotinic receptors. The results of Perry et al*®
may support our contention that the presynaptic cho-
linergic innervations of the cortex, other than the re-
stricted region of the fusiform gyrus, are intact in ASD.
Serotonergic and dopaminergic, as well as cholinergic,
innervations may play important roles in the regulation
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ASD in the Fusiform Gyrus®?

Table 2. Ciusters Where ['"'CIMP4A «; Values S|gmflcantly Correlated With Soclal Scores From ADGS and ADI- R in Subjects With

Hemisphere ‘ClusterSize: - o F X L Yy Lol g
A ' Negauvely correlaled With ADOS Social Scores ' ' '

R 58 v 29.92 o 42

L 16. 24.92 oo+46

R 20 2378 Log
- R 38 i ‘19.65 24

L 4 1689 28

S Negalwely correlated With ADI- RA(SoclaI) Scores -

R 267 . 3278 S ol

L © 36 © 2870 46

L 59 16.53 -28 o

R 39 15.55 24 -80- Lo=16

Abbreviations: ["C]MP4A, N-['C]methyipiperidin-4-yl acetate; ADI-R, Autism Diagnostic Interview—Revised; ADOS, Autism Diagnostic Observation Schedule;

ASD, autism spectrum disorder; NA, not applicable.
3p< 05, corrected; cluster extent threshold, 10 voxels.

of cortical activity in the visual area.’* However, our re-
cent PET study in which brain serotonin and dopamine
transporter bindings were evaluated in adults with high-
functioning autism showed no changes in the seroton-
ergic or dopaminergic terminals in the fusiform gyrus.*
Therefore, the deficit in the fusiform gyri of individuals
with ASD may be relatively specific to the cholinergic neu-
rotransmission, although more study of the influences
of other neurotransmitters, such as noradrenaline, is nec-
essary. In our ROI-based analysis, AChE activities tended
to be lower in the ASD groups than in the controls across
all of the ROIs tested, although it reached significance
only in the bilateral fusiform gyri after correction for mul-
tiple comparisons. It may be possible that the choliner-
gic transmission is globally impaired in ASD. Further study
is therefore required on the subject.

When the relationship between the [ C]MP4A k; value
and the diagnostic algorithm scores from the ADOS and
ADI-R was examined in each side of the fusiform gyrus,
lower levels of the k; value in both fusiform gyri were
found to be associated with more severe social reciproc-
ity, as evaluated by the ADOS and ADI-R. The ADOS so-
cial score reflects the current social function, while the
ADI-R social (domain A) scoring is based on early social
development. Therefore, a deficit in cholinergic inner-
vation of the fusiform gyri, which can be observed in adults
with ASD, may be related not only to the current but also
the childhood impairment of social functioning. The par-
ticipation of the fusiform gyrus in this regard may be more
predominant in the right than the left hemisphere, since
our laterality analysis showed that the individual later-
ality indices were negatively correlated with social scores
from the ADOS and ADI-R. It is currently unknown
whether children with ASD have abnormalities in cho-
linergic innervations of the fusiform gyri. However, a lack
of interest in the human face is a major symptom of au-
tism and is evident as early as the first year of life,* sug-
gesting the emergence of a functional impairment of the
face-processing system, including the FFA within the fu-
siform gyrus, in the early development of ASD. Al-
though speculative, the association of the current defi-
cit in cholinergic innervations of the fusiform gyri with

the present and early impairment of social functioning
may reflect the existence of the cholinergic insult in the
early development of ASD, persisting into adulthood. Re-
cently, Nacewicz et al** demonstrated that a smaller amyg-
dala exhibits more significant impairment in social reci-
procity as determined by the ADI-R. When Kleinhans et
al,* using the IMRI technique, investigated functional con-
nectivity within the limbic system during face identifi-
cation in high-functioning adults with ASD, abnormal
functional connectivity between the right fusiform gy-
rus and the left amygdala was associated with ADI-R so-
cial scores in childhood. At this time, it is unclear whether
cholinergic transmission impairment in the right-
hemispheric fusiform gyrus is involved in the time-
independent association described by Nacewicz et al** and
Kleinhans et al.¥

A previous neuropathological study of autism de-
scribed significant reductions in neuron density in layer
111, total netiron numbers in layers I11, V, and VI, and mean
perikaryal volumes of neurons in layers V and VI in the
fusiform gyrus.!” The neuropathological changes may be
specific to the fusiform gyrus because none of these al-
terations were found in the primary visual cortex or in
the whole cerebral cortex.!” The pyramidal cells in lay-
ers Il and V have been suggested to be cholinocep-
tive.**%51 Because acetylcholine is known to play an im-
portant role in the regulation of both structural and
functional maturation of cortical circuits,'®*3 and be-
cause the modulatory effect of acetylcholine seems to de-
pend on the level of AChE activity,” we suppose that the
reduced AChE activity in the fusiform gyrus observed here
may partly contribute to the reduction in the number of
cholinoceptive neurons in layers Il and V.

Our study has some limitations. The small sample size
renders the data presented here preliminary, and a larger
study with more ASD subjects will be necessary. How-
ever, recruitment for the current study was limited to a
group of high-functioning subjects with ASD, none of
whom were given psychotropic drugs, and all were able
to complete PET examination without sedation. There-
fore, our data are free from possible confounding fac-
tors and thus reflect a certain common pathology among
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people with ASD. Another methodological issue is that
the absence of PVE correction using a low-resolution PET
camera would affect quantitative values such as k;.” One
solution is the use of a higher-resolution PET camera.
Compatible with the reported high-resolution human PET
scanner,” our PET camera has an intrinsic 2.9-mm reso-
lution, which previously allowed us to evaluate the change
in tracer accumulation in a small region such as the mid-
brain.”® The fusiform is actually larger than the mid-
brain, and it was reported that the fusiform cortex is
thicker in ASD than in controls.” Thus, the use of a high-
resolution brain-purpose PET camera and MRI-guided
ROI determination on the thicker cortical region could
minimize the PVE issue in the present study. It was re-
ported that hypometabolism exceeded atrophy in most
altered structures in Alzheimer disease.’® Although the
disease is different, that observation suggests that the pres-
ent ["'C]MP4A k; reduction reflects the pathophysiol-
ogy of ASD rather than the atrophy.

Submitted for Publication: January 13, 2010; final revi-
sionreceived October 19, 2010; accepted October 21,2010.
Author Affiliations: Research Center [or Child Mental
Development (Drs Suzuki, Sugihara, Tsuchiya, Take-
bayashi, Suda, and Takei and Ms Matsumoto), Molecu-
lar Imaging Frontier Research Center (Dr Ouchi), and
the Departments of Psychiatry and Neurology (Drs Na-
kamura, Iwata, Wakuda, and Mori), and Child Psychia-
try (Dr Sugiyama), Hamamatsu University School of Medi-
cine, Hamamatsu; Positron Medical Center, Hamamatsu
Medical Center, Hamamatsu (Dr Ouchi and Mr Futat-
subashi); Department of Psychiatry and Neurobiology,
Graduate School of Medical Science, Kanazawa Univer-
sity, Kanazawa (Dr Kikuchi); Faculty of Sociology, Chu-
kyo University, Toyota (Mr Tsujii); Koujin Hospital,
Nagoya (Dr Yoshihara); and Advanced Technology for
Medical Imaging, National Institute of Radlologlcal Sci-
ences, Chiba (Dr Irie), Japan.

Correspondence: Norio Mori, MD, PhD, Department of
Psychiatry and Neurology, Hamamatsu University School
of Medicine, 1-20-1 Handayama, Higashi-ku, Hama-
matsu, Shizuoka 431-3192, Japan (morin@hama-med
.ac.jp).

Financial Disclosure: None reported.
Funding/Support: This study was supported by Grants-
in-Aid for Scientific Research (B) from the Ministry of Edu-
cation, Culture, Sports, Science, and Technology of Japan
to KS (No.22390221),and by a grant from the Japan Foun-
dation for Neuroscience and Mental Health (Dr Sugihara).
Role of the Sponsor: The funding bodies played no role
in design and conduct of the study; collection, manage-
ment, analysis, and interpretation of the data; or prepa-
ration, review, or approval of the manuscript.
Online-Only Material: The eAppendix, eTable, and eFig-
ures are available at http://www.archgenpsychiatry.com.
Additional Contributions: The authors are grateful to
Hiroki Namba, MD, PhD, for his useful comments on this
work. We also thank Toshihiko Kanno, BS, Etsuji Yoshi-
kawa, BS, Shigeyuki Yamamoto, PhD, Akira Ishizuka, MA,
Hideto Yogo, MA, Yuta Nishimiya, Ma, Shuji Kobaya-
shi, MA, and Wataru Ishida, MA, for their excellent as-
sistance.

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. Fourth Edition, Text Revision. Washington, DG: American Psychiat-
ric Association; 2000.

2. Grelotti DJ, Gauthier I, Schultz RT. Social interest and the development of cor-
tical face specialization: what autism teaches us about face processing. Dev
Psychobiol. 2002;40(3):213-225.

3. Schuliz RT. Developmental deficits in social perception in autism: the role of the
amygdala and fusiform face area. /nt J Dev Neurosci. 2005;23(2-3):125-141.

4. George N, Dolan RJ, Fink GR, Baylis GC, Russell C, Driver J. Contrast polarity
and face recognition in the human fusiform gyrus. Nat Neurosci. 1999;2(6):
574-580.

5. Kanwisher N, Stanley D, Harris A. The fusiform face area is selective for faces
not animals. Neuroreport. 1999;10(1):183-187.

6. Kanwisher N, McDermott J, Chun MM. The fusiform face area: a module in hu-
man extrastriate cortex specialized for face perception. J Neurosci. 199717
(11):4302-4311.

7. Golarai G, Grill-Spector K, Reiss AL. Autism and the development of face processing.
Clin Neurosci Res. 2006;6(3):145-160.

8. Critchley HD, Daly EM, Bullmore ET, Williams SC, Van Amelsvoort T, Robertson DM,
Rowe A, Phillips M, McAlonan G, Howlin P, Murphy DG. The functional neuroanatomy
of social behaviour: changes in cerebral blood flow when people with autistic disor-
der process facial expressions. Brain. 2000;123(pt 11):2203-2212.

9. Pierce K, Miiller RA, Ambrose J, Allen G, Courchesne E. Face processing occurs
outside the fusiform ‘face area’ in autism: evidence from functional MRI. Brain.
2001;124(pt 10):2059-2073.

Schultz RT, Gauthier |, Klin A, Fulbright RK, Anderson AW, Volkmar F, Skudlar-

ski P, Lacadie C, Cohen DJ, Gore JC. Abnormal ventral temporal cortical activity

during face discrimination among individuals with autism and Asperger syndrome.

Arch Gen Psychiatry. 2000;57(4):331-340.

11. Piggot J, Kwon H, Mobbs D, Blasey C, Lotspeich L, Menon V, Bookheimer S,
Reiss AL. Emotional attribution in high-functioning individuals with autistic spec-
trum disorder: a functional imaging study. J Am Acad Child Adolesc Psychiatry.
2004;43(4):473-480.

12. Wang AT, Lee SS, Sigman M, Dapretto M. Reading affect in the face and voice: neu-
ral correlates of interpreting communicative intent in children and adolescents with
autism spectrum disorders. Arch Gen Psychiatry. 2007,64(6):698-708.

. Pierce K, Haist F, Sedaghat F, Courchesne E. The brain response to personally

familiar faces in autism: findings of fusiform activity and beyond. Brain. 2004;

127(pt 12):2703-2716.

Pierce K, Redcay E. Fusiform function in children with an autism spectrum dis-

order is a matter of “who”. Biol Psychiatry. 2008;64(7):552-560.

15. Dalton KM, Nacewicz BM, Johnstone T, Schaefer HS, Gernsbacher MA, Gold-

smith HH, Alexander AL, Davidson RJ. Gaze fixation and the neural circuitry of

face processing in autism. Nat Neurosci. 2005;8(4):519-526.

DiCicco-Bloom E, Lord C, Zwaigenbaum L, Courchesne E, Dager SR, Schmitz C,

Schultz RT, Crawley J, Young LJ. The developmental neurobiology of autism spec-

trum disorder. J Neurosci. 2006;26(26):6897-6906.

17. van Kooten IA, Palmen SJ, von Cappeln P, Steinbusch HW, Korr H, Heinsen H,
Hof PR, van Engeland H, Schmitz C. Neurons in the fusiform gyrus are fewer
and smaller in autism. Brain. 2008;131(pt 4):987-999.

. Robertson RT, Gallardo KA, Claytor KJ, Ha DH, Ku KH, Yu BP, Lauterborn JC,

Wiley RG, Yu J, Gall CM, Leslie FM. Neonatal treatment with 192 igG-saporin

produces long-term forebrain cholinergic deficits and reduces dendritic branch-

ing and spine density of neocortical pyramidal neurons. Cereb Cortex. 1998;

8(2):142-155.

Gu Q. Neuromodulatory transmitter systems in the cortex and their role in cor-

tical plasticity. Neuroscience. 2002;111(4):815-835.

Rosier AM, Cornette L, Dupont P, Bormans G, Mortelmans L, Orban GA. Re-

gional brain activity during shape recognition impaired by a scopolamine chal-

lenge to encoding. Fur J Neurosci. 1999;11(10):3701-3714.

21. Schon K, Atri A, Hasselmo ME, Tricarico MD, LoPresti ML, Stern CE. Scopola-

mine reduces persistent activity related to long-term encoding in the parahip-

pocampal gyrus during delayed maiching in humans. J Neurosci. 2005;25

(40):9112-9123,

Sperling R, Greve D, Dale A, Killiany R, Holmes J, Rosas HD, Cocchiarella A, Firth

P, Rosen B, Lake S, Lange N, Routledge C, Albert M. Functional MR! detection

of pharmacologically induced memory impairment. Proc Nat! Acad Sci U S A.

2002;99(1):455-460.

Thiel CM, Henson RN, Dolan RJ. Scopalamine but not lorazepam modulates face rep-

etition priming: apsychopharmacological fMRI study. Neuropsychopharmacology.

2002;27(2):282-292.

Bentley P, Vuilleumier P, Thiel CM, Driver J, Dolan RJ. Cholinergic enhancement

10.

14.

16.

19.

20.

22.

23.

24,

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 68 (NO. 3), MAR 2011

312

WWW. ARCHGENPSYCHIATRY.COM

Downloaded from www.archgenpsychiatry.com at Hamamatsu Med U (D), on May 10, 2011
©2011 American Medical Association. All rights reserved.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

modulates neural correlates of selective attention and emotional processing.
Neuroimage. 2003;20(1):58-70.

Bohnen NI, Frey KA. Imaging of cholinergic and monoaminergic neurochemical
changes in neurodegenerative disorders. Mol Imaging Biol. 2007;9(4):243-
257.

irie T, Fukushi K, Akimoto Y, Tamagami H, Nozaki T. Design and evaluation of
radioactive acetyicholine analogs for mapping brain acetylcholinesterase (AchE)
in vivo. Nucl Med Biol. 1994;21(6):801-808.

lyo M, Namba H, Fukushi K, Shinotoh H, Nagatsuka S, Suhara T, Sudo Y, Suzuki
K, Irie T. Measurement of acetylcholinesterase by positron emission tomogra-
phy in the brains of heaithy controls and patients with Alzheimer’s disease. Lancet.
1997,349(9068):1805-1809.

Perry EK, Lee ML, Martin-Ruiz GM, Court JA, Volsen SG, Merrit J, Folly E, Iversen
PE, Bauman ML, Perry RH, Wenk GL. Cholinergic activity in autism: abnormaii-
ties in the cerebral cortex and basal forebrain. Am J Psychiatry. 2001;158(7):
1058-1066.

American Psychiatric Association. User's Guide for the Structured Clinical In-
terview for DSM-1V Axis | Disorders SCID-I: Glinician Version. Washington, DC:
American Psychiatric Press; 1997.

Lord G, Risi S, Lambrecht L, Cook EH Jr, Leventhal BL, DiLavore PC, Pickles A,
Rutter M. The autism diagnostic observation schedule-generic: a standard mea-
sure of social and communication deficits associated with the spectrum of autism.
J Autism Dev Disord. 2000;30(3):205-223.

Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised
version of a diagnostic interview for caregivers of individuals with possible per-
vasive developmental disorders. J Autism Dev Disord. 1994;24(5):659-685.
Nakamura K, Sekine Y, Ouchi Y, Tsujii M, Yoshikawa E, Futatsubashi M, Tsuchiya
KJ, Sugihara G, Iwata Y, Suzuki K, Matsuzaki H, Suda S, Sugiyvama T, Takei N,
Mori N. Brain serotonin and dopamine transporter bindings in adults with high-
functioning autism. Arch Gen Psychiatry. 2010;67(1):59-68.

Sekine Y, Quchi Y, Takei N, Yoshikawa E, Nakamura K, Futatsubashi M, Okada
H, Minabe Y, Suzuki K, Iwata Y, Tsuchiya KJ, Tsukada H, lyo M, Mori N.
Brain serotonin transporter density and aggression in abstinent methamphet-
amine abusers. Arch Gen Psychiatry. 2006;63(1):90-100.

Herholz K, Lercher M, Wienhard K, Bauer B, Lenz O, Heiss WD. PET measure-
ment of cerebral acetylcholine esterase activity without blood sampling. Eur J
Nucl Med. 2001;28(4):472-477.

Nagatsuka Si S, Fukushi K,-Shinotoh H, Namba H, lyo M, Tanaka N, Actsuka A,
OtaT, Tanada S, Irie T. Kinetic analysis of [(*"C]MP4A using a high-radioactivity
brain region that represents an integrated input function for measurement of ce-
rebral acetylcholinesterase activity without arterial blood sampling. J Cereb Blood
Flow Metab. 2001;21(11):1354-1366.

Casanova R, Srikanth R, Baer A, Laurienti PJ, Burdette JH, Hayasaka S, Flowers
L, Wood F, Maidjian JA. Biclogical parametric mapping: a statistical toolbox for
multimodality brain image analysis. Neuroimage. 2007;34(1):137-143.
Tzourio-Mazoyer N, Landeau B, Papathanassiou D, Crivello F, Etard O, Delcroix
N, Mazoyer B, Joliot M. Automated anatomical labeling of activations in SPM
using a macroscopic anatomical parcellation of the MNI MRI single-subject brain.
Neuroimage. 2002;15(1):273-289.

Heckers S, Geula C, Mesulam MM. Acetylcholinesterase-rich pyramidal neu-
rons in Alzheimer's disease. Neurobiol Aging. 1992;13(4):455-460.

Mesulam MM, Geula C. Acetylcholinesterase-rich neurons of the human cere-
bral cortex: cytoarchitectonic and ontogenetic patterns of distribution. J Comp
Neurol. 1991;306(2):193-220.

Hutsler JJ, Gazzaniga MS. Acetylcholinesterase staining in human auditory and
language cortices: regional variation of structural features. Cereb Cortex. 1996;
6(2):260-270.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

Mesulam MM. The cholinergic innervation of the human cerebral cortex. Prog
Brain Res. 2004;145:67-78.

Selden NR, Gitelman DR, Salamon-Murayama N, Parrish TB, Mesulam MM.
Trajectories of cholinergic pathways within the cerebral hemispheres of the hu-
man brain. Brain. 1998;121(pt 12):2249-2257.

Baron-Cohen S, Jolliffe T, Mortimore G, Robertson M. Another advanced test of -
theory of mind: evidence from very high functioning adults with autism or as-
perger syndrome. J Child Psychol Psychiatry. 1997;38(7):813-822.

Nacewicz BM, Dalton KM, Johnstone T, Long MT, McAutiff EM, Oakes TR, Al-
exander AL, Davidson RJ. Amygdala volume and nonverbal social impairment
in adolescent and adult males with autism. Arch Gen Psychiatry. 2006;63(12):
1417-1428.

Kleinhans NM, Richards T, Sterling L, Stegbauer KC, Mahurin R, Johnson LC,
Greenson J, Dawson G, Aylward E. Abnormal functional connectivity in autism
spectrum disorders during face processing. Brain. 2008;131(pt 4):1000-1012.
Krnjevié K, Silver A. A histachemica! study of cholinergic fibres in the cerebral
cortex. J Anat. 1965;99(pt 4):711-759.

Levey Al, Wainer BH, Rye DB, Mufson EJ, Mesulam MM. Choline acetyltransferase-
immunoreactive neurons intrinsic to rodent cortex and distinction from acetyl-
cholinesterase-pasitive neurons. Neuroscience. 1984;13(2):341-353.
McCormick DA, Williamson A. Convergence and divergence of neurotransmitter
action in human. cerebral cortex. Proc Nat!/ Acad Sci U S A. 1989;86(20):8098-
8102.

Mesulam MM, Rosen AD, Mufson EJ. Regional variations in cortical cholinergic
innervation: chemoarchitectonics of acetylcholinesterase-containing fibers in the
macaque brain. Brain Res. 1984;311(2):245-258.

Mrzljak L, Levey Al, Goldman-Rakic PS. Association of m1 and m2 muscarinic
receptor proteins with asymmetric synapses in the primate cerebral cortex: mor-
phological evidence for cholinergic modulation of excitatory neurotransmission.
Proc Natl Acad Sci U S A. 1993;90(11):5194-5198.

Schréder H, Zilles K, Luiten PGM, Strosberg AD. Immunocytochemical visual-
ization of muscarinic cholinoceptors in the human cerebral cortex. Brain Res.
1990;514(2):249-258.

Hohmann CF, Kwiterovich KK, Oster-Granite ML, Coyle JT. Newborn basal fore-
brain lesions disrupt cortical cytodifferentiation as visualized by rapid Golgi staining.
Cereb Cortex. 1991;1(2):143-157.

Siciliano R, Fontanesi G, Casamenti F, Berardi N, Bagnoli P, Domenici L. Post-
natal development of functional properties of visual cortical cells in rats with ex-
citotoxic lesions of basal forebrain cholinergic neurons. Vis Neurosci. 1997;
14(1):111-123.

. Kuczewski N, Aztiria E, Gautam D, Wess J, Domenici L. Acetylcholine modulates

cortical synaptic transmission via different muscarinic receptors, as studied with
receptor knockout mice. J Physiol. 2005;566(pt 3):907-919.

Leroy C, Comtat C, Trébossen R, Syrota A, Martinot JL, Ribeiro MJ. Assess-
ment of "C-PE2] binding to the neuronal dopamine transporter in humans with
the high-spatial-resolution PET scanner HRRT. J Nuc/ Med. 2007;48(4):538-
546.

Ouchi Y, Yoshikawa E, Sekine Y, Futatsubashi M, Kanno T, Ogusu T, Torizuka T.
Microglial activation and dopamine terminal loss in early Parkinson’s disease.
Ann Neurol. 2005;57(2):168-175.

Dziobek I, Bahnemann M, Convit A, Heekeren HR. The role of the fusiform-
amygdala system in the pathophysiology of autism. Arch Gen Psychiatry. 2010;
67(4):397-405.

Chételat G, Desgranges B, Landeau B, Mézenge F, Poline JB, de la Sayette V,
Viader F, Eustache F, Baron JC. Direct voxel-based comparison between grey
matter hypometabolism and atrophy in Alzheimer’s disease. Brain. 2008;131
(pt 1):60-71.

(REPRINTED) ARCH GEN PSYCHIATRY/VOL 68 (NO. 3), MAR 2011

313

WWW.ARCHGENPSYCHIATRY.COM

Downloaded from www.archgenpsychiatry.com at Hamamatsu Med U (D), on May 10, 2011
©2011 American Medical Association. All rights reserved.



60.

61.

62.

63.

64.

65.

66.

67.

68.

stress disorder: do men and women show differences in the lifespan distribu-
tion of the disorder? Ann Gen Psychiatry. 2010,9:32.

Holbrook TL, Hoyt DB, Stein MB, Sieber W.J. Gender differences in long-term
posttraumatic stress disorder outcomes after major trauma: women are at higher
risk of adverse outcomes than men. J Trauma. 2002;53(5):882-888.

Adler AB, Huffman AH, Bliese PD, Castro CA. The impact of deployment length
and experience on the well-being of male and female soldiers. J Occup Health
Psychol. 2005;10(2):121-137.

Creamer M, Carboon |, Forbes AB, McKenzie DP, McFarlane AC, Kelsall HL, Sim
MR. Psychiatric disorder and separation from military service: a 10-year retro-
spective study. Am J Psychiatry. 2006;163(4):733-734.

Reger MA, Gahm GA, Swanson RD, Duma SJ. Association between number of
deployments to Iraq and mental health screening outcomes in US Army soldiers.
J Clin Psychiatry. 2009;70(9):1266-1272.

Shen YC, Arkes J, Pilgrim J. The effects of deployment intensity on post-
traumatic stress disorder: 2002-2006. Mil Med. 2009;174(3):217-223.

US Department of Defense. Military casualty information. Statistical Informa-
tion Analysis Division Web site. http:/siadapp.dmdc.osd.mil/personnel/CASUALTY
/castop.htm. Accessed May 20, 2009.

Chretien J-P, Chu LK, Smith TC, Smith B, Ryan MAK; Millennium Cohort Study Team.
Demographic and occupational predictors of early response to a mailed invitation
to enroll in a longitudinal health study. BMC Med Res Methodol. 2007;7:6.
LeardMann GA, Smith B, Smith TC, Wells TS, Ryan MAK; Millennium Cohort Study
Team. Smallpox vaccination: comparison of self-reported and electronic vaccine
records in the Millennium Cohort Study. Hum Vaccin. 2007;3(6):245-251.

Riddle JR, Smith TC, Smith B, Corbeil TE, Engel CC, Wells TS, Hoge CW, Adkins
J, Zamorski M, Blazer D; for the Millennium Cohort Study Team. Millennium Co-

69.
70.

71.
72.
73.
74.

75.

Correction

Error in Figure Citations and Legend. In the Original
Article “Reduced Acetylcholinesterase Activity in the
Fusiform Gyrus in Adults With Autism Spectrum Dis-
orders” by Suzuki et al, published in the March 2011 is-
sue of the Archives (2011;68(3):306-313), some figure
citations and some parts of the legend are incorrect.
Though the first figure citations (those in boldface) are
correct, all subsequent ones are incorrect. Thus, Figure
1 should be Figure 2 and Figure 2 should be Figure 1 in
these citations. Also, in the legend of Figure 1, lines 11
and 12, (A) and (B) should be (B) and (C), respectively.
The Suzuki et al article was corrected online.

hort: the 2001-2003 baseline prevalence of mental disorders in the U.S. military.
J Clin Epidemiol. 2007;60(2):192-201.

Smith B, Leard CA, Smith TC, Reed RJ, Ryan MAK; Millennium Gohort Study
Team. Anthrax vaccination in the Millennium Cohort: validation and measures
of health. Am J Prev Med. 2007;32(4):347-353.

Smith B, Smith TC, Gray GC, Ryan MAK; Millennium Cohort Study Team. When
epidemiology meets the Internet: Web-based surveys in the Millennium Cohort
Study. Am J Epidemiol. 2007;166(11):1345-1354.

Smith B, Wingard DL, Ryan MAK, Macera CA, Patterson TL, Slymen DJ. U.S.
military deployment during 2001-2006: comparison of subjective and objective
data sources in a large prospective health study. Ann Epidemiol. 2007;17(12):
976-982.

Smith TC, Jacobson IG, Smith B, Hooper T1, Ryan MAK; Millennium Cohort Study
Team. The occupational role of women in military service: validation of occupa-
tion and prevalence of exposures in the Millennium Cohort Study. /nt J Environ
Health Res. 2007;17(4):271-284. '
Smith TC, Zamorski M, Smith B, Riddle JR, Leardmann CA, Wells TS, Engel CC,
Hoge CW, Adkins J, Blaze D; Millennium Cohort Study Team. The physical and
mental health of a large military cohort: baseline functional health status of the
Millennium Cohort. BMC Public Health. 2007;7:340.

Wells TS, Jacobson IG, Smith TC, Spooner CN, Smith B, Reed RdJ, Amoroso PJ,
Ryan MAK; Millennium Cohort Study Team. Prior health care utilization as a po-
tential determinant of enrollment in a 21-year prospective study, the Millennium
Cohort Study. Eur J Epidemiol. 2008;23(2):79-87.

Hoge CW, Castro CA, Messer SC, McGurk D, Cotting DI, Koffman RL. Combat
duty in lrag and Afghanistan, mental health problems, and barriers to care.
N Engl J Med. 2004;351(1):13-22.

ARCH GEN PSYCHIATRY/VOL 68 (NO. 5), MAY 2011

504

WWW.ARCHGENPSYCHIATRY.COM

Downloaded from www.archgenpsychiatry.com at Hamamatsu Med U (D), on May 10, 2011
©2011 American Medical Association. All rights reserved.



—aE

Summary

— Adult ADHDV self; report sc‘ale screener
(ASRS- screener)Bﬁléﬁ@ﬁﬁkjmt—

AL B,

- "“"-EE'-E 4)

Adult ADHD self report scale-screener (ASRS-
screener) EHWT, BEEEMRTND 18K » 5 49
RNBEL 10,000 AEHRE L TEEREET- 1.
ZDORER, 3910 /8L SRAEHAFESh, BRI

39.1% TdH - 7=
‘screening ICH W TR L & ),
WS BEMERF L b o 7.
T, Sl hBEroLBET L
FRRIEIER, FIEE, BE #E%0

DREFRE, BROFE BE1ETOMIEPX
POZADERBIIBEWTHEEF#LO5N, WThO
BRBIZDO\WTH, BUEBOAYEZICRENGEHY

H#5hi.

Fov—F:

REBHED S 51968 D
H N ADHD D &
C OSSR CRMERIC OV
I3, &5l

BEIEN, BRE

adult attention deficit”hyperactivity

disorder, adult ADHD self report
scale-screener (ASRS-screener),

epidemiology, screening

1) RERAZE - &RK%E -
7R

2) IEREMAZEFELDOI I ADOREWNE LY ¥ —

3) IERERKEEMHRESEHER

4) ERTIRAREREE Y 5 —

5) HRAFHEAMEES

EIER RS EERFE B NR S

KFEE 2,
SOKBERR 12, HEHER 29,

FIRFE P, frakiEi?,

# Ik L2Y

I. 85 =
FEEXN ZEEREEL, 1960 £48 12 Bl E
% JiE % # (minimal brain damage syndrome :
MBD) &M:HEN Tz, ZHISEIEGIEDITENE
B LT, HREEHE BLEXORS, HEHE,
FERENE, Lol shl% R LROBMZES
DHRREHRERICEELAETZ D0 L, BELMED
FENEEL 20T, Fik, & FTEXHETIH
BReNI %8 7% ) LARE L7z 1962 4512 (350 72 B
BBEOHFELEBNIFENAT 5 2 E0EEEE S &
AR SIERE L BRSNS T2F
U, SEAEIL DT &b % hyperactive child
syndrome EMER L ) IX R o7 (S, 2008).
PRRBVERSE 2 L ZEIZREICRo TR Y, FE
HICIEEICBRT 5L, 1970 ERFZFTIEEL
bNTWiz ZOE Wender 3 FEBND 5125
BEREE LB S NI2KAD 28— VIR ITV A
7z, 1987 £ DSM-IILR (7 X ) W EZEEDT K
EE) IBWTSEHTEEIEEXRG, ZEh1tE
(attention-deficit / hyperactivity disorder :
ADHD) &E#R S N7z LA L&A S DSM-IIR
TN OEEXN, SEEEEIERE LTE
INehorz (Ader, 2008). REIZLEHESE
DFRZIIN T HHESTbN:. FERHECOFHE
BFZEid, RMRENFRT A 2L x— IRl Tw

FELOIZIALINDEE Vol3 Nol 2012 23



&
D%

B, FHOEEHEY—iE, BREHOER %
LEEZOLRILEFHOEENFRTLIZLE, &
25% I KASHAITEINRET HZ L ThHbH. £EE
BERA LTS, S8, £FHOERIEEL, Kit
ESNEEE, EYRKEZ L VECHFLETS. &
ERBICE LTI, RALLTEEIRIZ, KALD
LD LBESRBE CTEROTELD S Y, FRiE
KR, FNRBRTOBRENAIETHS (Klein &

Mannuzza, 1991). £ LT, FEH O ADHD id5

BSHERZENCET AGHECOMBENETH 525,
AR O ADHD (ZRIEA L HICINAS A EN A 5
T ENEMBTHS. FZIE, BHEEIICBNTD

WgE s 2Ry, ERIEOARMBEROAEY S, HF

DFEOY ) ZFNR NI L, BRRE R ENSEE
FRHEOHRTREL, WEOLDHEIZD(TE
%5, ZLTCETEITMHFCHTIRES ST L
TREHICODEALZ LI B, EH5ITHAM
ADHD idHEig##ez L3 {, EEEM%EE I

ST, RELOMBEZHL 5 LAS (Stein,

2008).
Bk TORAR ADHD OB REIZ 4% FEE L &
NTEH (Kessler &, 2009), A IZBNTDH

RLUTHZEETIIRY. 02 Ehb, EETIIL,

ADHD R REHOADMETIE 2, HEZEL

7eRIEE W) RBES—RIELD2H B, ZD LI,

PR CTIZIBEIZ T TR L, BARIO ADHD 3 iE
Bah, BRZ2HRVPERSINODOH 5.

L2LZAL, bPAEIIXBSBWTIE, BKAH
ADHD IZEA L Tw 21X, BRROIHMEIBASINT
WABIZTER. FO7%, AR ADHD 25& D
IO A RTMAE Vo2 EIRBREICIZENT
BoY, BRI TORBIZELHHIE N,

Z 2T, KRBFZETIE, FCROWZE & BT REZ 3]
HTORAN ADHD OESMEL £ L2 &2
TlE, ZDRED screening fﬁﬁ@%%%ﬁ*ﬁ L,
screening 2B WM & % o - ARG E O
WZDOWTHLPIZT S,

24 FELDIIALBDEE Vol3 Nol 2012

I. 73 &

1. BEBHE :

HEERT AL 7 4 — 0V FE Lz E\ERTIR,
ANOH S TFADOBFRERT TH Y, FEEEH
TEEERR, 4 — MNA, HEELR, MifEr o
EERLE LT, BE B &ahA, HFib), A
¥ (5, IRELRE) BBEAGET TH S, A
ETIE, IERTHICERET S 1I8SE,L VKT TOR
LoHFH S, HWEHIZ 10000 AzHE L, AL
KHL L OB, 3RAADODF T E L
UCHEBDPS 16D V—T%2ERL, K7V —TD
N EREARBROANOHE D2 b LICEH L.

2. AERE
(1) FEF9749257—%

TR, s (1825 49 % SHANA T8 X7
IZUL72), B (X)), FEMEH, SISE B
3T DA FHEIL (200 7K~ 1000 T LA E % 5 &
B o 72b D& [Frbwv]) DTHETSH 5.
(2) adult ADHD self report scale-screener

(ASRS-screener)

ASRS-screener 1%, Kessler & (2005) 12 & o T,
WHO OREL LTHEShZbOTHY, HE%
EUELOFREICHEHRINTBY, BETHERT S
CENTELRETHA. DSM-VOZ T EE A
IZHER L Z-AED 6 HE ORI NS, SREH
BEDOBEE6» AR E), LOREDHETE
NENOEHB IR S NTHEREEERL T s i
S5ERE 0~45) THEETHIEATHS.

screener (3, JHE Z L (CHE L L DZHEENRE
SNTEY, RELZEZTCVWHIHERZMEL T
screening 55 % 8§ 5. screening 5 A1E0~6
HOM%ELE. FRNAy M TETHS 4 HUE
THhiE, WA ADHD O TS D, & 51
MM ERTOLENH S EETRKET S, Bk
BICIE, HEH 1 ~3F T, £hth, Kie, HE
FEHBELVWIRIETHIGEIZEDHE T~
ML, HH 4~ 6D%AE, 5EE, FFIHEELY



IEETHLIGRIZEDEE T M THI LI
5. Bz, EH1IC B4 HHE 22 [4E%],
HE3IZ K4, HBE 412 [Dozizhkw], HE

i [&< 2w, HH 6 S & i Ba,

ADOHNFEHUT H I L1274 D, screener 2 B 1
(positive) &HIWFSNABZ LIZ% 5.
(3) BEICO>VTHERHEE

WL TWAIRKAOTESE (EHRL), il & vE
DIRW, #EBE 1 FHTORAERL ANV A (4 B
R, MARANLVAOHNED 6IEE R AT

3. FHi& M

DEORENETZRB L -AERKEIERL, A
ERNFEOHEICHEL 2. B, ERERKE
MPITo 7z, FEIE, 200101 25 3 F0HEIC
1To7-.

4. RIEBENDOER
FAERARKICAEDOBELCABRIZDOWT T4 ICHHA
Lz, 1 74+4—2aFartey MIE
BL7: F7:, AFAZIERTEHMETERLL, B
SNZEIEITRED BN CIIERES, Homl

A ADHD R OHERIIFEHR S NLF DR L 7.

S50, AERHBCREELBTT L2010, 72
FHEROWME L BRI ERT 52 L bEHL
7o B, AHEICBIT DT — YR, AFEIIOW

TIHERERREREZRRORR LB UThR L.

o #% %

1. REBHEOAK

10000 A% EAEAME L CEAZHESRED )
L B EBLONADIE390%THo/. Lz
HoT, EINEIZI91%TH 5.

2. BEORRMDOHESS
BAROREE TR T 5720, AENREOHE
MTHHERTIZBT HEROE G EERIZBITS

HAEICBIT DA ADHD OEZFRAE

£1 MIC L OREHRER L ERONR & LK
L BEE B xfon e
5 166940 1655

1382 *** 02
(519 (424) Q)
% 154651 2244
(48.1) (576)
&5t 321591 3809
(100) (100)
LB BB, TE: (%)
***p < 001

HHOEEDLE*ITo 72 (E). B, FEilE
MICRBEOALNIZEN 1L B0, FD11 4
IO L. ZokR BERTEEED
ALY SEEPETFLDIIH LT, ERT
BEDEENHEL, KEOAVPBEHELY) AR
ol (x2 (1) =1382 (p<001). oz
Nh, KR TEHONTF— 5k, BEFOADE
ELUNTEEDEETET ST -5 THL LW
25,

WIZ, FlEE LUBERICOWT, BEMB
IFREIE EBERIIBITAEAEDOE S, BT LI
To7: (R2). CZOHKRE, EFHHIIOVWTIE, B
by EVEEL R, BERMEERTIIE
W OEBICENH o712, EOERTICB W THE
B OEPRKECDERETT 5 DI FRESHT
iTorzb A, BUHTIZ2 ~25%E 26 ~ 29 7%
WKBWTERDEED/NEL, 46 ~49FIZBVT
EBROEENWREPo72, HETIE, 18~ 21w
2~2BRKIZBVWTEROEAENNE L,
38~ 41k L 46 ~ 49 RIZBVTERDEESIK X
WEWIHRTHo. 720, x*EXF—5H#
BENT LI Lo TEMAEEDR) TOEE L,
LUEAD D 5B 720, FETHICBIT 5 BER L ERE
DFNITENIETIEBR 2 SO TIE R, EBIZ, B
e b ZERTOEEIIHIEIZRo TWABbIF Tl
%<, ERERHO DELBD TIEVLDTH o7
(¢ = 02).

FRRICBEXICOWT LB LT L ICoEiTo 2
LA, BUTE Y EFEEEZLT, BERD
FEICBWTHER EERIZEEN Loz, K

FELDIZALMMD3EIE Vol3 Nol 2012 25



£2 M- EWBLSLOMF - BER S EOBRETRER EEEONR MRS LR

e Ak BEE @A mEsn SER 8
R 18-21 7% 16698 155 15804 180 32502 335

(100) (94) n.s. (10.2) (8.0) I (10.1) (8.6)

22-25 %, 18317 135 17024 194 35341 329
(11.0) (82) Iyt (11.0) 87 L (11.0) (85)

26-29 % 20186 159 18262 256 38448 415
(12.1) (9.6) I (11.8) (114) n.s. (12.0) (10.7)

30-33 %% 23569 224 21814 302 45383 526
(14.1) (136) 1.5. (141 (135) n.s. (14.1) (135)
34-37 #% 24366 251 22611 356 46977 607
(14.6) (15.2) 7.5. (14.6) (159) n.s. (146) (156)
3841 8% 22938 243 21120 342 44058 585
(13.7) (147 7.8, (137) (15.3) 1 (137 (15.0)
4245 % 20920 225 19221 294 40141 519
(125) (136) n.s. (124) (13.1) n.s. (12.5) (13.3)
46-49 7% 19946 260 18795 315 38741 575
(119) (15.7) Tt (12.2) (141 11 (12.0) (14.8)
A& 166940 1652 154651 2239 321591 3891
(100) (100) (100) (100) (100) (100)
x2dn 436(7)*** 364(7)***
¢ 02 02

BEEX HX 122757 485 122196 703 244953 1188
(30.7) (29.3) .. (30.2) (314) n.s. (305) (305)

X 62910 264 62833 360 125743 624
(157) (16.0) 7.5, (15.5) (16.1) 7.8 (156) (16.0)

X 51734 216 51508 266 103242 482
(129) (13.1) .5. (12.7) . (11.9) n.s. (12.8) (124)

X 54303 250 - 55603 329 109906 579
(136) (15.1) n.s. (138) (14.7) 7.s. (13.7) (14.9)

X 46984 189 | 48846 274 95830 463
(11.8) (114) 7.5. (12.1) (122) n.s. (119) (119)

EEX 42996 178 43842 248 86838 426
(10.8) (108) 1.5, (10.8) (11D 7n.s. (10.8) (109)

REX 18020 73 19500 62 37520 135
(45) (4.4) 7.5, (4.8) (2.8) ! @47 (35)

AFt 399704 1655 404328 2242 804032 3897
(100) (100) (100) (100) (100) (100)

x2df 41(6) 7.5. 238(6)**
) 00 01

EEEBRN), TE: (%)

*Hxp <001, **p <01

t EAOEBPBERADAORML EOCHFERI DO REVWI L2 EKRT 5,
| EROERFBEADALBICL EOLHEEHL D OISV L2 EKRT 5.

T, EVrEELRY), BEREERIZENA BOWTLBEAI L OBELED EALNT, EHE
LT, BRESTOBER, REXORIBWTER 128 DEDBDT/HAENVEDTHo7 (¢ = .00).
DEBFFEROEGOHEEHRL Y IEEILE ZORERNL, KR THOMMRET HT— 51,
Molz. KL, EWFORS LA, BERXI B W TIIBER & LB L CREOE & ET

26 FELDIIALRDEE Vol3 No.l 2012



(1) MEEFS CbroT, WEMEZRE)BL-OI,

HETE2OFRELZ 72T LD, EOKDVDEETH Y F Lz,

#3 HWEBSIEDASRS-screener NOEIE & £1HH Dscrreening B M ED AR

REOHMEIEOT 941 1907 872 127 30 3877 1029

BHAEICSIT 2 AR ADHD OEFEE

L EREBAOEEZ . ogmmp
i Bkl : gm0 soreening
CBCBL AL B4 UARADARA Stx BEREE

(243) (492) (225) (33) (0.8) (1000 (265)

(2) HEMTET2HAFLTIBRI, FELEFLITCIONEER /2L 1016 1802 861 166 41 3836 1068

B, EDLLVOEETH) £ Lz

B HRPLHEEZEN I LW, EOLLVOEETH ) T LAh

(261) (464) (2220 (43) (1) (100) (275)

914 1960 889 100 29 3892 1018
(235) (504) (228) (26) (07 (100) (262)

@) Lok DEZRITNE RO WEENHBBIZ, 2OMEECH »2»50% 690 1544 1321 266 66 3887 332
BTN BLELELIZY LIz LW, EDSLVOEETHY Lok (178) (397) (340) (68) (L7  (100) (85)

(6) BRI T2z b2 vIfs, FREETNEGZZ LA 1641 1423 616 163 47 3890 210

DUL7ZEd, EDKLWDHEETH ) £ L7k

(422) (366) (158) (4.2) (1.2) (1000 (54)

(6) THTE—F—LHPINTWVE LI, BELESNZ o720, AHL%e 1855 1309 550 135 41 - 3890 176
FREE W) EECERL N2 ) Lo Lad, EDLLWOEETH ) E Las. (477) (337) (141) (35) (1) (100)  (45)

VEECEE TR (%)

ER—V Fid, screening DERIZEAIZEDF v 7 &H Y M HEFT

ZWHOD, EFEBLIUBERICBVWTIE, B4
MEIZIFRETLF—FE LTI ENTES,

3. ASRS-screener DfEH

¥9, ASRSscreener SRE L L TOEREL®AE
LT REds7-010, KEEOMEDS
Cronbach @ a ¥ EEH L7z, ZOKE, a =77
THUY, Kessler 5 (2005) &EAEIC, 6HE & w
I HBHA L WEHBBZSOMEL ) AHESELN
7. £ o T, RBFIZBWTS, ASRSscreener it
AREBESHELE V) ETOEBEELHA TWE I Laf
BS 207z, 2T, ASRS-screener DS %
47t L7 ASRS-screener REH R & FDOFHHE%
Bl an, FHiE=6185 (SD =356) T
Hol.

W12, ASRSscreener ~D R &, £HE O

screening ¥/ Lo HEOER YR 3IIR L.

Biak L72& 912, ASRS-screener i3, HHIZX T
£7: 5 screening ZHEXFRE L TV 5,
BREBDEELZHZL-EONBIZEET S &,
ARFETIE, HE (D~@) I2BWTE, wind
1000 ALLE (262%~ 275%) THotz. —7F, H
B 4)~(6) DXxELH LB IFNEFN, 332
% (85%), 210% (54%), 176 % (45%) THo

®4 REBHEODscreening FREREELZH L LEDER (%)
| ASRS Dscresening @ALR) | EE(L) . (8)
0 932
1 903
2 573
3 306
4 132
5
6

51
13
&Ft 3910
screening FEH¥EZ /T E 196

7z.

BRAEHIIEIZDOWT, ASRS-screener D &IEH
WERESIN-XELHL-LL- KT AL,
screening 1% 5= % E H L 72 ((4). screening ®
Ay b TEERDAETIEI2% (34%), 55
Tix51% (13%), 6 ATIE13% (03%) %4
LTw/ o<, v b+ 7E4HUETHD
screening FptE & % o2& 12196 % (50%) THo
7z,

4. screening fEtEE DR
screening I BV TEHEIC R o B OHE# B S

CTFEBDIIALEDIREE Vol3 Nol 2012 27



<

=TI
HpT

PCT B, TETT T4 v 77— REERE
HEILOWT, BHUHELBEEEO A LoRE
1Fo7z.

(1) ¥R, 4w, EiiikisR

TR, E#T B L B EHIE & screening £ £
(Bt Betk) & OBEXRET LIEREES IR
L7z, y*BREDHER, BBV T01%KETE
E, FEWHFICBVW T 1% KETEEL 2, 5
& EERRHET S screening (2B B Btk et & BEEADS
HDHTEIRBEIN. EHIZOWTIE, BHEILS
Mol FEEFICOWTIE, EOEBTFIZBVTA
BIICERALND P ERET 5D EGTT %
To/bZh, [22~25m] &, [26~291%] I

BOTHEEOEEFERICHFER L) B REL,

[46 ~ 49 %] I2BW T, ARSI VI EHH
Lotz Thbb, 20BAOLENEVE
CBWTIBERENS {, 0 BROMKUBER
BIZBWTEA BV EERIEL TV, B
DWW, yEIZEELLRLT, HENLNWT
L AR S L7z,

(2) #EIBEE, FIEHR, B, HFOLINRA
IR, KRR, BES L OCEHOSFIA
DWTHRBIHRE LR EER6 IR L. W
NICBWTD, yEXEELRD, RISE Fik
WS & B OATHIAI BV Tid 0.1%KET
BE BECBLTRI%KETERLLY, BiE
BHDH T EPRESNT:.

BESHOMERE, FREEBICBLTIE (0L VE

bLL & Tkl (Bl LH] ITBwTiE,

GHEOEESHRERLIVLE L, il (&
B7zRIF) EF] BTN EWT ERBHS R
ol TOZENL, BGEHRIZIEVEDEL LR
RAEmNE GRERHERE LBORERETD
LPEPEL, FEb (LKFE LESHLTWDRE
WHETH BEMEN T L AR SN, KEISHEIC B
W, [HRE] KB THBEREOEZEEICH
FEHLDDIAREL, I [BEE] BT/
Mol TOZENL, BEBRIEREETHHE
PEL, BIEE THLEIMENT EATRE I N7
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BEIZOWTIE, [#HTwa] & [ER] 2BV
THEFEOEEFHAFRERL ) BFEIZKEL,
[78=F - TWNA M & TEEFRF - ER] 128
WTIINZWVWZ EDPHLPII R o7z, ZDZ LI,
GHRETHHITEHO T ENERTH 2EIE L,
N=TF - TUNA PELTEHNTWD, HbH0IE
HIEL CERRPERE LTREICA>TWAZDT 5
EHPMENZ L RZRBL TS, HHFOAFHNAKD
Wi, (200 AR 2B THEEEDEED
BEICHSES L D S RE L, [700 ~ 1000 7 HE
W BTN EWZEDPHSN o/, 2D
Lid, BEHRICERBERNS , HBEIEVITE
DRIV RV L% FEELTWS,

(3) kil - BEEE, B EORBRE, BX—4MH
TORAER A LV, @B

OB - MEEE, BAEORBEIRE BE—EMT
OlgAER R b L AL L TERRTICOWT S FEE
WCHRET LR ER T IORL:. BEOEEREL
BE—EFEFTORAFERLA ML RIIBWT 2 EDS
01%KETHEEL 1, BRREIZBVTIE 5%K
THEEL R oI EPL, THLHoDEHLE
screening #&E 5% & OEIZEEERKE S . KB -
BEREICBWCIT 2 ETFEEE ST, &R
AN polz. BEREICOWTIE, BERICE
BELTWABANSWI LRI E N, BAEOHEE
KEEBEFEFTOMAERA b L RIZDWTIE
BEMTOKE [T VEETERV] & [EE
TR CEEEEOERVEEICHFERLD
bREL, [BETHL] TlI/hErorz. 2DZ
b, BGHBEIELVINERLZRKEBIZHL LKL
TWABZEWRBENT:. [LLho7z] IZBVT
HEBAEOEBIEEICFEERL VO RE2 o7
/2, BE—FHTOMUAERLA ML AT, [X£
Cholz] WBWTHEROERE BRI CHFERK
IDBKREL, [HFohedhotz] & [FTildo
2l BTN E Dot 2O LR, HHEREEZ
EMAFERA P LA EE T TWAHEEI»H S Z
b AN Y AWAR



HE

HAICBIF AR ADHD Dz

5 MR, E@E, BERICE T Bscreening BRIEE L BB LB
L Come AR ke mEe

31 e 1540 115 1655 o4 %" —

(41.6) (587 (42) (D
ZH 2163 81 2244
(584) (41.3) (58)
A8t 3703 196 3899
(100) (100) (100)
W 1821 & 312 23 335 ' 2200** n.s.
(84) 117 (9 (7
2225 %, 305 25 330 221t
(82) (128) (8)
2629 8 384 33 a7 285 1
(104) (16.8) (11)
30-33 7% 502 24 526 7n.5.
(136) (12.2) (13)
3437 % 578 30 608 n.s.
(156) (15.3) (16)
3841 &% 561 25 586 n.s.
(152) (128) (15)
4245 % 501 18 519 7.5.
(135) (9.2 (13)
46-49 % 558 18 576 -227 1
(15.1) (9.2) (15)
A&t 3701 196 3897
(100) (100) (100)
BEX X 1128 60 1188 3.38 n.s. n.s.
(304) (30.6) (30) (6)
KX 593 32 625 n.s.
(16.0) ~ (163) (16)
BX 462 23 485 7.S.
(125) (117 (12)
fiiie 551 30 581 n.s.
(149) (15.3) (15) '
deix 435 28 463 7n.s.
(11.7) (14.3) (12)
b X 411 15 426 7.s.
(11.1) 7.7 (11)
REX 127 8 135 ns.
’ (34) (41) 3)
A&t 3707 196 3903
(100) (100) (100)

BB EBN), TE: (%)

*Exp <001, **p <01

1BEEOEBSIFEHL ) IREVWI L2 ERT S,
| BHEEOERESTRERL D LA SWI L 2ERT S,
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BEAS (FIE)

2172

K6 FEIBRE, REEH, BZE, RAICSH T Bscreening BB LR BEORE
. L G m i

AN

‘2R

v '}‘("z,(gf);‘]; L mEAR

83 2255 24.18%** -444 |
(58.7) (426) (58) (5)
BE#E (RUIE) 112 6 118 7.5,
(3.0) (3.1 (3)
PN 1259 99 1358 478 1
(34.0) (50.8) (35)
esl 11 0 11 7.S.
(0.3) 0)
il 135 6 141 7.5,
(36) (31) 4)
[ 12 1 13 n.Ss.
(0.3) (0.5) (0)
&5t 3701 195 3896
(100) (100) (100)
KRR CEDESL 289 27 316 26.38*** 299 t
(78) (138) (8 )
KT D A 314 16 330 7.5.
' (85) 82) (€)]
Stz (Bhi-RE EH 700 57 757 351t
(189) (29.2) (19)
Btz (Bl R & F 1355 49 1404 -329 |
(36.6) (25.1) (36)
Bl kO TN 798 35 833 n.s.
(215) (179) (21)
F0fh 248 11 259 7.s.
(6.7) (56) (7)
3704 195 3399
(100) (100) (100)
e BOTW5 (FE) 1934 117 2051 2474 ** 203 1
(52.3) (59.7) (53) 6)
8=k - TNNA B 621 18 639 -280 !}
(16.8) (92) (16)
BE¥E 180 9 189 ns.
(49) (46) (5)
EHE 16 2 18 ns.
(04) (1.0$) )]
EEIR-EX 522 14 536 -276 )
(14.1) (7.1) (14)
T 149 15 164 246 1
(4.0) (7.7) 4)
EH 279 21 300 ns.
(75) (10.7) (8)
&&t 3701 196 3897
(100.0) (100.0) (100)
A (D 200 75 F sk 215 24 239 2358 *** 369 1
(6.8) (124) 6) ()
200 ~400 77 H ki 839 43 882 7.5.
(228) (223) (23)
400 ~700 77 H Kl 1341 64 1405 7.5.
(36.4) (332) (36)
700 ~1000 75 i 637 18 655 -290 !
(17.3) 93) 17)
1000 FHEE 295 19 314 n.s
(80) (98) 8)
bbb 360 25 385
(9.8) (130) (10)
&5t 3687 193 3880
(100) (100) (100)

EB BN, TE(% )

*Ep <001, **p <01
tBEEOEBSIEERL ) REVI E2EKRT B,
| BHEEOESMPIEERL ) bAEVWI L5 EKT 2,
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HEICBIT DM A# ADHD ORFHE

K7 BB BEERE, 1 FRATOMAEPZ MU X, REHRE, BERIKRICH T Bscreening (iR & BB LE
S e e B an o BEAH
iE, BEBE KEOA 1344 59 1403 6.16 n.s.

(364) (30.3) (36) (3)
LA O I 291 19 310
(79) 9 (8
BRIE & BRI )7 529 38 567
(14.3) (195) (15)
BRI - BLEIR L 1528 79 1607
(414) (405) (41)
At 3692 195 3887
(100) (100) (100)
1EHTO Follehol 58 1 59 8512 *** 7.s.
MAERA P L X 16) 05) 2) 3)
HEY otz 599 15 614 -318 }
(16.2) X)) (16)
FFiidot: 1648 41 1689 -646 |
(44.6) " (21.0) (43)
I Hot 1393 138 1531 922 1
(37.7) (70.8) (39)
& 3698 195 3803
(100) (100) (100) ,
fEEEIREE BETH S 2070 70 2140 81.66*** -552
(558) (35.7) (55) 3)
FHhEIHBERETHD 1427 89 1516 . n.s.
(385) (454) (39)
HEHREETLY 167 23 190 458 1
: (45) (117 (5)
BETIEZW 43 14 57 6.80 1
(12) (7.1) )
A%t 3707 196 3903
(100) (100) (100)
BRI BELTWA 852 58 910 471* —
(230) (29.7) (23) 1)
BELTWVZW 2853 137 2990
(77.0) (70.3) 77
£FF 3705 195 3900
(100) (100) (100

EB BN, TE: (%)

*EEH <001, *p <05

tBEEOEEIHRERL ) IREVI L ZEKT 2.
VBEEOBEBAMFERL VA S VI LR ERT S,
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