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GM images revealed no significant differences in GM vol-
ume between the 2 groups (data not shown).

B COMMENT

Our PET measurements revealed that young adults with
ASD had significantly increased [''C[(R)-PK11195 BP,
a representative measure of the activation of microglia,
in a wide range of brain areas, including the cerebellum,
brainstem, anterior cingulate cortex, frontal cortex (or-
bitofrontal and midfrontal), temporal cortex (superior
temporal and fusiform), parietal cortex, and corpus cal-
losum. The microglial activation was greater in the ASD
group than in the control group across all regions tested,
although the most prominent increase was evident in the
cerebellum. To our knowledge, this is the first in vivo
evidence of the presence of excessive microglial activa-
tion in ASD subjects, and these findings support the con-
tention that microglial activation may play a role in the
pathogenesis of ASD.'6%°

When we performed a VOI-based analysis on the {''C]
(R)-PK11195 BPs for different brain regions associated
with microglial activation, the pattern of distribution of
["'C](R)-PK11195 BP values throughout the VOIs was
quite similar between the ASD and control subjects. The
similar distribution of regionally activated microglia in
the ASD and control groups may indicate the aug-
mented but not altered microglial activation in the brain
in the ASD subjects. Resident microglia, which are em-
bryonic and fetal in origin, can be replenished intrinsi-
cally and do not require significant turnover from cir-
culating blood progenitors (monocytes)* (see also the
review by Chan et al*). Under pathologic conditions, how-
ever, microglia in neonates and adults are considered to
derive from circulating blood monocytes originating pri-
marily within the bone marrow.* In brain tissues from
children and adults with ASD, macrophage chemoattrac-
tant protein-1, which can facilitate the infiltration and
accumulation of blood monocytes in the brain,>*? is
greatly increased.' It is also possible that microglia might
respond to prolonged aberrant neuronal functioning in
the ASD adults, providing trophic support to damaged
cells or engaging in synaptic stripping to protect against
excitotoxicity.?*? Taken together, the excessive activa-
tion of microglia in ASD subjects could begin in the pre-
natal period and last until adulthood. However, we pro-
pose that the critical period for the occurrence of excessive
activation of microglia as a possible pathogenic factor for
ASD may be during prenatal and early postnatal devel-
opment of the brain because symptoms of ASD are mani-
fested very early in life, typically by 3 years of age. To
better understand the detailed mechanism underlying the
long-running microglial activation, further studies, in-
cluding experiments in animal models, may be helpful.

In the present PET assessment, young adults with ASD
showed a prominent activation of microglia in the cer-
ebellum. The cerebellum has been one of the foci of post-
mortem studies of autistic children and adults. Of the 30
postmortem cases of autism in which the cerebellum has
been studied, 22 (73%) showed a reduced number of Pur-
kinje cells, particularly in the hemispheres.”>% Patho-

logic abnormalities have been observed in both child-
hood and adult cases, with and without a history of
seizures or medication usage. It is not known whether
cerebellar lesions might have been present in the high-
functioning young adults with ASD recruited for this
study. Nonetheless, cerebellar activation of the microg-
lia may reflect an association with cerebellar pathologic
abnormalities, because when N-acetylaspartate, a puta-
tive marker of neuronal loss, was assessed by proton mag-
netic resonance spectroscopy, levels were significantly
decreased in high-functioning adults with ASD.> An in
vitro study has demonstrated that microglial activation
can promote the death of developing Purkinje cells via
reactive oxygen species®®; however, it remains unclear
whether this microglia-mediated mechanism would ap-
ply in cases of ASD.

The voxel-based correlation analysis failed to find a
cluster in which ["'C](R)-PK11195 BP correlated sig-
nificantly with any of the clinical features evaluated by
the Faux Pas Test, Yale-Brown Obsessive Compulsive
Scale, ADI-R, and ADOS. However, when ASD subjects
were divided into High-BP and Not-High-BP subgroups
before being entered into the VOI-based analysis, social
disabilities as assessed by ADI-R and ADOS in the High-BP
subgroup were significantly more severe than in the Not-
High-BP subgroup. The results suggest that ASD sub-
jects carrying more microglial activation may be more
impaired in their cognitive skills. In a previous study, im-
mune abnormalities in peripheral blood from severely af-
fected children with ASD, especially the regressive type
of autism, appeared to correlate with the disturbance of
cognitive skills.'** Considering the positive observa-
tion of the VOI-based analysis and the previous data in
the ASD children with regression, the failure of the voxel-
based correlation analysis was probably due to the se-
lection of the ASD subjects, all of whom were high-
functioning ASD subjects with no regression. Namely,
the subject selection may have been inappropriate for com-
parison with studies of severely affected cases. The small
subject population may be another reason for the lack
of voxel-based correlation analysis. In this study, there
was no correlation in the cerebellum between the [''C]
(R)-PK11195 BP and motor coordination as assessed by
the Developmental Coordination Disorder Question-
naire. Again, the selection of the high-functioning sub-
jects and the small sample size may have contributed to
the absence of correlation. Although there was no cor-
relation of microglial activation with any of the clinical
features, this could not exclude the recently emerging evi-
dence that microglia play a crucial role in monitoring and
maintaining synapses in the uninjured brain.?”-* Dur-
ing development, microglia actively engulf synaptic ma-
terial and play a major role in synaptic pruning.®¢' Mi-
croglial activation might have led to impairment of
synaptic function in the corresponding brain regions being
associated with clinical features in ASD.%*%

Several limitations of our study bear mention. Our
study was performed on a population basis and the sub-
ject group consisted entirely of high-functioning ASD sub-
jects. That is, this study did not include ASD subtypes
in which immunologic abnormality may be more promi-
nent, although greater microglial activations are more
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likely to occur in more severe subtypes. Another poten-
tial weakness was the nature of the tracer used in this
study, which has a significant nonspecific binding. Fu-
ture studies on a wider range of autistic phenotypes using
a new ligand with more specificity would be warranted.

In conclusion, the present PET measurements re-
vealed marked activation of microglia in multiple brain
regions of young adults with ASD. The results strongly
support the contention that immune abnormalities con-
tribute to the etiology of ASD. The similar patterns of dis-
tribution of regionally activated microglia in these ASD
and control groups may indicate the augmented but not
altered microglial activation in the brain in the ASD sub-
jects.
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as follows: autistic disorder (AD), pervasive developmental
disorder not otherwise specified, and other psychiatric
diagnosis or no diagnosis, according to the consensus
clinical diagnosis. As regards inter-rater reliability, intra-
class correlation coefficients of greater than 0.80 were
obtained for all three domains of ADI-R-JV. As regards
discriminant validity, the mean scores of the three domains
was significantly higher in individuals with AD than in
those of other diagnostic groups. As regards diagnostic
validity, sensitivity and specificity for correctly diagnosing
AD were 0.92 and 0.89, respectively, but sensitivity was

M. Kuroda
Department of Child Newuropsychiatry, Graduate School of
Medicine, The University of Tokyo, Tokyo, Japan

T. Koyama
Kokeijuku Preparatory School. Kumamoto, Japan

M. Tsujii
Chukyo University School of Contemporary Sociology, Toyota,
Japan

S. Sakai - I. Mohri - M. Taniike
Division of Developmental Neuroscience, United Graduate
School of Child Development, Osaka University, Osaka, Japan

S. Sakai - I. Mohri - M. Taniike

Research Center for Child Mental Development, United
Graduate School of Child Development, Osaka University,
Osaka, Japan

R. Iwanaga

Division of Physical and Occupational Therapy., Department of
Health Sciences, Nagasaki University Graduate School of
Biomedical Sciences, Nagasaki. Japan

4£) Springer

- 253 -



J Autism Dev Disord

0.55 for individuals younger than 5 years. Specificity was
consistently high regzxr@less of age and intelligence. ADI-
R-JV was shown to be a reliable tool, and has sufficient
discriminant validity and satisfactory diagnostic validity
for correctly diagnosing AD, although the diagnostic
validity appeared to be compromised with respect to the
diagnosis of younger individuals.

Keywords Autism - ADI-R - Reliability - Validity - Japan

Introduction

Autistic disorder (AD) is defined by irregularities in three
behavioral domains, namely, deficits in reciprocal social
interaction, deficits in ‘communication, and restricted and
repetitive behaviors and interests (American Psychiatric
Association 2000). AD: is classified as an autism spectrum
disorder (ASD), an umbrella term that encompasses AD and
pervasive developmental disorder not otherwise specified
(PDDNQOS). The reported prevalence estimates of AD or ASD
have been increasing (F?mbonne 2009; Williams et al. 2000),
with the prevalence of ASD now thought to be between 1 and 2

per 100 school children
et al. 2009) and in Japs
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behaviors found in individuals with AD or ASD. Among
these instruments, Autism Diagnostic Interview-Revised
(ADI-R (Lord et al. 1994)) is a structured, investigator-
based interview directed to caregivers for the detection of
AD in a research context. ADI-R has been widely used, and
its reliability and validity have been examined in the ori-
ginal as well as in non-English versions (Cicchetti et al.
2008; Hill et al. 2001; Lampi et al. 2010; Lord et al. 1994;
Mildenberger et al. 2001).

Discussions of ADI-R have accumulated, particularly as
regards its diagnostic validity. Despite the fact that ADI-R
provides a good to excellent level of sensitivity for diag-
nosing and predicting AD among varying samples (de Bildt
et al. 2004; Gray et al. 2008; Lampi et al. 2010; Lord et al.
1994, 2006; Tomanik et al. 2007), studies have pointed out
compromised diagnostic validity in certain types of exami-
nees, such as younger children, because some symptoms are
not evident at an early age (Cox et al. 1999; Rutter et al.
2003). This observation is of particular relevance among
individuals with ASD other than AD (Gilchrist et al. 2001).
On the other hand, as the algorithm-based diagnosis with
ADI-R is made with reference to current as well as past
behaviors, caregivers of examinees tend to report fewer
symptoms when examinees are in adolescence or early
adulthood (McGovern and Sigman 2005). Furthermore,
depending on the level of function, ADI-R diagnoses of AD
among children exhibiting a cognitive delay are less likely to
conform to clinical or other types of research-related diag-
nosis (de Bildt et al. 2004), such as those based on Autism
Diagnostic Observation Schedule (ADOS (Lord et al.
2000). It should be noted that the use of ADOS alone has
limited predictability (Lord et al. 2006). Considering theése
pitfalls, some groups have recommended that not a single
source but rather multiple sources of information, inciuding
both ADI-R and ADQOS, should be consulted when estab-
lishing a diagnosis of ASD or AD (Le Couteur et al. 2008;
Lord etal. 2000), particularly in aresearch context. It follows
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that the foundation of ;reliability and validity of ADI-R is
important in countries éuch as Japan, where such diagnostic
tools have not been readily available.

ADI-R in particular was unavailable in Japan until 2005,
when the present authors translated the WPS Edition of
ADI-R (Rutter et al. ?()O%) into Japanese, at which time the
back-translation was cpnﬁrmed to be congruent with the
original version by the developers of ADI-R. However, the
reliability and validity of the Japanese version had
remained unexamined fo date.

Therefore, in the present study, the authors aimed to test
the inter-rater reliability and discriminant and diagnostic
validity of ADI-R, Japanese Version (ADI-R-JV). The
inter-rater reliability was assessed using two types of
agreement measures: the weighted Kappa (Kw) and intra-
class correlation coefficient (ICC) of diagnostic algorithm
item scores of two independent interviewers. Discriminant
validity was assessed by comparing mean scores of diag-
nostic algorithm items/subdomains/domains between indi-
viduals with and withioul a consensus clinical diagnosis.
Diagnostic validity irf; this study refers to agreement
between the algorithm diagnosis based on ADI-R-JV and a
consensus clinical diagnosis. The sensitivity, specificity,
positive predictive value, and negative predictive value
were calculated to assess this agreement.

For our assessment, we hypothesized the following.

1. Good to excellent inter-rater reliability in terms of the
Kw and ICC of ADI-R-JV would be observed, which
would be consmlent with the published literature
(Cicchetti et al. 7()()8 Hill et al. 2001; Lord et al.
1994). |

2. The dlscnmmam [validity of ADI-R-JV would be
sufficient, with hw ier mean scores of diagnostic
algorithm items among individuals with AD than
among those thhout AD (Lampi et al. 2010; Lord
et al. 1994). Thal is, it was expected that AD
scores > non- ASD scores, and AD scores > PDDNOS
scores.

3. The diagnostic vahdny of ADI-R-JV would be satis-
factory yel compromised among younger individuals
and individuals wiih intellectual disabilities (Cox et al.
1999; de Bildt et al. 2004; Rutter et al. 2003).

Methods
Participants and Diagnostic Procedure
Reliability Study

To enroll study subjects,
from 3 research sites,

we recruited participants
namely, 2 developmental,

university-affiliated clinics and 1 research center. Basi-
cally, these clinics are open for referrals from local health
practitioners. Participants were selected on the basis of the
cumulative number of participants thus far enrolled (lar-
geted N = 30), age (kindergarteners or school-age chil-
dren/adolescents under 20 years of age), clinical diagnosis
(confirmed or suspected diagnosis of ASD), and the pro-
vision of consent to participate in the study voluntarily,
including videotaping, Thus, purposive sampling was
incorporated into the study design.

For the reliability study, we recruited 35 individuals
who were referred to one of our research sites between
December 1, 2006 and November 30, 2010 (Table 1).
Among them, 31 individuals had been already suspected of
having ASD by their local health practitioners and had
been referred to our institutions for a more definitive
diagnosis. Soon afler participating in this study, these
participants underwent a clinical assessment based on
DSM-IV-TR (American Psychiatric Association 2000)
assessment, conducted by one of the authors. After the
detailed clinical assessments were complete and compre-
hensive caregiver interviews were conducted in order to
collect the developmental history of the participants, our
research team provided consensus clinical diagnoses based
on DSM-IV-TR. Our research team included clinical
experts with more than 3 years of experience in pediatrics
or in child neurodevelopmental practices and in assessing
individuals with ASD (5 certified clinical psychologists, 3
child psychiatrists, and 4 pediatricians were involved). A
total of 31 individuals were confirmed to have a consensus
clinical diagnosis of ASD, namely, AD (N =12) or
PDDNOS (N = 19). The remaining 4 individuals were
referred to our research sites on the basis of suspected
intellectual impairment, and they were confirmed not to
have a diagnosis of ASD according to the same diagnostic
procedures as those used for the confirmed ASD cases.

The 35 clinically referred individuals were also exam-
ined with respect to cognitive measures. For those subjects
who were age 5 or older, the Japanese version of the
Wechsler Intelligence Scale for Children, third edition
(WISC-III: (Wechsler et al. 1992)) or the Tanaka-Binet
intelligence scale (Tanaka Institute of Education 1987) was
used to estimate the intelligence quotient (I1Q). For indi-
viduals younger than 5 years old, a standardized develop-
mental test, the Kyoto Scale of Psychological Development
(Koyama et al. 2009), was adopted to estimate develop-
ment quotient (DQ). Among the 31 individuals with ASD,
6 had a full-scale 1Q/DQ of lower than 70. Among the 4
non-ASD clinical individuals, all had a full-scale IQ/DQ of
lower than 70.

In addition to the clinically referred individuals, 16
kindergarteners and school-age children exhibiting typical
development were also invited to participate in the study as
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Table 1 Reliability study: characteristics of the sample studied

Clinically referred Control individuals  Statistics
individuals [N = 35} [N = 16)
Age in years
Range 3-18 3-14
Median 5.0 5.0
Mean (SD) 87652 7.0 (3.8) t(49) = 1.16, p = 0.25
Gender (F:M) 5:30 4:12 Chi-square(1) = 0.84,
) p = 0.36
Full scale IQ/DQ* !
Number of individuals with cognitive delay (IQ/DQ < 70) 10 (29 %) 0 (0 %) Chi-square(1) = 5.67,
exact p = 0.02
Range ; 42-118 86-124
Median | 81 102.5
Mean (SD) 81.9 (22.6) 102.0 (11.6) t1(44) = 2.85, p < 0.001
DSM-IV-TR diagnosis
Autistic disorder 11 (31 %) 0
Autistic disorder + mem;ﬂ retardation 1 (3 %) 0
Pervasive developmenwlgdisordcr, not otherwise 14 (20 %) 0
specified
Pervasive developmental disorder, not otherwise 5 (14 %) 0
specified + Mental retardation
Mental retardation 4 (11 %) 0
Major depressive disorder 0 1(6 %)
Adjustment disorder 0 1(6 %)
No psychiatric diagnosis, 0 14 (88 %)
ADI-R score (based on data derived from a first examiner)
Domain A }
Range 5-28 0-7
Median 18 35
Mean (SD) 15.9 (6.6) 33 (2.8) t(49) = 7.16, p < 0.001
Domain BV*® ! [N = 23] [N = 14]
Range 3-14 0-8
Median : 7 2
Mean (SD) 13 (3.6) 3.3 (2.9) 1(35) = 6.94, p < 0.001
Domain BNV® _! N = 12] IN=2]
Range 1-12 0-1
Median 8 0.5
Mean (SD) 6.9 (4.5) 05 (0.7) 1(12) = 1.96, p = 0.07
Domain C
Range 0-11 04
Median 3 0.5
Mean (SD) 3.5 (2.5) 1.3 (1.5) 1(49) = 3.35, p = 0.002

5 Individuals, all aged 6 years or older, in the control individuals have no data on IQ/DQ. The school records of these participants were

carefully checked and we regarded their histories as equivalent to a lack of cognitive delay
® Verbal subjects (defined as a score of 0 on item 30 “overall level of language”)
¢ Non-verbal subjects (defined as a score of 1 or 2 on item 30)

control individuals. The control groups was recruited via a
notice published in newspapers local to three of our
research sites, where the clinically referred individuals for
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the reliability study had also been enrolled. The charac-
teristics of these control individuals are given in Table 1.
Considering the male predominance among clinically
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referred children, boys were intentionally oversampled.
The control subjects underwent clinical assessment based
on DSM-IV-TR in an interview conducted by one of the
authors, and the results were later confirmed by our
research team according to the same procedures as those
described above. Among the control subjects, 1 individual
had a diagnosis of major depressive disorder, and 1 had a
diagnosis of adjustment disorder. All 16 control individuals
were also examined either using WISC-III, the Kyoto Scale
of Psychological Development, or the Tanaka-Binet intel-
ligence scale, depending on the subject’s mental age, and
none of the control su:bjects were confirmed to have any
cognitive delays. l

In sum, the enrolled participants comprised two groups
(Table 1): 35 clinically referred individuals and 16 control
individuals. The mean age of these two groups did not
differ significantly (§.7 [SD. 5.2] vs. 7.0 [SD 3.8];
t(49) = 1.15, p = 0.25), and the F:M ratio did not differ
(F:M = 5:30 vs. 4:12; Chi-square (1) = 0.84, p = 0.35),
although the mean IQ/DQ differed significantly (81.9 [SD
22.6] vs. 102.0 [SD 11.6]; t(44) = 4.9, p < 0.001).

Validity Study

To collect a sufﬁcienti number of clinically referred indi-
viduals in this sub-study, 6 additional research sites were
involved (4 developmental, university-affiliated clinics, 1
pediatric clinic at a general hospital, and 1 privately run
clinic for child psychiatry), together with the three research
sites also involved inthe reliability study. The mode of
purposive selection of study participants was the same as
that adopted in the reliability study except that in the
validity study, the targeted number of participants was
larger (N = 200), and the recruitment period was longer
(September 1, 2006 and March 31, 2011). To capture any
differences between the two recruitment methods used for
the two sub-studies, we compared 35 clinically referred
individuals enrolled in the reliability study and an addi-
tional 200 clinically referred individuals (not shown in the
Table). This comparison did not reveal any significant
difference in the F:M ratio (F:M = 5:30 vs. 42:158; Chi-
Square(1) = 0.84, p = 0.36), no significant difference in
mean age (mean = 8.7 (SD 5.2) vs. 10.5 (SD 4.9) years;
t(233) = 0.61, p = 0.54), and no significant difference in
mean DQ/IQ (81.9 (SD 22.6) versus 89.2 (SD 24.8);
t(233) = 1.62, p = 0.11) between the two groups of indi-
viduals. Therefore, we regarded these two groups as basi-
cally the same in terms of background characteristics. We
then combined the two groups and considered them as
feasible for the analysis. A total of 235 clinically referred
individuals were enrolled in the validity study.

To establish the group of control individuals, 66 kin-
dergarteners and school-age children exhibiting typical

development were also invited to participate in this study.
Participants were recruited through a notice placed in local
newspapers that serve the regions of the nine research sites
at which the 235 clinically referred individuals were also
enrolled. As a group, these individuals were identical in
terms of mean age, F:M ratio, and mean 1Q/DQ to the 16
control individuals enrolled in the reliability study, and as
such, they were combined as a single control group of
individuals. As a result, for the validity study, we investi-
gated 235 clinically referred individuals and 82 control
individuals (Appendix Table 2 in supplementary materi-
als). The mean age of the 235 clinically referred individ-
uals was older than that of the 82 control individuals (10.3
(SD 4.9) vs. 6.5 (SD 3.8) years; t(315) = 6.42, p < 0.001),
and the mean full-scale 1Q/DQ of the clinically referred
individuals (86.6 (SD 23.0) vs. 1002 (SD 13.3);
t(310) = 4.65, p < 0.001) was lower than that of the
control individuals. There were significantly more male
individuals among the clinically referred individuals than
among the control individuals (F:M = 47:188 vs. 34:48;
Chi-Square(1) = 14.7, p < 0.001; see Appendix Table 2 in
supplementary materials).

As was done in the reliability study, 235 clinically
referred individuals and 82 control individuals underwent a
clinical assessment based on DSM-IV-TR (American
Psychiatric Association 2000) conducted by one of the
authors, and diagnoses, if any, were confirmed by our
research team and were established as a DSM-IV-TR-based
consensus clinical diagnosis. Among the 235 clinically
referred individuals, 227 were confirmed to have ASD,
namely, AD (N = 138) or PDDNOS (N = 89) as the
consensus clinical diagnoses. The remaining 8 individuals
were assessed as not having ASD. Among the 82 control
individuals, none had a diagnosis of ASD; however, 1 had
a diagnosis of major depressive disorder, 1 had social
phobia, 1 had attention deficit/hyperactive disorder not
otherwise specified, and 1 had adjustment disorder. To
measure IQ/DQ, WISC-III, Tanaka-Binet intelligence
scale, or Kyoto Scale of Psychological Development was
employed. Among the 82 control individuals, 12 had no
1Q/BQ records; the school records of these participants
were carefully checked and we regarded their histories as
equivalent to a lack of cognitive delay.

Finally, the 235 clinically referred individuals and 82
control individuals were combined and re-grouped into the
three following diagnostic groups based on a consensus
clinical diagnosis (Table 2): 138 individuals with AD, 89
with PDDNOS, and 90 with non-ASD. Group comparisons
of mean age across the three groups revealed a significantly
higher value in the AD group than in the other two groups
(AD 11.7 [SD 4.3], PDDNOS 8.5 [SD 5.1], non-ASD 6.4
[SD 3.7]; F(2, 314) = 42.1, p < 0.001). Likewise, the F:M
ratio of the three groups showed a significant difference
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Table 2 Validity study: characteristics of the sample studied

¢)) 2) 3) Statistics
AD PDDNOS Non-ASD
[N = 138] [N = 89] [N = 90]
Age in years
Range 2-19 2-19 2-17
Median 11.8 8.0 5.0
Mean (SD) 11.7 4.3) 8.5 (5.1) 6.4 (3.7) F(2, 314) = 42.9, p < 0.001
1>3:p<0.001
2> 3:p<0.001
1>2:p <0001
Gender (F:M) | 18:120 25:64 38:52 Chi-square(2) = 24.8, p < 0.001
Number of individuals wit‘h cognitive 18 (13 %) 9 (10 %) 809 %) Chi-Square(2) = 1.1, p = 0.59
delay (IQ/DQ < 70)
DSM-IV-TR diagnosis
Autistic disorder ) 120 (87 %) 0 0
Autistic disorder 4+ mental retardation 18 (13 %) 0 0
Pervasive developmental;disorder, 0 80 (50 %) 0
not otherwise specified:
Pervasive dcvelopmcntalldisorder not 0 9 (10 %) 0
otherwise specified + mental retardation
Mental retardation 0 0 89 %)
Major depressive disorder 0 0 1{1 %)
Social phobia ' 0 0 1(1 %)
Attention deficit/hyperactive disorder, 0 0 1 %)
not otherwise specified
Adjustment disorder 0 0 1 (1 %)
No psychiatric diagnosis 0 0 78 (87 %)
Full scale 1Q/DQ®
Range 41-140 42-131 45-132
Median 875 90 93
Mean (SD) 88.4 (22.8) 87.9 (20.7) 90.8 (23.1) F(2, 302) = 0.2, p = 0.82
ADI-R score
Domain A
Range 8-30 3-28 0-11
Median 20 13 1
Mean (SD) 19.9 (5.3) 14.8 (6.4) 23 2.7 F(2, 314) = 330.6, p < 0.001
1> 3: p <0.001
2> 3: p < 0.001
1>2:p<0.001
Domain BV® [N = 116] IN = 68]) [N = 79)
Range 3-25 2-21 0-12
Median 14 8.5 1
Mean (SD) 14.3 (4.1) 9.7 (4.4) 2532 F(2, 260) = 210.9, p < 0.001
1> 3: p <0.001
2>3:p<0.001
1>2:p<0.001
Domain BNV*® [N = 22] [N = 21] [N =11]
Range 0-14 1-12 0-9
Median 10 6 1
a Springer
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Table 2 continued

() (2) 3 Statistics
AD PDDNOS Non-ASD
[N = 138] [N = 89] [N = 90]
Mean (SD) 12.6 (4.9) 9.0 (4.4) 23 (2.5) F(2, 51) = 21.0, p < 0.001
1>3:p <0001
2> 3: p < 0.005
1>2:p=002
Domain C
Range 0-12 0-12 0-9
Median 5 2 0
Mean (SD) i 5524 2.9 (2.5) 1.1 (1.8) F(2, 314) = 106.6, p < 0.001
1>3:p<0.001
2> 3:p <0001
1>2:p<0.001
NS not significant

12 individuals, all aged 6 years or older, in the Non-ASD group have no data on IQ/DQ. The school records of these participants were carefully
checked and we regarded their histories as equivalent to a lack of cognitive delay

b Verbal subjects (defined as a score of O on item 30 “overall level of language™)

¢ Non-verbal subjects (defined as a score of 1 or 2 on item 30)

(AD 18:120, PDDN(;)S 25:64, Non-ASD 38:52; Chi-
Square(2) = 24.8, p < 0.001). The mean IQ/DQ did not
differ across the three groups (AD 90.8 [SD 23.0], PDD-
NOS 87.9 [SD 20.1], Non-ASD 88.3 [SD 88.3]; F(2,
302) = 0.2, p = 0.82), and the proportion of individuals
with an IQ/DQ of less than 70 did not show any statistically
significant departures from the expected values (AD 13 %,
PDDNOS 10 %, Nonf-ASD 9 %, Chi-Square(2) = 1.07,
p = 0.59). '

With ADI-R-JV, an algorithm diagnosis of AD was
provided if the sum scores of all of four domains (A, B, C,
and D) met the criteria{(equal to or exceeding the cutoff for
each domain) as described in the original guidelines (Rutter
et al. 2003). |

Interviews Using ADI-R-JV

All caregivers of participants in this study were inter-
viewed using ADI-R-JV within a 2-month period after the
participants had taken part in the study. These interviews
were conducted either by one of the present authors (KJT,
KM, AY, SS) who established the research reliability of the
original ADI-R together with the developers based on
intensive training sessions at the training sites, namely, the
interviewers reached more than 90 % exact agreement with
the ADI-R trainers (Risi et al. 2006), or by the authors who
were supervised by the authors KIT, KM, AY, or SS when
the interview using ADI-R-JV was conducted. In this

study, the same standard of agreement was achieved across
all members of the research team who conducted ADI-R-
JV. In total, 8 of the present authors were entitled to con-
duct interviews using ADI-R-JV, and thus were regarded as
ADI-R-JV interviewers for the current study.

For the reliability study, all ADI-R-JV interviews were
first conducted by one of four interviewers (KJT, KM, AY,
SS), and all interviews were videotaped. Each tape was
assessed independently by another rater from the same
group of four interviewers, and all combinations of the four
raters were equally likely. For the validity study, only one
out of 8 interviewers conducted an ADI-R-JV interview,
and that interviewer was blind to the consensus clinical
diagnosis of the examinee. All 8 interviewers assessed
participants at each research site on a random basis.

Analyses
Construction of ADI-R-JV Diagnostic Algorithm

ADI-R diagnostic algorithm consists of the following 4
domains: (A) Qualitative abnormalities in reciprocal social
interaction; (B) Qualitative abnormalities in communica-
tion; (C) Restricted, repetitive, stereotyped patterns of
behavior; and (D) Abnormality of development evident at
or before 36 months. Domains A, B, and C correspond to
the three groups of symptoms described in the DSM-IV-TR
(American Psychiatric Association 2000). Domain A
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consists of 4 subdomains covering 16 algorithm items;
domain B consists of 4 subdomains covering 13 algorithm
items; domain C consists of 4 subdomains covering 8
algorithm items; and domain D has no subdomain and
covers 5 algorithm items. Our analyses focused on each of
42 algorithm items, 12 subdomains and 3 domains (A, B,
and C); we did not tolal up domain D scores and thus did
not analyze this, smcg this is the summary code for evi-
dence of abnormality ?vithin the first 3 years. The assess-
ment of domain B was further divided into two types of
assessments according to verbal skills of the examined
individuals; subdomains B1, B4, B2 (V), and B3 (V),
covering 13 algorithm; items, were used for verbal indi-
viduals, whereas only l}] and B4 were used for non-verbal
individuals (including pre-speech infants).

An algorithm-based |diagnosis of AD was provided if all
of scores of four domains (A, B, C, and D) were equal to or
exceeded the following cut-off points: 10 points for domain
A; 8 points for domain BV (domain B for verbal subjects)
or 7 points for domain BNV (domain B for non-verbal
subjects); 3 points for domain C; and 1 point for domain D.

Reliability Study

We first calculated the v&lleighted kappa (Kw) value for each of
the 42 algorithm items; scores on the algorithm items took
only one of three values (O 1, or 2). We adopted the quadratm
weighting system, that is, wy; = 1 — (i — j)*(k — 1) (Fleiss
and Cohen 1973). This allowed Kw and the intraclass corre-
lation coefficient (ICC) to be considered as equivalent to each
other. We also calculated the ICC for each of 12 subdomains
and 4 domains; the symmed scores of subdomains and
domains could take a number of values, and thus the ICC was
preferred over the Kw. As regards judgments of the clinical
level of significance, “;/e followed the criteria provided in
previous studies (Cicchetti 1994; Cicchetti and Sparrow
1981), i.e., items showmg Kw = 0.75 and subdomains/
domains showing ICC > 0.75 were regarded as excellent,
0.60 < Kw < 0.75 and 0.60 < ICC < 0.75 were considered
good, and 0.40 < Kw < 0.60 and 0.40 < ICC < 0.60 were
considered fair, while Kw < 0.40 and ICC < 0.40 exhibited
poor inter-rater reliabili}y. Considering the difference in age
distribution of the three diagnostic groups of participants,
analyses were first conducted on all the enrolled participants,
and then a subsequentl analysis was conducted separately
for three age bands: below 5 years (<5:0 years); 5 years
0 months to 9 years | 11 months (5:0-9:11 years); and
10 years and older.

Validity Study—Discriminant Validity

We compared the mearfl scores for 42 algorithm items, 12
subdomains, and 3 domains (A, B, and C) among the three
i
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diagnostic groups of participants (AD, PDDNOS, and non-
ASD) using one-way ANOVA analysis with a post hoc
comparison after Bonferroni’s correction. We also exam-
ined whether differences in the mean scores of items,
subdomains, and domains would be smaller if the analyses
were limited to younger individuals (<5 years of age) or
individuals exhibiting cognitive delay (1IQ/DQ < 70).

Validity Study—Diagnostic Validity

To assess whether the provided diagnosis based on ADI-R-
JV was diagnostically valid, we estimated the sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) of ADI-R-JV. In this study, sensi-
tivity referred to the proportion of individuals judged to
have an ADI-R-JV algorithm-based diagnosis of AD
among those with a consensus clinical diagnosis of AD.
Specificity was the proportion of those judged not to have
AD based on ADI-R-JV among those with a non-AD
consensus clinical diagnosis or with no psychiatric diag-
nosis (i.e., subjects without a consensus clinical diagnosis
of AD). PPV was the proportion of subjects with a con-
sensus clinical diagnosis of AD among those with an
algorithm-based diagnosis of AD, and NPV was the pro-
portion of subjects with a consensus clinical diagnosis of
non-AD among those with an algorithm-based diagnosis of
non-AD. According to previously reported criteria (Cic-
chetti et al. 1995), we judged the clinical significance of
sensitivity, specificity, and PPV and NPV values to be
“fair” if results for these measures were equal to or
exceeded 70 %, good if they were >80 %, and excellent if
they were >90 %. We also examined whether results for
these would be lower if the analysis were limited to that of
younger individuals (<5 years of age) or individuals with
an intellectual disability (1Q/DQ < 70).

Ethical Issues

The study protocol followed the ethical guidelines of the
most recent Declaration of Helsinki (Edinburgh 2000) and
was approved by the Institutional Ethical Review Boards at
each research site. All participants, together with their
caregivers, were given a complete description of the study,
and the caregivers were asked to provide written informed
consent to participate. As regards clinically referred indi-
viduals, they were initially contacted at one of the partic-
ipating research sites, where we provided caregivers with
routine feedback, which included our clinical observations
and assessments. Then, by the time ADI-R-JV interview
was conducted, we had formed a clinical consensus diag-
nosis, arrived at by experts in our research team. After
ADI-R-JV interview with the caregivers had been con-
ducted, we formulated a best-estimate diagnosis based on
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both the consensus clinical diagnosis and the algorithm
diagnosis. The caregivers were then provided with feed-
back, including a best-estimate diagnosis.

Results
Reliability Study

No single diagnostic algorithm item showed a weighted
kappa (Kw) of lower than 0.6 (see Appendix Table 1 in
supplementary materials). Two items showed Kw values at
the level of “good” in terms of clinical significance (0.74
for item 39, “Verbal rituals”, and 0.69 for item 58,
“Inappropriate facial expression”), but the remaining 40
out of 42 diagnostic algorithm items showed Kw values of
0.75 or higher, indicating a level of excellent clinical
significance.

All domains and subdomains showed ICC values of 0.75
or higher, indicating an excellent level (Table 3). ICC
values were again calculated separately for three age bands
(<5:0 years, 5:0-9:11 years, and 10-19 years). Among
individuals below 5 years of age, all domains and

subdomains had ICC values of >0.75 (excellent). For
individuals between 5:0 and 9:11 years, all domains and all
but one subdomain had ICC values of >0.75 (excellent);
one exception was subdomain C3, “Stereotyped and
repetitive motor mannerisms”, which showed an ICC value
of 0.73 (good). For those individuals 10 years of age and
older, all domains and all but two subdomains showed ICC
values of >0.75 (excellent); the exceptions were 0.69 for
subdomain B2 (V), “Relative failure to initiate or sustain
conversational interchange”, and 0.62 for subdomain C4,
“Preoccupations with part of objects or non-functional
elements of material”, which had ICC values over 0.6, but
below 0.75 (good).

Validity Study

Discriminant Validity: Difference in Mean Scores of ltems/.
Subdomains/Domains Across Three Diagnostic Groups

As regards the mean scores for diagnostic algorithm items
(Table 4), all items but one showed a clear, significant
difference across the three diagnostic groups using one-
way ANOVA (AD vs. PDDNOS vs. non-ASD, p < 0.001

|
Table 3 Inter-rater reliability: intraclass correlation coefficients (ICC) of ADI-R domain and subdomain scores across three age bands (N = 51)

i

Domain/sub- Item ICC ICC ICcC ICC 10-19 years
domain code all subjects  <5:0 years 5:0-9:11 years [N = 16]
[N = 51] [N =20] [N = 15]

A Qualitative abnormalities in reciprocal social .96 93 97 95
interaction

Al Failure to use nonverbal behaviors to regulate social .92 91 94 91
interaction

A2 Failure to develop peer relationships 95 92 92 90

A3 Lack of shared enjoyment .96 .94 98 97

A4 Lack of socioemotional reciprocity 91 93 .89 .88

B Qualitatil\/c abnormalities in communication 97 .95 .96 .98

Bl Lack of, or delay in, spoken language and failure to .93 94 91 92
compensate through gesture

B4 Lack of varied spontaneous make-believe or social .96 .93 97 .98
imitative play

B2(V) Relative failure to initiate or sustain conversational .92 .90 92 .69
interchange

B3(V) Stereotylied, repetitive, or idiosyncratic speech 92 .96 95 77

C Restricted, repetitive, stereotyped patterns of 95 .96 .96 87
behaviour

Cl Encompassing preoccupation or circumscribed 94 97 92 .81
pattern of interest

Cc2 Apparently compulsive adherence to non-functional .86 .85 80 81
routine§ or rituals

C3 Stereotyped and repetitive motor mannerisms .86 .85 13 96

C4 Preoccupations with part of objects or non- .82 .89 94 62
functional elements of material
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Table 4 Discriminant validity: mean scores of diagnostic algorithm items, subdomains, and domains

Items
|

(1) AD
[N = 138]

(2) PDDNOS
[N = 89)

(3) Non-ASD
IN = 90]

Statistics

Al. Failure to use nonverbal
behaviors to regulate social
interaction

50. Direct gaze

51. Social smiling

57. Range of facial expressions
used to communicate

A2. Failure to develop peer
relationships

49. Imaginative play with peers

'

62. Interest in children

63. Response to approacﬂes of
other children

64. Group play with peeré

65. Friendships

A3. Lack of shared enjoyment

52. Showing and directing
attention :

i

1

3.8 (L7

1.5 (0.9)

1.9 (1.1)

1.2 (L.0)

5.7 (1.9)

2.1 (0.9)

1.9 (1.1)

1.3 (0.9)

2.2 (0.8)

1.6 (1.1)

43 (1.7)

1.5 (1.2)

2.6 (2.0)

1.1 (1.0)

14 (1.2)

0.8 (1.0)

44 2.1

1.9 (1.0)

1.4 (1.1)

1.1 (0.8)

1.8 (0.9)

1.7 (0.9)

3.7(1.8)

1.0 (L.1)

0.2 (0.6)

0.0 (0.3)

0.1 (0.4)

0.0 (0.1)

0.7 (1.1)

0.2 (0.6)

0.1 (0.4)

0.1 (0.3)

0.4 (0.7)

0.2 (0.5)

0.7 (1.2)

0.0 (0.3)

F(2, 314) = 138.4, p < 0.001
1>3:p<0.001

2>3:p <0001
1>2:p<0.001

F(2, 227) = 61.5, p < 0.001
1 >3:p<0.001

2>3:p <0.001

1> 2: p=0.002

F(2, 230) = 60.5, p < 0.001
1> 3:p<0.001

2> 3: p < 0.001
1>2:p=001

F(2, 231) = 34.1, p < 0.001
1> 3:p<0.001

2> 3:p <0.001
1>2:p=003

F(2, 314) = 226.5, p < 0.001
1>3:p <0001

2>3: p <0001

1>2: p<0.001

F(2, 224) = 95.4, p < 0.001
1> 3: p <0.001

2>3: p <0.001

1>2:NS

F(2, 229) = 63.1, p < 0.001
1>3: p <0.001
2>3:p<0.001
1>2:p=00!

F(2, 226) = 50.25. p < 0.001
1>3:p<0.001
2>3:p<0.001

1>2:NS

F(2, 221) = 94.7, p < 0.001
1>3:p<0.001

2>3: p<0.001
1>2:p<0001

F(2, 139) = 194, p < 0.001
1>3:p<0.00l1

2> 3: p <0.001

1>2:NS

F(2, 314) = 146.3, p < 0.001
1>3:p <000l

2>3: p <0001
1>2:p=0.006

F(2, 229) = 39.3, p < 0.001
I >3:p <0001

2> 3: p <0.001
1>2:p=001
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Table 4 continued

Items (1) AD (2) PDDNOS
[N = 138] [N = 89]

(3) Non-ASD
[N = 90]

Statistics

53. Offering to share ' 2.0 (0.9) 17 (L1)

!
i
54. Seeking to share enjoyment 1.4 (0.7) 1.2 (0.8)

with others
I

Ad4. Lack of socioemotional 6.0 (2.1) 4.3 (2.2)
reciprocity !

31. Use of other’s body to 1.0 (1.2) 0.8 (1.0)
communicate

55. Offering comfort . 2.1 (1.1) 1.7 (1.3)

56. Quality of social overtures 1.7(1.2) 1.2 (L1)
|

58. Inappropriate facial 0.9 (0.8) 04 (0.6)
expression

59. Appropriateness of social 1.7 (1.1) 1.4 (1.2)
responses

0.2 (0.5

0.1 (0.3)

0.7 (1.1)

0.2 (0.5)

0.0 (0.2)

0.1 (0.2)

0.0 (0.3)

0.2 (0.6)

F(2,227) = 754, p < 0.001
1>3: p<0.001

2>3:p <0001

1>2:NS

F(2, 229) = 81.5, p < 0.001
1>3:p <000l

2>3:p <0001

1>2:NS

F(2, 314) = 226.5, p < 0.001
1>3:p<0.00!

2> 3: p <0.001
1>2:p<0.001

F(2, 273) = 226.5, p < 0.001
1> 3: p<0.00!

2>3: p <0001

1>2:NS

F(2, 231) = 76.5, p < 0.001
1 > 3: p <0.001

2>3: p <0.001

1>2:NS

F(2, 225) = 49.9, p < 0.001
1 >3: p<0.001

2> 3: p <0.001
I>2:p=002

F(2, 293) = 48.5, p < 0.001
1>3:p<0.001

2>3: p <0.001
1>2:p<0.001

F(2, 227) = 47.1, p < 0.001
I >3: p <0.00l

2> 3: p <0.001

1>2:p <0001

A. Quantitative abnormalities in 19.9 (5.3) 14.8 (6.4)
eciprocal social interaction

2327

F(2, 314) = 330.6, p < 0.001
1 >3: p<0.001
2> 3: p <0001
1>2:p<0.001

B1. Lack of, or delay in, spoken 4.1 2.5) 3022
language and failure to
compensate through gesture

42. Pointing to express interest 1.2 (0.9) 0.9 (0.9)

0.6 (1.2)

0.1 04)

F(2, 314) = 79.1, p < 0.001
I>3:p<0.001

2>3: p <0001
1>2:p<0.001

F(2, 227) = 384, p < 0.001
1 >3:p<0.001

2> 3: p< 000!

1>2:NS
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Table 4 continued

Items

(1) AD
[N = 138]

(2) PDDNOS
N = 89]

(3) Non-ASD
[N = 90}

Statistics

43. Nodding

44. Head shaking
i

45. Conventional/instrumental

gesture |

[

B4. Lack of varied spontancous
make-believe or social imitative
play '

47. Spontaneous imitation of
actions

48. Imaginative play .

61. Imitative social play |,

B2(V). Relative failure to initiate

or sustain conversational
interchange

34. Social verbalization/chat
35. Reciprocal conversation

B3(V). Stereotyped, repetitive, or
idiosyncratic speech

33. Stereotyped utterances and
delayed echolalia

0.9 (0.8)

0.8 (0.9)

1.4 (1.0)

42 (1.8)

22(LD)

2.0 (1.1

1.5 (0.9)

3.1(1.3)

1.7 (0.6)

1.8 (0.7)

29 (1.8)

L1 (LD

0.4 (0.6)

0.5 (0.8)

0.9 (1.0)

2.8 (2.0

1.7 (1.2)

L5 (L.1)

L1 (1.0)

1.9 (1.6)

1.4 (0.8)

1.4 (0.8)

2.1 (1.8)

0.6 (0.8)

0.0 (0.2)

0.1 (0.2)

0.1 (0.3)

0.6 (1.1)

0.2 (0.6)

0.2 (0.6)

0.0 (0.1)

0.5 (1.1)

0.5 (0.7)

0.2 (0.6)

0.9 (1.3)

0.1 (0.4)

F(2, 314) = 33.8, p < 0.001
1>3:p<0.001
2>3:p=001
1>2:p<0.001

F(2, 224) = 21.3, p < 0.001
1> 3: p <0.001

2> 3: p=0.003
1>2:p=003

F(2, 228) = 41.7, p < 0.001
1>3:p<0.001

2>3: p <0001
1>2:p=0002

F(2, 314) = 124.9, p < 0.001
1> 3: p <0.001
2>3:p<0.001
1>2:p<0.001

F(2, 314) = 72.0, p < 0.001
1>3:p<0.001

2> 3: p<0.001
1>2:p<0001

F(2, 227) = 124.9, p < 0.001
1>3:p<0.001

2>73: p<0.001
1>2:p=0004

F(2, 226) = 53.9, p < 0.001
1>3:p<0.00l

- 2>3:p<0.001

1>2: p=0.003

F(2, 307) = 979, p < 0.001
1 >3:p<0.001

2> 3: p < 0.001
1>2:p<0.001

F(2, 314) = 67.5, p < 0.001
1>3: p<0.001

2> 3: p <0.001
1>2:p=001

F(2, 242) = 112.6, p < 0.001
1>3:p<0.00]

2> 3: p<0.001

1>2: p=0.005

F(2, 314) = 41.2, p < 0.001
1> 3:p<0.001

2>3:p <0001
1>2:p=0.004

F(2, 257) = 30.2, p < 0.001
1 >3: p <0001

2> 3: p = 0.008

1>2:p <0001
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Table 4 continued

Items (1) AD (2) PDDNOS (3) Non-ASD Statistics
. [N = 138] [N = 89] [N = 90]
36. Inappropriate questions or 1.2 (0.8) 0.6 (0.7) 0.3 (0.5) F(2, 258) = 45.7, p < 0.001
statements ; 1> 3: p <0.001
2>3:p=0.02
1>2: p<0.001
37. Pronominal reversal . 0.3 (0.7) 0.1 (0.4) - 0.2 (0.5 F(2, 221) = 2.0, p = 0.13
5 NS ‘
38. Neologisms/idiosyncfatic 04 (0.7) 0.2 (0.4) 0.2 (04) F(2, 257) = 5.9, p = 0.003
language ! 1>3:p =002
| 2>3:NS
1>2:p=0.01
BV. Qualitative abnormalit;ies in 14.3 (4.1) 9.7 (4.4) 2.5 (3.2) F(2, 260) = 210.9, p < 0.001
communications, verbal subjects 1> 3: p <000l
2>3: p<0.001
1 1>2:p<0.001
BNV. Qualitative abrormalities in 12.6 (4.9) 9.0 4.4) 2.3 (2.5) F(2, 51) = 21.0, p < 0.001
con'xmunications, non-verbal 1> 3: p < 0.001
subjects 2> 3: p < 0.005
1>2:p=002
C1. Encompassing preoccupation 1.9 (1.1) 0.9 (1.0) 0.3 (0.6) F(2, 314) = 80.6, p < 0.001
or circumscribed pattern of 1> 3: p <0.001
nterest i 2> 3: p < 0.001
1>2:p<0.001
67. Unusual preoccupation 1.0 (0.9) 04 (0.7) 0.1 (0.3) F(2, 303) = 40.3, p < 0.001
1 >3:p <0001
2> 3: p = 0.006
: _ 1>2:p<0.001
68. Circumscribed inte:restI 1.1 (0.8) 0.5 (0.7) 0.2 (0.5) F(2, 294) = 40.5, p < 0.001
‘ 1> 3:p<0.001
| 2> 3: p < 0.001
. 1>2: p<0.001
C2. Apparently compulsive; 14 (1.2) 0.7 (1.1) 0.2 (0.6) F(2, 314) = 36.3, p < 0.001
adherence to non-functional 1>3: p <000l
routines or rituals 2>3:p =001
1>2:p<0.001
39. Verbal rituals ‘ 0.8 (0.9) 0.4 (0.7) 0.1 (0.3) F(2, 314) = 20.6, p < 0.001
i 1>3:p<0.001
2>3:p=0.03
1>2:p=0.004
70. Compulsions/rituals E 0.9 (1.0) 0.5 (0.9) 0.2 (0.5) F(2, 302) = 18.1, p < 0.001
’ 1> 3: p <0.001
2>3:NS
1>2:p=0.002
C3. Stereotyped and repetitive 0.9 (0.9) 0.5 (0.8) 0.2 (0.6) F(2, 314) = 194, p < 0.001
motor mannerisms 1>3:p<0.00!
2>3:p=0.03
' 1>2:p=003
aQ Springer
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Table 4 continued

Items (1) AD (2) PDDNOS (3) Non-ASD Statistics
N = 138] [N = 89] [N = 90]
77. Hand and finger mannerisms 04 (0.7) 0.2 (0.5) 0.1 (0.4) F(2, 302) = 9.6, p < 0.001
1>3:p<0.001
2> 3: NS
1>2:p=10.004
78. Other complex mannerisms 0.8 (0.9) 0.4 (0.7) 0.1 (0.4) F(2, 303) = 21.5, p < 0.001
or stereotyped body 1> 3: p <000l
movements
2>3:p=004
, 1> 2: p=0.001
C4. Preoccupations with part of 1.4 (0.7) 0.8 (0.7) 0.3 (0.6) F(2, 314) = 66.5, p < 0.001
objects or non—fun'ctional 1> 3: p <000l
elements of material 1 2> 3: p <0001
‘ 1>2: p<0.001
69. Repetitive use of objects or 1.2 (0.9) 0.5 (0.7) 0.2 (0.4) F(2, 303) = 59.1, p < 0.001
interest in parts of objects 1> 3: p <0001
2> 3: p =0.006
1>2: p <0001
71. Unusual sensory interests 0.7 (0.7) 0.5 (0.6) 0.2 (0.5) F(2, 301) = 21.7, p < 0.001
' 1 >3: p<0.001
2> 3: p=0.006
1 >2:p=0.006
C. Restricted, repetitive, and 5.5 (24) 2.9 (2.5) 1.1 (1.8) F(2, 314) = 106.6, p < 0.001
stereotyped patterns of behaviors 1 > 3: p <0.001
2> 3: p<0.001
1 >2: p<0.001

NS not significant

for all items, F test); the only exception was “Pronominal
reversal (item 37)” (p = 0.13). For the post hoc analysis,
the mean scores for all items, except item 37, differed
significantly between the AD and non-ASD groups. In
addition, the mean scores for all items differed significantly
between the PDDNOS jand the non-ASD groups, with the
exception of “Neologism (item 38)” (p = 0.87, post hoc
test with Bonferroni correction); “Compulsions (item 70)”
(p = 0.15, post hoc test with Bonferroni correction); and
“Hand and finger mannerisms (item 77)” (p = 0.22, post
hoc test with Bonferroni correction).

As regards the subdomains (A1-A4, B1-B4, C1-C4), all
showed a significant difference in mean scores across the
three diagnostic groups using one-way ANOVA (AD vs.
PDDNOS vs. non-ASD; p < 0.001 for all subdomains, F
test; Table 4). For the post hoc analyses, the mean of all
subdomain scores revealed a significant difference between
the AD and non-ASD, PDDNOS and non-ASD, and AD and
PDDNOS groups. ,

As for domains A, B (BV/BNYV), and C, the mean scores
for all 3 domains were significantly different across the
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three diagnostic groups with one-way ANOVA (AD vs.
PDDNOS vs. non-ASD; p < 0.001 for all domains, F test;
Table 4). For the post hoc analysis, the mean scores for all
domains were significantly higher in the AD than in the
non-ASD group (p < 0.001 for domains A, BV, BNV, and
C, post hoc test with Bonferroni correction), and were
higher in the PDDNOS than in the non-ASD group
(p <0001 for domains A, BV, and C, p = 0.005 for
domain BNV, post hoc test with Bonferroni correction).
Likewise, the mean scores of all domains were significantly
higher in the AD than in the PDDNOS group (p < 0.001
for domains A, BV, and C, p = 0.02 for domain BNV, post
hoc test with Bonferroni correction).

Similar comparisons of mean scores of the three
domains were repeated after stratification according
to three age bands (<S5:0 years, 5:0-9:11 years, and
10-19 years; see Appendix Table 3 in supplementary
materials). For those individuals below 5 years of age, the
mean scores for all domains were significantly higher
in the AD (N =11) than in the non-ASD group
(N = 45)(p < 0.001 for domain A, p = 0.01 for domain
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BV, p < 0.001 for domain BNV, p = 0.002 for domain C,
post hoc test with Bonferroni correction), and significantly
higher in the PDDNOS (N == 33) than in the non-ASD
group (p < 0.001 for'domain A and BV, p = 0.005 for
domain BNV, p = 0.03 for domain C, post hoc test with
Bonferroni correction). However, no significant difference
was found between the AD and PDDNOS groups in any of
the domains (p = 0.19 for domain A, p = 0.93 for domain
BV, p = 0.33 for domain BNV, p = 0.29 for domain C,
post hoc test with Bonferroni correction). As for those
individuals aged 5:0-9:11 years, the mean scores of all
domains (A, BV, and C; note that no group comparison
was conducted in domain BNV, because there was only
one nonverbal subject in the non-ASD group in this age
band) were signiﬁcaml& higher in the AD (N = 37) than in
the non-ASD group (N = 28) (p < 0.001 for domains A,
BV, and C, post hoc test with Bonferroni correction), and
were significantly higher in the PDDNOS (N = 22) than in
the non-ASD group (p < 0.001 for domains A, BV, and C,
post hoc test with Bqnferroni correction). Similarly, the
mean scores for all three domains were significantly higher
in the AD than in the PDDNOS group (p = 0.01 for
domains A and C, p = 0.03 for domain BV, post hoc test
with Bonferroni correction). As for those individuals aged
10-19 years, the mean scores for all three domains (A, BV,
and C; no group corﬂparison was conducted in domain
BNV, because there was only one nonverbal subject in the
non-ASD group in this!age band) were significantly higher
in the AD (N = 90) than in the non-ASD group (N = 17)
(p < 0.001 for domains A, BV, and C, post hoc test with
Bonferroni correction).; Likewise, the mean scores for all
domains except domain C were higher in the PDDNOS
(N = 34) and non-ASD groups (p < 0.001 for domains A
and BV, p = 0.07 for domain C, post hoc test with Bon-
ferroni correction); moreover, for all domains, mean scores
were also higher in the AD than in the PDDNOS group
(p = 0.002 for domain A, p < 0.001 for domain BV and C,
post hoc test with Bonferroni correction).

Again, the same analyses were conducted over two
groups of 1Q/DQ level (<70 vs. >70; see Appendix
Table 4 in supplementary materials). For those individuals
with an IQ/DQ of <70, the mean scores for all domains (A,
BV/BNV, and C) were significantly higher in the AD
(N = 18) than in the non-ASD (N = 8) group (p < 0.001
for domains A and C, p = 0.007 for domain BV and
p = 0.05 for domain BNV, post hoc test with Bonferroni
correction). The mean scores for domains A and BV were
significantly higher in the PDDNOS (N = 9) than in the
non-ASD group (N = 8), but no significant difference was
found for domains BNV, and C (p < 0.001 for domain A,
p = 0.05 for domain BV, p = 0.13 for domain BNV,
p = 0.99 for domain C, post hoc test with Bonferroni
correction). A significant difference in mean scores
between the AD and PDDNOS groups was found only in
domain C (p = 0.99 for domain A, p = 0.08 for domain
BV, p = 0.99 for domain BNV, p < 0.001 for domain C,
post hoc test with Bonferroni correction). In turn, for those
individuals with an IQ/DQ of >70, mean scores for all
domains were significantly higher in the AD (N = 120)
than in the non-ASD group (N = 82) (p < 0.001 for
domains A, BV, BNV, and C, post hoc test with Bonferroni
correction), higher in the PDDNOS (N = 80) than in the
non-ASD group (p <0.001 for domains A, BV, C,
p = 0.002 for domain BNV, post hoc test with Bonferroni
correction), and higher in the AD than in the PDDNOS
group (p < 0.001 for domains A, BV, C, p = 0.01 for
domain BNV, post hoc test with Bonferroni correction).

Diagnostic Validity: Agreement with Consensus Clinical
Diagnosis of AD

In our analysis of the overall diagnostic validity of the Japa-
nese version of ADI-R, we found that across all individuals,
the sensitivity, specificity, PPV, and NPV of the test were very
high (92, 89, 87, and 93 %, respectively; Table 5). Similar
results were also obtained for age groups 5:0-9:11 years and

Table 5 Diagnostic validity: agreement with consensus clinical diagnosis among those with algorithm diagnosis of AD

Sensitivity (%)

Specificity (%)

PPV (%) NPV (%)

Consensus clinical diagnosis: Autistic disorder [N = 138])

Algorithm diagnosis of AD: Domain A > 10 AND (Domain BV > 8 for verbal OR BNV > 7 for non-verbal subjects) AND Domain C > 3

AND Domain D > 1 (Rutter et al. 2003)

All individuals [N = 317] ’ 92
Age: below 4:0 [N = 73] 53
Age: below 5:0 [N = 89] 55
Age: 5:0-9:11 [N = 87] 92
Age: 10:0 and older [N = 141} 97
1Q/DQ: below 70 [N = 35] 94
IQ/DQ: 70 and over [N = 282] 92

89 87 93
92 55 92
92 50 93
84 81 93
90 95 94
100 100 94
88 85 93

Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
i

@ Springer

- 267 —



J Autism Dev Disord

older, and for IQ/DQ grpupin gs below 70 and at 70 and above.
Consistent with our initial hypotheses, the sensitivity and PPV
for ages below 4 and below 5 years were both poor, ie.,
between 50 and 55 %, respectively.

Overall test sensitivity, or the proportion of individuals
with AD (N = 138) who were correctly categorized as
having AD using ADI-R-JV, was as high as 92 %, indi-
cating excellent clinical significance, which was also
shown for the evaluation of individuals aged 5:0-9:11 and
age 10 years and oideé, and for those individuals at either
cognitive level assessefd, i.e., with a score of <70 or >70.
However, for individuéls aged below 5 years, a sensitivity
of 55 % was found, iindicating a poor level of clinical
significance. !

On the other hand,?among individuals without a con-
sensus clinical diagnosis of AD (N = 179), 159 were also
judged mnot to have AD based on ADI-R-JV algorithm
diagnosis, i.e., the spé;ciﬁcity of ADI-R-IV for correctly
excluding AD was 8% % (159/179), indicating excellent
clinical significance. ',I;his clinically excellent specificity
was replicated for ind%ividuals in each of the three age
bands, and for both IQ/DQ bands examined.

Discussion

In the present study, w

e reported the inter-rater reliability,

discriminant validity, and diagnostic validity of the Japa-

nese Version of ADI-R

Reliability of ADI-R-JV

In agreement with our
algorithm items of AL
which ‘was also consis

studies (Hill et al. 200,

among the 42 algorithi
58) showed Kw wvalu

(ADI-R-JV).

hypotheses, the Kw values for all
DI-R-JV exceeded a value of 0.6,
tent with the findings of previous
; Lord et al. 1994). Furthermore,
n items, all but two (items 39 and
es in excess of 0.75, indicating

excellent inter-rater reliability; the two exceptions showed
Kw values of 0.60~0.75, indicating good inter-rater

reliability.

We also investigate
rater reliability would
limited to individuals
Again, the ICCs for all
0.75 (excellent) among

1 whether the measures for inter-
decrease when the analysis was
in specific age bands (Table 3).
domains and subdomains exceeded
individuals aged less than 5 years,

and the ICCs for all but 1 (C3) subdomain exceeded 0.75

(excellent) among ind

viduals aged 5:0-9:11 years. Of

note, ICCs can be seen as reflecting a good to excellent
level of clinical significance, regardless of the age of the
examinee. It is worth mentioning in this context that the
ICCs became smaller in subdomains B2(V), B3(V), Cl,
C2, and C4 if the examinees were 10 years old or older.
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This tendency, i.e., smaller ICC values of the age band of
10 years and older; should first be discussed in light of the
definition of inter-rater reliability, which can be easily
compromised when the degree of experience and training
of pairs conducting the interviews differs. When such a
difference in experience occurred in the present study,
compromised ICCs should have been observed irrespective
of a subject’s age, since the two raters were selected on a
random basis from each site. Furthermore, the raters who
administered ADI-R-JV were {ully and equally experi-
enced after the official training sessions. Therefore, the
compromised ICCs for those subjects 10 years old and
older did not seem to reflect a bias stemming from
assessment skills. There is agreement between our findings
and previous results showing lower scores {or items under
domain C than for items under domains A and B (Hill et al.
2001; Lord et al. 1994). Specifically, the inter-rater reli-
ability of items under domain C would be particularly
likely to be compromised when the examinees were older
(i.e., 10 years and older), probably due to the uncertain
recall of remote episodes. However, since we only obtained
limited findings regarding inter-rater reliability upon
assessment of adolescent subjects, elaboration on this topic
remains difficult. ;

On the other hand, ICCs were not lower when the
analysis was limited to the examination of individuals with
an intellectual  disability (IQ/DQ < 70), or when only
males or females were included in the analysis (Table not
shown). Rather, under no circumstances did we observe a
Kw or ICC below 0.6 (Table 3). These findings strongly
indicate the satisfactory inter-rater reliability of ADI-R-JV,
i.e., the translated version appears to be as reliable as the
original ADI-R in English.

Validity of ADI-R-JV
Discriminant Validity

Mean scores for three domains (A, B[BV/BNV], and C)
were significantly higher in the AD group than in the
PDDNOS and the non-ASD groups. indicating that the
discriminant validity of ADI-R-JV was stable. Thus, our
results appear to be consistent with the findings of previous
pivotal studies investigating younger individuals with AD
(Lord et al. 1993; Saemundsen et al. 2003); even in those
with concomitant developmental delay (Gray et al. 2008).

Originally, ADI-R was designed to detect AD, not ASD
(Lord et al. 1994). Therefore, in the current analysis, we
expected not only that the mean scores for all domains
would be higher in the AD group than in the non-ASD
group, but also that they would be higher in the AD than in
the PDDNOS group. These two hypotheses held true when
the analysis included all study participants (N = 317).
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However, the latter hypothesis (mean scores for AD >
mean scores for PDDNOS) did not hold true when the
analysis was limited to individuals less than 5 years
of age (Appendix Table 3 in supplementary materials).

Presumably, one of th
discriminability (i.e.,
PDDNOS reflected in
viduals) was that it i

e main reasons for the compromised

no difference between AD and
ADI-R-JV scores for younger indi-
s difficult to differentiate AD from

PDDNOS in individuals younger than 5 years of age

(Turner and Stone 20
finding may also have
diagnostic algorithms
aged 4 years and older
and for those younger
behavior). Thus, it wo

7). On the other hand, the present
been due to biases; for instance, the
were prepared separately for those
(based on current and past behavior)
han 4 years of age (based on current
uld be possible that the discriminant

validity would differ for individuals younger than 4 years

old and for individuals

between 4 and 5 years old. We thus

analyzed a restricted sample of individuals below 4 years of
age (N = 73), and found that the mean scores for domain A
were 14.5 for AD, 11.4 for PDDNOS, and 3.1 for non-ASD.

These results indicated that the mean was slightly higher in
the AD group than in the PDDNOS group (p = 0.051, after
Bonferroni correction),% whereas the mean scores for domain
BV/BNV and domain C did not reveal such differences
between the AD and PDDNOS groups, suggesting that the

choice of algorithm according to age may have at least
partly affected the results for younger individuals.

As regards to the a

bove results stratified by age, atten-

tion should be paid to our sample selection; among indi-

viduals below 5 years
PDDNOS, whereas 64
among individuals wh

of age, 12 % had AD and 33 % had
% had AD and 24 % had PDDNOS
0 were 10 years old or older. These

figures are consistent with differences in mean age across
the three diagnostic géoups shown in Table 2, and that a
sample bias influenced the results. If we were to have
recruited younger chiildren with AD in the analysis, a
higher level of discriiminalion among subgroups would
likely have been observed.

Discriminant validity was also compromised for indi-
viduals with an imel]feclual disability (JQ/DQ < 70, see
Appendix Table 4 in sfupplememaxy materials). Again, we
expected that the mean scores for all domains were higher
in the AD group than in both the non-ASD and PDDNOS
groups. The first hypoﬁhesis (mean scores for AD > mean
scores for non-ASD) held true for all domains, regardless

of 1Q level. However,
for AD > mean scores
domain C among ind
instead, the relations
NOS > mean scores fi

the second hypothesis (mean scores
for PDDNOS) held true only for
ividuals with an IQ/DQ of < 70;
hip of mean scores for PDD-
or non-ASD was not observed for

domain C among individuals with an IQ/DQ of < 70.

These results suggest
arriving at a diagnosis

that the relevance of domain C in
f AD may differ from the relevance

of domains A and B, particularly for individuals with a
developmental delay. This issue has already been addres-
sed in the literature; some authors have argued that the
exclusion of domain C may improve discriminability
between toddlers with and without ASD (Ventola et al.
20006). Furthermore, Lord and Jones (2012) reviewed that
compared to symptoms under the social interaction and
communication domains, symptoms under the repetitive
behavior domain (domain C) are more heterogeneous
across individuals and context-dependent, and thus care-
givers may not consistently notify clinicians about domain-
C symptoms. Our findings appear to be in line with the
results of these previous studies. Specifically, individuals
with a consensus diagnosis of AD with concomitant cog-
nitive delay would be diagnosed as having Social Com-
munication Disorder according to the proposed version
in the DSM-5 (http://www.dsmS.org/ProposedRevision/
Pages/NeurodevelopmentalDisorders.aspx), using ADI-R-
JV. This issue still needs to be addressed in future studies.
Thus far, the overall discriminant validity of ADI-R-JV has
been shown to be sufficient, although it appeared compro-
mised for the assessment of younger individuals and indi-
viduals with concomitant cognitive delay. Potential biases and
the limited statistical power of the present study should be
noted, as these factors might have resulted in the finding of
compromised discriminability among younger individuals.
As shown in Table 4, “Pronominal reversal (item 37)”
showed no statistical difference among the three diagnostic
groups. This finding was of interest in terms of language
use, because in Japanese conversations, personal pronouns
are not as frequently used as they are in English. In addi-
tion, even when personal pronouns are not used, there are
no verbal conjugations in Japanese that correspond to those
in Latin-derived languages. We are certain that this specific
feature of the Japanese language allowed the mean scores
on item 37 to remain fairly close to zero. Nevertheless, this
concern did not in any way affect discriminability among
domain scores, nor was diagnostic validity affected.

Diagnostic Validity

The sensitivity of ADI-R-JV with respect to correctly
diagnosing autistic disorder was 92 %, indicating that the
overall sensitivily of the instrument is excellent. Moreover,
the algorithm’s overall specificity, which was shown to be
89 %, was determined to be good. Likewise, the overall
PPV and NPV were 89 and 93 %, respectively, indicating
good to excellent clinical significance, consistent with our
expectations. These figures were similar or even better than
those obtained in a recent study using a translated version of
ADI-R administered to individuals with a mean age of
10 years (Lampi et al. 2010). However, in the current study,
the corresponding sensitivity decreased to 55 % (indicating
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