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Alimitation of this study is that the group of PDD participants was small, 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 1Q information was available, although because the average I1Q of the PDD
group participants was higher than 100 and no correlation was found between IQ and mind-reading performance, the
influence of 1Q 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-["'C]methyl-4-piperidyl acetate ([ C]MP4A),
regional cerebrocortical acetylcholinesterase activities were
estimated by relerence tissue—based linear least-squares
analysis and expressed in terms of the rate constant k;.
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-
ses revealed signilicantly 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 well as 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

UTISM SPECTRUM DISOR-
ders (ASD), comprising au-
tistic disorder, Asperger dis-
order, and pervasive
developmental disorder not

It is well recognized [rom functional
magnetic resonance imaging (IMR1D) stud-
ies that a specific region of the fusiform
gyrus called the fusiform face area (FFA)
is consistently active during face viewing

Author Affiliations are listed at
the end of this article.

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 signilicant
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.

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, delined by IMRI during face
viewing, may increase with age.” Most pre-
vious [MRI 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-
polunction, especially in the right hemisphere, that oc-
curs when children and adults with ASD view strangers’
faces, is the best-replicated IMRI 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 I11, total neuron numbers in lay-
ers 111, 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 [IMRI 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 [usiform 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'*!® 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 [''CIMP4A 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,
23.114.2] years; age range, 19-34 years) participated in this study.
Allof the participants were right-handed and had an intelligence
quotient greater than 70. Nene 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, neurocutanecus 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 [nterview-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,**** we performed 3-dimensional MR1
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 a 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 (RO 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/
%8Ga 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 [''CIMP4A 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 f{low, 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 k; 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-y! acetate (['"CIMP4A) k; 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 ['CIMP4A k; values in the fusiform gyrus and
social scores of the ADOS (B) and ADI-R (C) is shown. Values of ['"C]MP4A
ks in both the right and left fusiform gyrus were significantly and negatively
correlated with the Autism Diagnostic Observation Schedule (ADQS) 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 ocgipital
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 software (SPM5; Wellcome Depart-
ment of Cognitive Neurology, Institute of Neurology, Lon-
don, England). In the SPM analysis of [V C|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 perlormed with-
out proportional scaling of ks 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 [ CIMP4A
ks values and the severity of 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 [""CIMP4A 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 ROls 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 inlerior 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
ks) 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 ¢ 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 [''CIMP4A 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 fusilorm
gyrus, based on the results of the 2-way analysis of variance
(Figure 1A). In the laterality analysis, an unpaired ( 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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L mesuits

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 (¢=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 Ry, 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 significant reductions in [ C|MP4A k, values in
ventral portion ol the bilateral temporal lobes com-
pared with the control group (Figure 1B). There was no
voxel where [''CIMP4A 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 found that R, values did not differ significantly be-
tween the ASD and control groups, to exclude [urther a
possible adverse effect of the ["'C]MP4A 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<<.05, corrected).

We [urther 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<C.05, corrected). Figure 1E indicates a cluster
on the fusiform gyrus in which a significantly negative
correlation between the [M'C]MP4A ks 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 I Conirol (n = 20) ASD (n = 20)
Male:female, No. 14:6 14:6
Age,y 23.1(4.2)[19-32] 23.5(4.3)[18-33]
WAIS-IH, full 1Q 100.5 (19.4) {70-136] 91.6 (19.7) [70-140]
ADOS score

Social NA 8.6 (2.3) [5-13]

Communication NA 4.3(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]

G (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-HI, Wechsler Adult 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 [""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 [usilorm gyri in subjects with ASD were signilfi-
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 [usiform gyrus (eFigure 5; (=1.47, P= .15 for
the right; t=1.66, P= .10 for the left). Analysis of covari-
ance showed that dilferences 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 [M'CIMP4A
k; 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 [or the left)
(Figure 2B for ADOS and Figure 2C for ADI-R). No cor-
relation was found between ["'CIMP4A 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, D and
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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Figure 2. Results of the whole-brain voxel-based statistical parametric mapping analysis of the A-["*C]methylpiperidin-4-yi acetate ([''C]MP4A) &, value
distribution maps. A, Normalized and averaged ["'C]MP4A k; parametric maps from control subjects and subjects with autism spectrum disorders (ASD) are
shown. B, Areas with significantly reduced ["'CIMP4A k; values in subjects with ASD compared with those in controls (P< .05, corrected) are rendered on glass
brains. G, Results from analyses of covariance are shown. Areas with significantly lower ["CIMP4A k; values in the ASD group than in the control group (P< .05,
corrected) are indicated. The location of a cluster with significant negative correlations between ["'C]MP4A 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 signilicant change in [ CJMP4A 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 lixing the
head ol each participant. An additional volumetric brain
morphometry study showed no signilicant difference in
whole-brain or regional gray matter volumes between sub-
jects with ASD and controls (eAppendix 2, eTable, eFig-
ure | and eFigure 2). Therelore, 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 acetyltransler-

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 [orebrain, and
contain AChE that is transported anterogradely from cho-
linergic perikarya in the basal {orebrain.*"** Therefore,
the present result of reduction in the [''C|MP4A k; val-
ues localized in the bilateral usiform 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 [rontal and parietal cortices in de-
ceased adults with autism and found no change in the
activities ol AChE and choline acetyliransferase, al-
though there were decreases in some types ol musca-
rinic and nicotinic receptors. The results of Perry et al*®
may support our contention that the presynaptic cho-
linergic innervations ol 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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Table 2. Clusters Where [''CIMP4A «; Values Significantly Correlated With Social Scores From ADOS and ADI-R in Subjects With

ASD in the Fusiform Gyrus®

Hemisphere Cluster Size F X y z

Negatively Correlated With ADOS Social Scores

R 58 29.92 42 -44 -26

L 16 24.92 ~46 -52 -20

R 20 23.78 24 -60 =20

R 38 19.65 24 -46 ~16

L 14 16.89 -28 ~74 -16
Neuatively Correlated With ADI-R A (Social) Scores

R 267 32.78 38 -46 -24

L 36 28.70 -46 -52 -20

L 59 16.53 -28 -76 -16

R 39 15.55 24 -80 -16

Abbreviations: ["'CIMP4A, N-["'Cmethyipiperidin-4-yl acetate; ADI-R, Autism Diagnostic Interview-Revised; ADOS, Autism Diagnostic Observation Schedule;

ASD, autism spectrum disorder; NA, not applicable.
2p< 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 [''CIMP4A k; value
and the diagnostic algorithm scores [rom 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 butalso
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
[rom 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, abnormatl
[unctional connectivity between the right fusiform gy-
rus and the lelt 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 neuron numbers in layers 111, V, and VI, and mean
perikaryal volumes of neurons in layers V and VI in the
fusiform gyrus.'” The neuropathological changes may be
specilic to the [usiform 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 111 and V have been suggested to be cholinocep-
tive. 040> Because acetylcholine is known to play an im-
portant role in the regulation of both structural and
functional maturation of cortical circuits,'®**”* 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 11l 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 [usilorm is actually larger than the mid-
brain, and it was reported that the [usiform 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 ["CIMP4A k; reduction reflects the pathophysiol-
ogy of ASD rather than the atrophy.
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Summary
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(ASRS-screenen) BB DRIRICDVNT—

ort scale-screener

B0, AERFE?, SRREY, TR,
. SABSER LY, SEHIER 29,

e

,EJHE 1,2 3)

EERNE LRSI, 1960 F 1 AR E
% JE % ¥ (minimal brain damage syndrome :
MBD) &g Tz, ZHIEIBEIR 01T
BE LT, 1BRESNE, BLEIOLRE, HEHE,
EEEENE, Lol 3l R LNOMMZ2IEE
AR RICHEEAEE b6 L, EELMED
WRNEEL%oT, Fik, & HEEZERTLFE
BREN R %) SARE L7z 1962 41213 il 70 A
BEOHFEYZBNIZIERET A Z LSWEEL )
&T, WAERASEREE gk SN 7206
CEEEIC, ZEAYEIZDF & b % hyperactive child
syndrome MR K S 2% o7 (FF S, 2008).
FRRIEIZE 2 L Z BT RERICELNTBY, HFE
ISR ICBRT 5 &, 90FERFTETEER
bNTWw/z ZOE Wender 3 FEDT AL
GEREE LSS NIRAD IR — PIEEITVIR
W7z, 1987 £ DSMAIILR (7 2 ) #EHE S OB
) BV TSRS I LEEXRNG ZEEREE
(attention-deficit ./ hyperactivity disorder :
ADHD) kg7 L2 L%4&d5 DSMIIR
TUERAOEEXN ZEEREEI ERE LTE
Iz o7 (Adler, 2008). REIZLEIMESE
DF R T DS TN, FERE TCoOFE
BFgeid, HMmESFR T 5 2 L2 —RRIZR L T

P,
[
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B, FHOSERN Sy — 1%, REHOER, %
LESDGILEFNOBENFRTLIZLE, &
W% A EWITEINRET L ETHEH. ZHIE
BEALTY, Z8), EFHOERIGREL, ik
SMANBESE, EYWEKFr LIV EALERITS. %
ERMEICE L TIE, RALATEERIZ, KAE
L0 b EEIARBE CEROAEIGISH D, FKEE
(o, ZNEBRTORBEVIAETH S (Klein &
Mannuzza, 1991). # L €, Z#EH o ADHD (3%
BORHR Z AU BT 25 COMBENETH 575,
NEI D ADHD (d BIREASE 82 A AS A I3 5
CEDHEMTH L. BIZIE, BOBEICBLTD
WEt S 29, EREOABBERONEY S, 4%
DFFDYIY RFN T &, ERE L EF8F
FLRHAEFEOFTIREL, W{(D2bDHFEIzDLZE
W27%5. TLTETETHHFICETARES I E L
TRENICOR A EWXh L. &5IZH AL
ADHD ZH AR Led <, EEEEZEEI

%@L, BELOMBELZIZ 52 &H %\ (Stein,

2008).
ok To AN ADHD O FREIZ 4% FEE & X
NTHEH (Kessler 5, 2009), AW IZBTDH

RLUTHEZEETIE R, 202 Ehs, TETIE,

ADHD 32 REMOADRETIZ %, FE@EL

7ZHIREE V) BRI LoDH B, DL,

WK TIRIBEIR 2 T2 <, A#® ADHD ¥ i
HEN, BRaHRPEESNOOH 5.

L2 L7256, bAAEIZB W TIE, RAH
ADHD IZBJ L TWw 2 E, WCROMASHEASNT
WAHIZT ELR V. Do, BAE ADHD 78 &
L) M AERT I E Vo 2T EIEBEICIEENT
BOHT, RKBS CORBRICIED 5 H 4%\,

2T, ABIETIE, FCKROBIZE & LB AE 72 1
BTORAY ADHD OEFRETEmMLA. 22
T, Z#DOFED screening MAEDFERHHH L,
screening I BWTHME & % - 72AE H#E OB
WOWTHLNIZT 5.
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AN ERERBROANOEG %0 EIZEH LT

2. HEAR
(1) FEFS 749 25—%

TR, Fis (18 mH» 5 49 % 3HAA T X5
WZL72), B (K), FEEE EIEE, B
i O & FHEIL (200 77 6 ~ 1000 77 BL_E % 5 By
FicXdo/zb s [rbhv]) 0 7TEETH 5.
(2) adult ADHD self report scale-screener

(ASRS-screener)

ASRS-screener (£, Kessler 5 (2005) (2 & - €,
WHO OREL LTCHESNZLDOTHY, HA%
BOLOFHEICHRINTEB Y, BETHEAT S
CENTELRETHA. DSM- VDS it A
WZHEPLL 72N D 6 THE 2 R S NS . dtHED
HEOBE6 » ARiRNE), COREOHEETE
NZNOHEBEICEE SNERT BB L TWa e %
5B (0~44) CTHFEETHERTH A,

screener (&, MHHE T & (ZHHE L 2 BHE DT
ENTHBY, RELZBXTVWL2HEBRYMEL T
screening A H 3 4. screening 155130~ 6
HOME LD FNHhy b+ 7HETHS 4 5L
ThiE, BAY ADHD O REMELH Y, 3512
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51 (&< k), HEG6IC [EE] 23581,

4O YT B 2 L2k Y, screener I B 1
(positive) &HIBrENAZ &Il 5.
(3) BEEIZOVWTHEREH

L TWARAOMEE (BEEEE), il s BE
DIRM, BELIEMTOMAERA LA (4 KR
SE5E), MARA MLV ADOHED 6EHE ;7.
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D LEofERNE &S L -AEARZERL, #
EREOHBICHEZEL /2. BLE, ERERKRE
T o 7. PAAEIE, 201041 A2 5 3 R OB IC
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4. REEANDOIE
FAERRICFAEOBRE RLAR IOV THIZFHHA
L-XHEzit#&l, v 74— Fartr MIi
BL7. T/, AAZGERMEAETERL, &
Sn-EZITFEAEO B UYL CIRERET, O

A ADHD OB ICIEH SN AHE LT L 72
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72 B, REFERICBIT LT — YT, AFRIZOW

TIHEREHRFREZBROEREZ R/ UTONI.
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1. AERHEOAL

10,000 A % EAEZHIH L CEALTHENRED
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HAICST DA ADHD DEZHEE

F1 M EOFETEEHEBERONR LR

% 166940 1655 1382%** 02
(51.9) (424) (1)
'S 154651 2244
(48.1) (57.6)
&5 321591 3809
(100) (100)
BB CEHON), TB: (%)
< 001

HHOEEOREFIT-72 (K1), &8, FWHiE
HIZKIBDOASNIZED 1L Bz, D114
S SBRINL7.. FORE, BEFTIEEED
FHEELD SEEVETLZVOIIH LT, ERT
W ZFOEEWEEL, ZTHEOFVHEL) BFEEIS
ol (x? (1) =1382 (p<.001). TDZ &
o, A cELNT—513, BEMAOADE
L RURTHEDEEVETL T -5 Thb L
25,

Wiz, Fm B L UFEERIZOWT, BEFOB
FHEIE LERICBITAEEORER L, HHT LI
To7z (R2). TR FWHIIOVWTL, 5
WELIZ 2 ENEEL Y, BERLEERTIEE
W OEIEICENH o 7. EOERHEHEICBV TR
BN, DEDPKEVDPERETT 57201k ESHT
#1022 A, BUTIZ2 ~25mE 26 ~ 29 5%
WZBWTERDOEEN/NE L, 46 ~49KIZB VT
EROEEGVKEP o7, KT, 18 ~21K L
22~2BBICBTEROEE /NS,
38~ 41k 46 ~ 49 RICB VW TIEADEEIKRE
WEWIHIRERTHoT 725 L, yPEETF-5E
WENZ LI L o TEMZEEGDRY CHOHREEL R
BIE S 5728, Fhills ) SRR EEAR L
OFTIUEFIUTE IR D O TIE R, EBIZ, B
&b BERTOEEIIEmIIRo TWADITTIE
7%, BEERRG DEIWMOT/ASNHDTH o7z
(¢ = .02).

FRRICEERICOWTHBEZ L ICG & To72
EZhH, BUTEHEIEELRLT, BERD
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F2 MH - ERF LB LM - BERCEOREHBER EEXORR EMT E ORE

E T 18-21 % 16698 155 15804 180 32502 335
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26-29 % 20186 159 18262 256 38448 415
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(13.7) (14.7) 7.8. (13.7) (15.3) t1 (137) (15.0)
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46-49 #% 19946 260 18795 315 38741 575
(11.9) (157) 11 (12.2) (14.1) Tt (12.0) (14.8)

&t 166940 1652 154651 2239 321591 3891
(100) (100) (100) (100) (100) (100)

x2(dh 436(7)*** 364(7)***
) 02 02

BEX X 122757 485 122196 703 244953 1188
(30.7) (29.3) 7.5, (30.2) (314) n.s. (305) (305)

X 62910 264 62833 360 125743 624
(157) (16.0) n.s. (155) (16.1) 7.8. (156) (16.0)

MEX 51734 216 51508 266 103242 482
(129) (13.1) 7.8, 12.7) (11.9) n.s. (12.8) (124)

X 54303 250 55603 329 109906 579
(136) (15.1) 7.5. (138) (14.7) n.s. (137) (14.9)

ex 46984 189 48846 274 95830 463
(11.8) (114) 7.5. (12.1) (122) n.s. (119) (11.9)

ALK 42996 178 43842 248 86838 426
(10.8) (108) 7.S. (10.8) (11.1) 7.5 (10.8) (109)

KEX 18020 73 19500 62 37520 135
(45) (44) IS, (4.8) (28) Ll @n (35)

&5 399704 1655 404328 2242 804032 3897
(100) (100) (100) (100) (100) (100)

x 2dph 4.1(6) 7.5. 238(6)**
¢ 00 01

LB EEBON, TEC (%)

TEEp <001, *fp <01

P EAOEBBEADONTEDICS E OSBRI bREVI L2 EKT 5.
VEROERDFERO A & O HIBERL D bASVI L2 EKT S,

T, }*EFEELZD, BERECERIZENA BOTHEEFD LB ZRY IEALNT, EEH
LTz FREDMOMER, RERXDHZBWTER PRE DEDBD T/HENHDTHo72 (¢ = .00).
DEHPBERAOEEGOMFER L) b HFEITK ZORERPE, AR TOMHAREST 7 -5 13,
Pofz. 72720, T OERE LRI, BERIC PRNZ BT EER & LB L TR0l & 0% T
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#£3 FERHEDASRS-screener NDOEZE & ZIFH Dscrreening BEZHED A

) B
LT OPEEL 722 LA,

(2) RIEEEET HEFEZITIBIZ
A, EDLLVOEETH ) FLITh.

BV HRLHEEZ TN/ I LD, EDLLVOHEETH D L L

EDLLWOBEHETH D T LI2h.
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FIUTE W) EENCER SN ) Lz eds, EOLKSVOEETH ) T Lah
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(243) (492) (225) (330 (0.8) (100)  (265)
1016 1802 861 166 41 38386 1068
(26.1) (464) (222) (4.3 (1) (100) (275)
914 1960 889 100 29 3802 1018
(235) (504) (22.8) (26) (0.7 (1000 (262)
690 1544 1321 266 66 3387 332
(17.8) (397) (3400 (6.8) (1.7) (1000 (85
1641 1423 616 163 47 3890 210
(422) (366) (158) (4.2) (1.2) (1000 (54)
1855 1309 550 135 41 3890 176
477) (337) (141 (35 (1.1) (1000  (45)

VEB B TR D (%)
253K — )b FiL, screening DESICAIEEDF v 7% H T » M3 HERT

Znb o0, EREBLIUBEEXICBWTIE, &4
a3 ETETF -V E LTI ZENTES,

3. ASRS-screener D#ER

¥ 9, ASRS-screener 2’RE L L TOFEEZF
LTwabshrletd a0, SEBOMA,S
Cronbach ® a R EHEM L7z, TOHKER, a= 77
TH Y, Kessler b (2005) & EHRIZ, 6IHHE &
IR CHBRE P OWMEL ) AEFELNR
7. XoT, ABFEIZBWTYEH, ASRS-screener i
WEEAE L V) I TOEBEEEZHA TWDH Z LN
S P I o7z. #2T, ASRS-screener DAL E %
A &F L 72 ASRS-screener REMR S & £ D FHfE =z
BEHLAEZA, FHiE=618 5 (SD = 356) T
Hote

W12, ASRS-screener ~ D E % &, £HEH D
screening ZL¥E X2 L BEOEH TR I ITIR LA
Al L7 & 912, ASRS-screener (¥, HEIZ X - T
B 5 screening FRHEEFFREL TV 5.

BHEBOREEL G LIEONBICEHT AL,
ATk, HE (D~@Q) B TiE, wihd
1000 ALLE (262%~ 275%) ThHot. —7F, H
H 4)~(6) nFEELGL-EZENEN, 332
% (85%), 2104 (54%), 176 % (45%) Th-o
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#4 BEBHEDscreening B EBELB LU -EOER (%)

0 1932 (494)
1 903 (23.1)
2 573 (14.7)
3 306 (7.8)
4 132 (34)
5 51 (13)
6 13 0.3)
aFt 3910 (100)
screening & /T E 196 (5.0)

7z

ZIMEWIIH IO WT, ASRS-screener D44 IE H
WEtE SN EEE WAL E AL,
screening 5 & % B L 72 (84). screening ®
Ay M TEERL4HTIE132% (34%), 51
TE51 4% (13%), 62 TiH13% (03%) A%
LTw/, LoT, #y A 7ME4EDETHY
screening BlE & %2 o 72&13 196 & (50%) THo
7z
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PICT B, TESTT 4907 —5 RRERE
HEWZDWT, GHELEEREO AL O LK%
iTo 7.

(1) RN, SFEH, Rt

TRl Finw B L OB EMIE L screening # 2
(k. Bats) L OBEYRE LR LE 51058
L7z, x*MEDHRER, WHIICBWT01%KETEH
B OFETICBOWTLI%KETEE 20, R
& ST A% screening (2B BB Fa it & BE A
BB EVTRBEINT. HEINIOWTIR, Bk
Motz FEETRICOWTIE, EOERBEIZBWTA
BILIZEDH N B R RETT 5 720 EES T %
7ozl s, [22~255%] &, [26~297%] IZ

BWTHEROEBPEEICFESI ) b REL,

[46 ~497%] I2BWVTIX, BEIZIS W L2
S holc. Thabb, 20WADLKRKEVE
BV TIEHEERTS {, 40 MR LB S £
BIZBWTIEA W ERRIEL TS, BEHIE
WOWTE, x*EEREELLZLT, BES LW
EHRBE SN

(2) FEUBME, RIEHER, BE3E, MHOAFHNA
FEOSHE, RIRHERL, WEB L OHFOEFHNAC
DWTHERICHEET LR EERG6IRLZ. W
NIZBNWTS, yEEIEELRY), BIBE Kk
BB L UHHOEFHIAIZBWTIE01%KET
BE, BECBWTIIBKETERL LY, B
W DH I ENRESINT.

WAESTDORER, FEBRICBVWTIX [VEHE

LU & [hnlz (HrlkiE) LH] CBWwTiE,

ORI HHFERL V£, Thi (b
Bl EF BTN ENT EAES 2
Holz, TOZENL, BEHBEIEOEDES LR
g IIE RERDERE) CRORERETH
LEDPEL, FL (ERF) LESLTWAEE
JERETH HEIMENT EATRIB SN2, #HIBEICE
WU, (RIS 1B THBEEOEHIE ZIZH
FEBLIDSARE L, #1 BB 8B T/hE
Polz. TOTENL, BUEBIZEREE THLR
PE L, BIEE CTh HEDPMENT EATRBE N
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BEEIZOWTE, [HoTwa] & [ER] 128w
THUEFROERFIFERL ) OABICKE (,
(8= Tk - 7N M) & [HETR - TR 108
WTIHDAEWIZ EPHL NI o/, 20T i,
PR TH DI EED TV EPERTH 2 ENE
IV s TN P ELTENTWAYD, BB
IS L CTERPERE L TREICA-> TV T3
HBPMENZ L AREBLT0E, #EOAFHIAILD
WTE, 1200 75 FIsR ] IoB W TR RO E#HS
BICHIRRER LD S R& <, [700 ~ 1000 5 Mk
Wil BT ENZEPHS I, 2D
Ci, HERIRFTEEE S, BN S WS
DRBIIEDV N ERRIELTWDS.

(3) kil - BB, BEOBACRGE, BEk—EH
TOWMAERA P LA, EEIRR

Rl - BUEEE, BEOREIRE, BXk—EMT
DAL A+ VAR L UEERRIIZDOWT b [
WCBET LR E R 7T OR L2, BEOEEREE
BE—FHMTOHRAERCA ML ZIZB VT y 2ER
01%KETHEEL 21, WEERTIZB W TIE 5%K
BETHBL R ERIL, TROEOEHE
screening f& e & O MIZBEDRIE S N7, #ROH -
BRI BT x 2 EEEE L 259, BEIX
HoNhosz, BERIICOWTIE, BHEEEICE
BEL TWB ADS W EATRIE S L. BIEDfEEE
REELBE—FEHMTORAERA ML RIZDOVTIE
REDTORR, [HFVRETIE V] & [fEE
Tl ] TRIBFEFEOEREEICHEER LY
bREL, [BETHA] Td/AEholz, 0z
DS, BRI E L) NEERIREICH S L
TWAHIENRBENTZ. [EL BHo/z] I2BWVT
WBHEOERPEREICHFEERI ) b RE o7
I, BE-FHTORAFERLA PL AT, [X
K Holz]l BV THEROERIEBEICHFE
FVOREL, ThFhadrosl & Fildho
T2l BTN E ol TOZ Ens, BHERES
EMAFERA ML ARSI TVLERNH S
EDITRIEE LT
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BHALCHIT DA ADHD OEZH

="

x5 MR, E#Sw, BERICET Bscreening BHERE & BB O
il Bk 1540 115 1655 2224 F** —
(416) (58.7) (42) (D
g 2163 81 2244
(58.4) (41.3) (58)
A 3703 196 3899
(100) (100) (100
T 18-21 #% 312 23 335 22.09** 7.S.
(84) an 9 (7
22-25 % 305 25 330 2211
(8.2) (128) €))
26-29 7% 384 33 417 285 1
(104) (16.8) (11)
30-33 % 502 24 526 7.S.
(136) (12.2) (13)
34-37 #% 578 30 608 7n.s.
(156) (15.3) (16)
3841 % 561 25 586 7.s.
(15.2) (128) (15)
4245 7% 501 18 519 7.8.
(135) 9.2) (13)
46-49 7% 558 18 576 —-227 1
(15.1) (9.2) (15)
At 3701 196 3897
(100) (100) (100)
BEK X 1128 60 1188 338 n.s. 7.5.
(30.4) (306) (30) (6)
X 593 32 625 7.S.
(16.0) (16.3) (16)
HMX 462 23 485 n.s.
(125) 117n (12)
X 551 30 581 7.S.
(14.9) (15.3) (15)
X 435 28 463 7.5.
(117 (14.3) (12)
HALIX 411 15 426 ..
(1L (7.7 1
KEX 127 8 135 ns.
(34) (4.1) 3)
&t 3707 196 3903
(100) (100) (100)

EEERN), TR (%)
*EEp <001, **p <01

IR OEEPIFELL ) DREVI EZERY 5.
VEEBEOREBFPHFERL Y NSV ETERT 5.
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K6 FEIEEE, FIEMEL, BE, INAICH T Bscreening BiEEE & BB O LS

i e LA (FEE) 2172 83 2255 ~444 |
(58.7) (426) (58)
BE#s (BUE) 112 6 118 7.8,
(30) (31 3
EN 1259 99 1358 478 t
(34.0) (50.8) (35)
e 11 0 11 1n.s.
(0.3) (0
R 135 6 141 ..
(36) 3D (4)
[l 12 1 13 7.5.
0.3) (05) (0)
&l 3701 195 3896
(100) (100) (100)
FIRHE R, GENESL L 289 27 316 2638 %% * 299 t
(7.8) (138) 8 (5)
FeIF D A 314 16 330 7n.5.
(85) (82) (8)
BT (Bl RIT) E 700 57 757 351t
(189) (29.2) (19)
Hinlz (B l-kE) & F 1355 49 1404 -329 |
(36.6) (25.1) (36)
HRIZEEH TN 798 35 833 7n.5.
(215) (179) (21
Z DAt 248 11 259 n.Ss.
(6.7) (56) (7)
3704 195 3899
(100) (100) (100)
T BT 5 () 1934 117 2051 2474 203 1
(52.3) (59.7) (53) (6)
8=k - TIINA b 621 18 639 -280 |
(16.8) (9.2) (16)
BE¥E 180 9 189 ns.
(49) (4.6) (5)
EREES 16 2 18 ns.
(04) %0)) (0)
BTG - R 522 14 536 ~276 1
(14.1) (7.1) (14)
IR 149 15 164 246 1
(4.0) (7.7) (4)
A 279 21 300 ns.
(75) (10.7) (8)
AEl 3701 196 3897
(100.0) (100.0) (100)
A (A5 &8 200 77 [ ki 215 24 239 2358 *** 369 t
(5.8) (124) (6) (5)
200 ~400 J3 M ok i 839 43 882 7.5.
(22.8) (22.3) (23)
400 ~700 73 ki 1341 64 1405 IS,
(364) (33.2) (36)
700 ~1000 73 M 4 637 18 655 -290 {
(17.3) 9.3) a7
1000 A HLLE 295 19 314 7.5.
(80) (98) (8)
DGR 360 25 385
(9.8) (13.0) (10)
&7t 3687 193 3880
(100) (100) (100)

EB BN, TBR(% )

EEp <001, **p <01

PSS OEBASIGERL ) bREVWT EEERT 2,
| BUBEORESHRFERL ) DSV EE2ERT 2,
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HARICHITDMAH ADHD OEFHRE

%7 HE - IR 1 EETOMAEPZ MU R, REERE, EBRRRICS T Bscreening B L IREHOILR

B A 1344 59 1403 6.16 n.s.

(36.4) (30.3) (36) (3)
LI 7 291 19 310
(79) 97) (8)
BTG & BT 5 529 38 567
(14.3) (195) (15)
BROE - B L W 1528 79 1607
(414) (405) (41)
&5t 3692 195 3887
(100) (100) (100)
1 BT F ol aholz 58 1 59 8512*** n.s.
HAFERA P LA (16) (05) 2) 3)
bE ol 599 15 614 -318 }
(16.2) (7D (16)
mEiHotr 1648 41 1689 —646 }
(44.6) (21.0) (43)
I Hot: 1393 138 1531 922 1
(371 (70.8) (39)
AEt 3698 195 3803
(100) (100) (100)
TR EEIREE BETHD 2070 70 2140 8166*"* -552 }
(558) (35.7) (55) 3
IhIbEETHS 1427 89 1516 n.s.
(385) (454) (39)
HEDEETRY 167 23 190 458 t
(45) 117 (5)
BEETIE W 43 14 57 680 1
(12) (7.1) (1)
&5 3707 196 3903
(100) (100) (100)
SRR BELTWD 852 58 910 471" —
(230) (29.7) (23) 1
LTV RV 2853 137 2990
(77.0) (70.3) 77)
&5t 3705 195 3900
(100) (100) (100)

LB EHRN), FB (%)

REp <001, *p <05

P EE O EESHFEERL )b RENI L ZERT 2.
VBB OB EIBFERL D DA S NI LR ERT 5.
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