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Table 2. Past history of the ASD participants (N = 154)

Early developmental concerns N (%)
Absent 29 (19.5)
Present 120 (80.5)

Age at first concern (median age) 30 months
Age at referral 48 months
Age at first diagnosis 123 months

Speech level at 6 years
Words or two-word phrases 34 (24.8)
Sentences with more than three words 103 (75.2)

Early diagnoses before 4 years
Diagnosed? 29 (18.8)

Service utilization?

No utilization at any time 124 (80.5)
Continuous utilization through the entire life stages 22 (14.3)

*Includes diagnoses of ASD and other developmental disorders.
bService refers to having professional advicé regularly, participating in some therapeutic programs, receiving special
educational aid.

Quality of life. ~Subjective QoL was measured using the WHOQOL-BREF, which is derived from
the 100-item WHOQOL (The WHOQOL Group, 1995). The WHOQOL was developed to measure
individuals® perceptions of their position in life in the context of the culture and value systems in
which they live, and in relation to their goals, expectations, standards, and concerns, and is used
widely and internationally. Its use has been validated for various populations, including psychiatric
patients worldwide. Its shorter version, the WHOQOL-BREF, comprises 26 items on four domains
of QoL.: physical health, psychological health, social relationships, and environment. For the pur-
pose of the present study, the six items of the ‘psychological health’ domain (bodily image and
appearance, negative feelings, positive feclings, sclf-estcem, thinking, learning, and memory and
concentration) and the three items of the ‘social relationships’ domain (personal relationships,
social support, and sexual activity) of the Japanese version of the WHOQOL-BREF (WHOQOL
26) (Nakane et al., 1999; Tazaki and Nakane, 2007) were used. Each item is assessed by an indi-
vidual diagnosed with ASD on a 5-point scale (1 = very poor/very dissatisfied/not at all; 2 = poor/
dissatisfied/a little; 3 = neither poor nor good/a moderate amount; 4 = good/satisfied/very much;
5 = very good/very satisficd/extremely). The mean scores of these two domains were analysed.

Current family support. The family support situation was determined by responses to the question,
‘Regarding the physical and psychological support provided by his/her family member, do you think
it is actually helpful for him/her?’ The facility staff who knew the person well answered using a
S-point rating scale (1 = very helpful; 2 = somewhat helpful; 3 = not helpful or unhelpful; 4 = not very
helpful; 5 = not at all helpful) for the case of the father, mother, and sibling, respectively (Table 3).

Demographic characteristics. Demographic information was obtained through 17 items rated by
parents, and included gender, age, residential status, marital status, education, employment, medi-
cal conditions, and challenging behaviors. In this study, we asked questions requiring yes or no
answers regarding the presence or absence of self-injurious behaviors and aggressive behaviors.
Self-injurious behaviors were defined as any kind of behaviors in which the ASD participants hurt
themselves. Aggressive behaviors were defined as violent behaviors toward family members or
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Table 3. Current family support to the ASD participants (N = 154)

N (%)

Father

Helpful 60 (39.0)

Not helpful 63 (40.9)

No father or unknown 31 (20.1)
Mother

Helpful 119 (77.3)

Not helpful 15 (9.7)

No mother or unknown 20 (13.0)
Sibling

Helpful 35 (22.7)

Not helpful 82 (53.3)

No sibling or unknown 37 (24.0)

other people, verbal aggression as statements such as ‘Die” or ‘T will kill you’, and destructive
behaviors as thosc causing serious material damage. The most important items are shown Table 1.

Past history.  Developmental information was obtained through 19 items rated by the parents, and
included age at parental concern, age at diagnosis, expressive language level at age 6, and service
utilization. The most important items are shown in Table 2.

The self-rating part of the survey questionnaire was pilot tested in several clinical settings to
confirm the ease of completion. It was confirmed that individuals with HFASD were able to
understand and complete it satisfactorily, at levels similar to other psychiatric patients (Koyama
et al., 2009).

Statistical analysis

First, to compare the QoL domain scores for our ASD participants with those for a healthy J apanese
population obtained using stratified sampling methods (N = §28; 410 males; aged 20-49) (Nakane
etal., 1999; Tazaki and Nakane, 2007), the raw domain scores were converted to z scores using the
mean and standard deviation of the Japanese standardization sample by gender and by age group
(20-29, 30-39, 40-49) (Tazaki and Nakane, 2007). To obtain the z scores of participants 18-19
years of age, we applied the mean and standard deviation for the age range of 20-29 years to their
raw QoL domain scores. Second, Pearson correlations were calculated to assess associations between
performance in the cutrent environment and QoL in both the psychological health and social rela-
tionships domains. Third, using two sample #-tests, z scores of the QoL domain scores were compared
between subgroups of the following demographic characteristics: gender (male vs. female), age
(s 24, 25+), residential status (independent living vs. other), marital status (unmarried vs. other),
education (shigh school vs. additional higher education), employment (unemployed vs. other),
medical conditions and challenging behaviors (present vs. absent), sentence level at 6 years of age
(present vs. absent), diagnosis before 4 years of age (present vs. absent), and service utilization
(none vs. continuous). For current family support, the responses were classified into two categories
of *helpful’ (1, 2) and ‘not helpful’ (3, 4, 5). Finally, a stepwise multiple regression analysis was
used to identify the most important characteristics in predicting QoL domain scores. As independent
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Table 4. Means and SD for raw scores on psychological and social domains of WHOQOL 26 rated
by ASD participants themselves (N = 154), and z scores converted from the raw scores of the ASD
participants (N = 154)

QOL domain® Mean (SD) t p 95% confidential interval
Psychological health

Raw score 2.78 (0.74)

Z score ~.80 (1.24) -80 .000} ~1.0 t0 —.60
Social refationships

Raw score 2.71 (0.82)

Z score -.63 (1.25) -6.2 0001 ~-.83 to —43

3Psychological domain contains six items (1-5) and social domain contains three items (1-5). The mean raw domain
scores of the ASD participants were converted to z scores using the mean and standard deviation of the Japanese
standardization sample by gender and by age range (20-29, 30-39, 40—49) (Tazaki and Nakane, 2007).

variables, characteristics that were found to be significant on #-tests and all the demographic char-
acteristics were used. A p-value < .05 was considered to indicate statistical significance. Statistical
analysis was performed using SPSS version 18.0 (SPSS Inc., Chicago, USA).

Resuits
Psychological and social aspects of QoL in the ASD participants

The raw score means of the ‘psychological health’ and ‘social relationships’ domains of the WHOQOL
26 as rated by the ASD participants were 2.78 and 2.71, respectively (Table 4), whereas those of
the Japanese standardization sample aged 20-49 ranged from 3.26 to 3.32 for the psychological
health domain and from 3.19 to 3.25 for the social relationships domain, varying slightly by gender
and age (Tazaki and Nakane, 2007). The differences in mean z scores of the ASD participants from
those of the Japanese standardization sample were -0.80 for the psychological domain and -0.63
for the social domain, indicating that psychological and social aspects of QoL of the ASD participants
were significantly lower (worse) than those of the healthy Japanese population (p < .000 for both).

Associations between psychological and social QoL and performance in the
current environment in the ASD participants

Pearson correlations revealed that the QoL scores in both psychological and social domains for the
ASD participants were not significantly correlated (r = 0.06 and r = 0.01, respectively, n.s.) with
everyday performance in the current environment. This may be interpreted to suggest that the psy-
chological and social domains of QoL capture more of the subjective aspects of QoL, and not
objective function or capacity.

Factors related to psychological and social QoL in the ASD participants

As shown in Table 5, r-tests revealed that higher QoL was significantly associated with being male
(p < .05 for psychological domain, p < .01 for social domain), having received a diagnosis before
4 years of age (p <.05 for psychological domain), and mother’s support being helpful (p <.001 for
both psychological and social domains). Lower QoL was significantly associated with suffering
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Table 5. Comparison between two ASD subgroups by demographic characteristics, medical conditions
past history, and current family support (N = 154)

Psychological health  Social relationships

domain Qol domain Qol.
Mean score t Mean score t
Demographic characteristics
Gender (male/female) 2.83 256  235% 273 260  2.68%
Age (18-24/25+) 276 279 034 280 264 077
Residential status (living with family/independent living) 278 273 049 274 227 L73
Marital status (unmarried/married or partnered) 278 274 037 272 246 137
Education (= high school/further higher education) 269 290 151 264 280 -1.14
Employment (unemployed/employed) 2.76 285 -048 269 280 -040
Medical conditions
Comorbid psychiatric conditions {absent/present) 291 258  276% 285 243 3.14%
Comorbid physical conditions (absent/present) 276 28% -038 271 260 042
Self-injurious behaviors (absent/present) 281 250 168 274 252 130
Aggressive behaviors (absent/present) 285 244 258% 280 236 2.38F
Past history

Sentence level at 6 years (word or two-word phrases/  3.05 2.7l 2.32% 293 2.65 1.64
sentence with more than three words)
Early diagnoses before 4 years (not diagnosed/diagnosed) 2.71 3.04 -2.02% 269 286 -1.i8
Service utilization (no use at any time/continuous use 277 304 -1.63 271 273 -0.13
through all life stages)

Current family support

Father (not helpful/helpful) 273 281 -073 266 285 -125
Mother (not helpful/helpful) 214 284 -400%F 191 284 450w
Sibling (not helpful/helpful) 271 272 000 261 283 -0.92

p<05, #p<.01, FH¥p<.001.

Table 6. Summary of a stepwise multiple regression analysis investigating the predictive variables
of demographic characteristics, medical conditions, past history, and current family support on Qol
‘psychological health’ domain scores of the ASD participants (N = 154)

Variables entered Standardized coefficients (f3) t p-value
Early diagnosis before 4 years 0.22 222 .05
Mother’s support being helpful 0.32 3.24 .01

Adjusted R?=0.16. Excluded variables by a stepwise procedure were gender, age, residential status, marital status,
education, employment, comorbid psychiatric conditions, aggressive behaviors, speech level at 6 years.

from comorbid psychiatric conditions (p < .01 for both psychological and social domains), behaving
aggressively (p < .01 for psychological domain, p < .05 for social domain), and having spoken
sentences at 6 years of age (p < .05 for psychological domain).

The results of multiple regression analysis are summarized in Tables 6 and 7. Mother’s support
being helpful emerged as significantly predictive of higher QoL for both the psychological and
social domains (f = 0.32, p <.01; § = 0.32, p < .001, respectively). In addition, having received
early diagnosis before 4 years of age was also significantly associated with higher psychological



Kamio et al.

Table 7. Summary of a stepwise multiple regression analysis investigating the predictive variables of
demographic characteristics, medical conditions, past history, and current family support on QOL ‘social
relationships” domain scores of the ASD participants (N = 154)

Variables entered Standardized coefficients ([3) t p-value
Aggressive behaviors: absent 0.18 215 .05
Mother’s support being helpful 0.32 3.69 .001

Adjusted R?=0.14. Excluded variables by a stepwise procedure were gender, age, residential status, marital status,
education, employment, comorbid psychiatric conditions.

QoL (B = 0.22, p < .05), and not having aggressive behaviors was significantly associated with
higher social QoL (f = 0.18, p <.05).

Discussion

The present study investigated long-term outcomes for adults with HEASD living in the community
in Japan, focusing on subjective aspects such as QoL, and also identified past and current environ-
mental factors that had (pseudo) predictive value. Our major findings are the following.

First, as expected, the self-reported QoL in the psychosocial domain of our sample with HFASD
over 18 years of age was found to be significantly lower than the gender- and age-matched healthy
Japanese population. The QoL was not found to be related to parent-reported performance level,
age, or conventionally used outcome indicators such as residential, marital, educational, and employ-
ment status. Although these conventional indicators are certainly important to consider as long-term
outcomes, psychosocial QoL in our adults with HFASD appeared not to be related to them. Thus,
our findings suggest that the QoL reported by adults with HFASD might be measuring an additional
independent aspect that should be considered in judging long-term outcomes in populations with
HFASD, which is in line with Renty and Roeyers (2006) and Ruble and Dalrymple (1996).

Second, receiving diagnosis before 4 years of age and mother’s support that met current needs were
determined to be factors associated with better psychological QoL for adults with HFASD. This find-
ing supports our prediction and is partially consistent with Renty and Roeyers (2006) in that support
variables had significant impact on long-term outcomes in HFASD. In Renty and Roeyers (2006),
perceived informal support indicative of availability, but not received formal or informal support
indicative of actual transfer of advice, aid, and affect, was found to have predictive value; both support
characteristics were measured using validated scales. On the other hand, family support characteristics
in the current study were not measured using such standard scales, and were instead judged by the
facility staff who knew the person well and therefore knew to what degree the family support was
actually helpful to the person. This is different from subjectively perceived availability or objectively
measured actual transfer of family support. The question was intended to ask how family support met
the participant’s actual needs from an objective viewpoint. However, validation of this is required.

To our knowledge, the present study is the first to associate carly diagnosis with better psycho-
logical QoL in adults with HFASD. Only 29 cases out of our sample (18.8%) were diagnosed before
4 years of age, and 22 cases among them used some services during childhood. On the other hand,
parental concerns about development were reported for a majority of the sample (66.9%). Why
parental concerns did not lead to carly diagnosis may be explained by a lack of healthcare or edu-
cational professionals with accurate knowledge and wide experience with HFASD at that time in
Japan. Moreover, socioeconomic status (SES) could be associated with age of diagnosis: according
to birth cohort data from individuals with autism born in California between 1992 and 2001, children
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of high SES parents were diagnosed earlier (Fountain ct al., 2011). The role of SES in our Japanese
participants with HFASD is unknown and this remains a topic for future study.

The finding that mother’s support was the best predictor of psychosocial QoL of individuals with
HFASD has to be interpreted with caution, because it suggests a bidirectional but not causal associa-
tion. However, the obvious significance of mother’s support but not father’s in our study may be
related to the Japanese socio-cultural environment in relation to child rearing. For example, Japanese
mothers have traditionally been viewed as overprotective and overindulgent toward their children
(Doi, 1973). Although it is not clear how such a cultural bias in childrearing practices influences
familial attitudes toward a child with HFASD, future intervention must target parenting behavior
and assist mothers with formal and informal social support after an early diagnosis of ASD.

Third, our results suggest that adults with aggressive behaviors might experience lower psycho-
social QoL. This could be attributable to satisfactory social relationships being disrupted by violent
behavior toward others or anger being reflected on others or self, although the causal relationship
is not clear.

Study fimitations.  There are several methodological limitations in the present study. First, our sample
(N'=154) who returned a complete set of self-, parent-, and facility staff-report questionnaires were not
representative of all persons with HFASD, although the male:female ratio was 4:1, which is similar to
the epidemiological data in Japan (Honda et al., 2005). In regard to the 48 individuals not included in
the analyses because of incomplete data, although they were older and more educated than our sample
of 154, we confirmed, based on the information that was available, that they did not differ from our
sample in psychological and social QoL scores. Moreover, being male, absence of comorbid psychiat-
ric conditions, and mother’s support being helpful were significantly associated with higher QoLs, as
in our sample. However, whether early diagnosis before 4 years or having aggressive behaviors was
similarly predictive of QoL in the 48 individuals not included could not be confirmed. Second, diag-
nostic status and 1Q level of our sample was based on reports by parents and facility staff and was not
confirmed using standard procedures. Third, we chose to focus on the domains of ‘social relationships’
and ‘psychological health’ because we considered that they best reflected psychosocial QoL, although
the ‘physical health’ and ‘environment’ domains also reflect psychosocial functioning in everyday life
to some degree. We based this decision on the findings of previous studies. Health-related QoL studies
on ASD found that individuals with ASD scored lower in most domains than healthy populations
(Jennes-Coussens et al., 2006; Kamp-Becker et al., 2010; Kuhlthau et al., 2010), but children with
ASD had significantly lower scores for psychosocial health but not physical health than other clinical
populations with chronic conditions (Kuhlthau et al., 2010), and adolescents and young adults with
HFASD had higher scores than patients with schizophrenia-spectrum disorders except for the “social
relationship” domain (Kamp-Becker et al., 2010). Future research should aim to clarify the relation-
ships between the various QoL domains in ASD. Fourth, past history was retrospectively obtained only
from parents and was not based on a review of the clinical records, so there is a chance that the history
has been influenced by parents’ recall or memory bias.

Clinical implications.  Despite these methodological limitations, this study points to some important
clinical issues. First, clinicians can help children maximize their chances for high long-term QoL
by changing environmental factors and treating comorbid psychiatric conditions related to aggres-
sive behaviors, both of which may affect psychosocial well-being and QoL, even if the autistic core
symptoms are largely not changeable. Bastiaansen et al. (2005) demonstrated that the QoL of a
subgroup of child psychiatric patients improved although the level of psychopathology remained
high during a 1-year follow-up period. Therefore, improving QoL should be included as one of the
goals in treating individuals with HFASD.
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Second, the present study provides evidence for the long-term significance of early detection
and intervention for children with HFASD. Although there has been controversy about the positive
and negative effects of early diagnosis for parents (Johnson et al., 2007), it may be important for
clinicians to convey to parents — and empower them — that prognosis is not deterministic and may
be changed by appropriate treatment and family support (Tantam, 2000).

Conclusions

This study demonstrated that self-reported QoL by adults with HFASD can be an important subjec-
tive aspect of long-term outcomes. Environmental factors, such as mother’s support being helpful
and early diagnosis, were associated with better QoL, and aggressive behaviors were associated
with poorer QoL in adulthood, whereas expressive language [evel in preschool years, a conventional
outcome indicator, did not predict QoL levels. To improve long-term QoL, professionals need to
detect autistic symptoms in the early years, evaluate the needs of the child and family, provide
consistent support, and comprehensively monitor all aspects of mental health. Future outcome stud-
ies should be conducted prospectively to determine predictive factors at each developmental stage
and at the same time try to determine the mediators and moderators that modify the developmental
trajectories for children with ASD.
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Abstract

Epilepsy and autism spectrum disorder tend to co-occur in the population with intellectual disability.
However, in the autistic population without intellectual disability, the prevalence of epilepsy is also
much greater than in the general population. The special health needs in children having autism
spectrum disorder without intellectual disability, namely those with high-functioning autism spectrum
disorder have become recognized in recent years, yet comorbid neuropsychiatric symptoms such as
anxiety, attention-deficit/hyperactivity disorder, and epilepsy still sometimes remain undiagnosed and
untreated. Heightened awareness of such comorbidities will help these children to access appropriate
treatment. Whether the epilepsy associated with high-functioning autism spectrum disorder is the same
or different from that associated with intellectual disability, and whether the autistic profile associated
with epilepsy in high-functioning autism spectrum disorder is the same or different from that without

epilepsy, should be answered by future studies.

INTRODUCTION

Evidence from a community-based study' and
numerous clinical reports indicate that a high
proportion of individuals with autism spectrum
disorder {ASD) suffer from one or more comorbid
neuropsychiatric disorders. An association
between epilepsy and ASD is well recognized,
and comorbidity tends to be accompanied by
intellectual disability. According to a meta-
analysis of 23 studies?, the pooled prevalence rates
of epilepsy are 21.4% for individuals with ASD
(defined as autism and/or pervasive developmental
disorder) and intellectual disability, and 8% for
those without intellectual disability, both of which
are notably higher than the rate of 0.5% for the
general population. In addition, sex seems to be
another factor influencing the prevalence rate of
epilepsy in the autistic population; epilepsy is
more prevalent in autistic ferales than in autistic
males. suggesting a close association between
cpilepsy and a female-predominant subgroup
with ASD.?

Recently, heightened awareness of milder
autistic conditions without intellectual disability
has led to a higher overall prevalence rate of ASD
0f 2.6%?, and has highlighted the clinical needs of
children with ASD who have been undiagnosed
until school age. In fact, arecent U.S. study found
that most children with ASD were first identified
as having ASD after age 5.* Further, it is reported

that being older at first diagnosis of ASD is one of
associated factors to reduce quality of life (QOL)
for adults with high-functioning ASD, together
with having a comorbid psychiatric disorder and
being female by a nationwide survey conducted
in Japan.® Taken together, it is clear that the
early identification and treatment of ameliorable
comorbid neuropsychiatric disorders such as
depression and epilepsy is important to improving
the QOL for autistic individuals with or without
accompanying intellectual disability.

PREVALENCE OF EPILEPSY IN AUTISM
SPECTRUM DISORDER WITHOUT
INTELLECTUAL. DISABILITY

Previous studies have reported a relatively lower
prevalence of epilepsy in high-functioning
ASD compared to that in ASD with intellectual
disability, but the prevalence is still greater than
that found in the general population. A large cohort
study in the U.K. identified epilepsy in 8.7% (2/23)
of children with Asperger syndrome compared to
16.7% (5/30) of children with childhood autism.®
A large population-based survey in Finland found
epilepsy, defined according to the International
League Against Epilepsy (ILAE), in 18.2%
(34/187) of children with autistic disorder and
12.1% (11/91) of those with 1Q >70.” However,
no firm statistical conclusion can be drawn about
the type of epilepsy from these data. A clinical
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study of 100 boys with Asperger syndrome made
a conservative comorbidy estimate of epilepsy
in 4 patients.® Another clinical study comparing
26 patients with Asperger syndrome and 16
patients with high-functioning autism found
no significant differences between the groups
in electroencephalogram abnormalities (8.7%
vs 13.3%), epilepsy (7.7% vs 6.3%) or clinical
variables.”

Recently, we conducted a small-scale study
in the west of Tokyo to determine the comorbid
neuropsychiatric disorders associated with
high-functioning ASD (HFASD)." The target
population was primary school children aged
6-12 years in mainstream classes (n=1,374),
of which 775 participants were screened using
teacher-report autism questionnaires. Following
semi-structured diagnostic interviews with all
screen-positives and randomly selected screen
negatives, 7 children were identified as having
definite ASD and 3 as having broader ASD. None
had intellectual disability. One or more diagnoses
according to the Text revision of the Diagnostic
and Statistical Manual of Mental Disorders, the
fourth edition (DSM-IV-TR) was found in 72%
of children with definite HFASD and 100% of
children with broader ASD, findings consistent
with those of the UK study.! The distribution
pattern of comorbid disorders is also similar;
anxiety or phobic disorders and oppositional
or conduct disorders being the most common,
with a prevalence of up to 40%. Most of these
children were undiagnosed and had received no
professional health interventions in terms of these
comorbid disorders. Epilepsy was found in one
boy in the HFASD sample (1/7, 14.3%). He was
diagnosed as having complex partial seizure upon
his first seizure at age 4 and has been treated using
valproic acid. He is currently seizure free but has
attention problems. In addition, two girls in our
sample (one with Asperger syndrome, one with
broader ASD) had repeated generalized seizures
over the last 1-3 years, although they were not
diagnosed with epilepsy. Since some individuals
with ASD are still at a risk of developing
epilepsy after puberty, the rate of 14.3% should
not be overestimated. Our sample was small,
however, the results emphasize that there does
seem to be a high rate of children who develop
epilepsy in autistic population without intellectual
disability.

Many issues regarding the association between
epilepsy and HFASD remain unanswered.
Pediatric neurologists may want to know whether
the epilepsy associated with HEASD is the same
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as that associated with ASD plus intellectual
disability; or from another viewpoint, child
psychiatrists may want to know how the autistic
profile associated with epilepsy in HFASD is
different from that without epilepsy.

CONCUSIONS

Recently, the special health needs of children with
HFEASD have been recognized. The prevalence of
epilepsy is much higher in children with HFASD
than it is in the general population. Children with
HFASD are likely to have additional psychiatric
symptoms such as anxiety and attention-
deficit/hyperactivity disorder, but such health
problems are often undiagnosed and untreated.
Comprehensive neuropsychiatric evaluations of
children with HFASD or children with epilepsy
will lead to early identification of treatable
health problems and the provision of appropriate
treatment. Some behavioral problems in ASD can
be improved with antiepileptic drugs.

Given that there are approximately 2-3% of
children having ASD, and 10% of children with
subthreshold autistic traits", an approach using
quantitatively measured autistic traits may be
also helpful to explore the association between
epilepsy and autism.

ACKNOWLEDGEMENTS

This work was supported by grants [HI19-
KOKORO-006 and H20-KOKORO-004] from
the Japanese Ministry of Health, Labor. and
Welfare.

REFERENCES

I. Simonoff E, Pickles A, Charman T, ez al. Psychiatric
disorders in children with autism spectrum disorders:
prevalence, comorbidity, and associated factors in a
population-derived sample.  Am Acad Child Adolesc
Psychiatry 2008; 47:921-9.

2. Amiet C, Gourfinkel-An 1, Bouzamondo A, er al.
Epilepsy in autism is associated with intetlectual
disability and gender: Evidence from a meta-analysis.
Biol Psychiatry 2008; 64:577-82.

3. Kim YS, Leventhal BL, Koh Y1, ¢ al. Prevalence
of autism spectrum disorders in a total population
sample. Am J Psychiatry 2011; 168:904-12

4. Pringle BA, Colpe LI, Blumberg SJ, Avita RM, Kogan
MD. Diagnostic History and Treatment of School-
Aged Children with Autism Spectrum Disq and
Special Health Care Needs. NCHS data brief, no 97.
Hyattsville, MD: National Center for Health Statistics.
2012.

5. Kamio Y, Inada N, Koyama T. A nationwide survey
on quality of life and associated factors of adults
with high-functioning autism spectrum disorders.




Autism, first published on March 7, 2012 as
doi: 10.1177/1362361312436848

. Williams E, Thomas K, Sidebotham H, Emond A.

Prevalence and characteristics of autistic spectrum
disorders in the ALSPAC cohort. Dev Med Child
Newrol 2008; 50:672-7.

Kiclinen M, Rantala H, Timonen E, Linna S-L.
Moilanen 1. Associated medical disorders and
disabilities in children with autistic disorder. Aurisim
2004 8:49-60.

. Cedertund M, Gillberg C. One hundred males with

Asperger syndrome: a clinical study of background
and assoctated factors. Dev Med Child Neurol 2004,
46: 60.

Kurita H. A comparative study of Asperger syndrome
with high-functioning atypical autism. Psychiatr Clin
Neurosci 1997; 51:67-70.

Kumio Y, Inokuchi E, Moriwaki A, et al. Prevalence
of developmental disorders and the associated factors
in general child population. In: KAMIO Y, ed. Annual
report of rescarch supported by health and labour
sciences research grants [in Japanese], National Center
of Neurology and Psychiatry, Tokyo, 201 1Kamio Y,
Inada N, Moriwaki A, ¢r al. Quantitative autistic traits
ascertained in a national survey of 22,529 Japanese
schoolchildren. Acta Psychiatrica Scandinavica, DOI
1011 /aeps. 12034

47




Acta Psychiatrica Scandinavica

Acta Pyychiair Scand 0032 12874533

© 2012 John Wiley & Sons A:S. Published hy John Wiley & Sons Lid

A rights reservea
DO L U aeps. 12034

ACTA PSYCHIATRICA SCANDINAVICA

Quantitative autistic traits ascertained 1n
a national survey of 22 529 Japanese

schoolchildren

Kamio Y. Inada N. Moriwaki A, Kuroda M, Koyama T, Tsujii H,
Kawakubo Y. Kuwabara H. Tsuchiya KJ, Uno Y, Constantino JN.
Quantitative autistic traits ascertained in a national survey of 22 529
Japanese schoolchildren.

Objective: Recent epidemiologic studies worldwide have documented a
rise in prevalence rates for autism spectrum disorders (ASD). Broadening
of diagnostic criteria for ASD may be a major contributor to the rise in
prevalence, particularly il superimposed on an underlying continuous
distribution of autistic traits. This study sought to determine the nature of
the population distribution of autistic traits using a quantitative trait
measure in a farge national population sample of children.

Method: The Japanese version of the Social Responsiveness Scale
(SRS) was completed by parents on a nationally representative sample
of 22 529 children. age 6
Results: Social Responsivi s Scale scores exhibited a skewed normal
distribution in the Japanese population with a single-factor structure
and no significant relation to 1Q within the normal intellectual range.
There was no evidence of a natural “cutoff” that would differentiate
populations of categorically affected children from unaflected children.
Conclusion: This study provides evidence of the continuous nature of
autistic symptoms measured by the SRS, a validated quantitative trait
measure. The findings reveal how paradigms (or diagnosis that rest on
arbitrarily imposed categorical cutoffs can result in substantial variation
in prevalence estimation, especially when measurements used for case
assignment are not standardized for a given population.
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e In a Jarge Japanese child population, behaviorally measured autistic traits are continuously distrib-
uted without any apparent deflection in the distribution plot that would signal a natural cutoff for
categorical diagnoses. This is similar to the distribution pattern in US and European samples.

° Autistic traits measured quantitatively by parents differ slightly by culture, suggesting the need to
interpret autism spectrum disorder (ASD) severity ratings with the use of culturally calibrated norms.

° Many children who do not meet the diagnosis of ASD exhibit elevations in autistic traits measured
quantitatively, suggesting the need to reconsider current diagnostic systems that assume discontinuity

between affected and unaffected populations.

Limitations

o The response rate of this nationwide survey was 29%.

» There is a possibility of bias that would differentiate respondents vs. non-respondents.
o High-scoring children in the sample as a whole were not confirmed using diagnostic instruments,
although quantitatively measured autistic traits were extensively clinically confirmed for a separate

smaller sample.
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Introduction

Although to date the designation of pervasive
developmental disorders in children ~ and the ser-
vices to which affected children are entitled - rest
on categorical case definitions, the concept of an
autistic spectrum, along which the number and
intensity of autistic features vary continuously
from mild to severe, dates back to early epidemio-
logical research by Wing and Gould (1). Wing (2)
subsequently developed the concept of the autistic
continuum, broadening the case designation
beyond classic autism to cncompass the mildest
(but most prevalent) of the autism spectrum disor-
ders (ASDs), pervasive developmental disorder not
otherwise specified (PDD-NOS) assigned by diag-
nostic and statistical manual of mental disorders:
text revision (DSM-IV-TR) (3). Several lines of sub-
sequent research (4-7) now strongly suggest that the
autism spectrum extends beyond this PDD-NOS
subcategory to include subclinical levels of symp-
tomatology, which are known to aggregate in the
undiagnosed members of families with multiple-inci-
dence autism. Very recently, Lord et al. (8) observed
that diagnostic assignments of autistic disorder, As-
perger’s disorder, and PDD-NOS made by expert
clinictans varied considerably across sites, despite
the fact that distributions of scores on validated
measures were similar. They concluded that current
taxonomies should be revised to place priority on
characterizing the dimensions of ASD while control-
ling for IQ and language level.

Clarifying the nature of the population distribu-
tion of autistic traits and symptoms across cultures
has substantial implications for understanding a
rise in prevalence over time (9) and for establishing
the ‘boundaries” of clinical affectation. A recent
Korean study (10) suggested the highest ever
reported prevalence for categorically defined ASD
in a total population sample; in that study, symp-
tom counts were found to be continuously distrib-
uted in the population.

Aims of the study

This study determined whether autistic traits would
be continuously distributed in a population-based
sample to establish the appropriate epidemiologic
framework for interpreting the rise in estimated
autism spectrum disorders prevalence over time.

Material and methods

Participants

The participants comprised a normative sample
(1 = 22 529) of schoolchildren, a child psychiatric
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clinical sample (n = 417), and typically developing
(TD) children (n = 61). The normative sample was
exclusively assessed using the Japanese version of
the Social Responsiveness Scale (SRS) (11). The
latter two samples were more extensively assessed
using standard diagnostic batteries for the purpose
of validation and calibration of the Japanese ver-
sion of the SRS.

In regard to the normative sample, question-
naires were distributed by mail to the caregivers of
all students attending mainstream classes at pri-
mary or secondary schools in the 10 geographical
areas making up Japan in 2010 (# = 87 548 care-
givers). One hundred and forty-eight primary
schools and 71 secondary schools participated in
this study. All of them were community schools
where >93% of children living in the community
attend, according to the annual report of Japan’s
Ministry of Education, Culture, Sports, Science
and Technology, 2010 (12). Questionnaires were
returned for 25779 children aged 6-15 years
(response rate 29.4%). Questionnaires with missing
answers were excluded so that all analysis was
based on a complete data set, leaving a final nor-
mative sample of 22 529 participants (11 455 boys)
with SRS data provided by their mothers
(=20 430), fathers (n= 1728), both parents
(n = 166), other caregivers (n = 119) or unspecified
(n = 86). Each of the 9 grade levels comprised a
minimum of 754 participants of each sex, and both
sexes were proportionally represented (Table 1).

The clinical sample consisted of 257 children
diagnosed with ASD (ASD group) and 157 chil-
dren with psychiatric diagnoses other than ASD
(non-ASD group) (Table 2). They were patients
who visited one of 10 child psychiatric clinics dur-

Table 1. Social Responiveness Scale total raw score distrbutions in the normative
sample by sex and age (grade]

Sex
Males females
Mean Mean

Grade N {SD} N [)] t P d
1 1655 37.3(182) 1473 33001670 443 0000 025
2 1521 3620182 1394 32101630 378 0006 024
3 1384 354 (192} 1432 31.2{164) 380 0000 024
4 1375 33.7(184) 1386 302{163) 262 0000 020
5 1443 3300185} 1287 31001750 86 0003 03t
6 1203 31.8[19.6) 1229 28801780 68 0009 o011
7 1072 323018.4) 1070 30.3{17.8) 67 0010 0.1t
8 1007 32.71202) 1049 298(182) 127 0000 01%
9 788 3L7{20.7) 754 28801860 92 0002 094
Total 11455 341{181) 11074 30901720 134 0006 098
Total children 22 529 325(183)

Grade 1 children are usually 67 years old. Most grade 1 participants were 7 years
old at the time of the survey.



ing 2008-2010 and whose caregivers gave informed
consent to participate in this study. Their existing
clinical diagnoses were confirmed according to
DSM-IV-TR criteria (3) based on all of the clinical
information available to our research team, which
included experienced child psychiatrists and licensed
clinical psychologists. Among the 257 children of
the ASD group, 229 were subcategorized with
100% diagnostic agreement: 96 with autistic disor-
der, 65 with Asperger’s disorder, 68 with PDD-
NOS, and 28 were unspecified. Children in the non-
ASD group were diagnosed with adjustment disor-
der, attention deficit hyperactivity disorder, anxiety
disorder, eating disorder, schizophrenia, somato-
form disorder, conduct disorder, mood disorder, or
mental retardation. Moreover, 61 children recruited
from local communities comprised a TD group and
were confirmed in diagnostic interviews with the
children and their parents to have no history of neu-
ropsychiatric conditions.

The intellectual levels of the children in the clini-
cal sample ranged from normal intelligence to
severe mental retardation based on cognitive test-
ing carried out at clinics [various versions of the
Wechsler Intelligence Scale and the Revised Kyoto
Scale of Psychological Development (13)] or edu-
cational/administrative records. The proportions
of children with normal intelligence in the ASD
and non-ASD  groups were not significantly
different (ZZ =142, n.s.).

Measures

The social responsiveness scale. The SRS (11) is a
65-item questionnaire of autistic traits for use with
4- to 18-year-olds that can be completed in 15 min

Tabie 2. Comparison of Social Responsiveness Scale total raw score belween the
United States and Japan

Country

Japan us

Grage N Mean (SD) N Mean (SD) t P d

3102 353{17.6) 71 29B(256) 187 006 0318
2891 342{174) 92 349(269 02 080 004
2786 33.2{18.0} 109 357(268 097 033 0136
2738 3150175 227 353{(249) 202 004 0.188
2703 32.0(18.0} 214 345(253) 142 016 0134
2408 30.8{18.7} 211 317(215 089 056 0048
2123 313(18.4} 161 31.1{206) 0312 080 0008
2040 3110193} 137 319(237) 033 070 0040
1832 302(197) 124 389(282) 326 000 0422

W~ LN

Tow 22344 325(182) 1626 336{247) 176 008 CO0BI

Grade 1 children are usually 87 vears oid. Most grade 1 participants were 7 years
old at the time of the survey.
*US data were cited from the SRS manual {p. 28} {(11).
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by any adult who has observed the child over time
in naturalistic social settings. The SRS was devel-
oped to assess autistic symptoms or quantitative
traits and has subsequently undergone extensive
validation in US samples for use in subclinical and
clinical child populations(4, 14-17) as well as in
general child populations for behavioral genetic
research (18-20). It also demonstrated satisfactory
internal consistency (Cronbach’s o > 0.95), inter-
rater reliability between parents and teachers
(r = 0.78, P < 0.01), and concurrent validity with
an interview-based instrument(21) (r = 0.86,
P < 0.05 for preschoolers; r = 0.48, P < 0.05 for
children aged 7-12; r = 0.77, P < 0.001 for adoles-
cents aged 13-18) for Japanese children(22, 23)
and also for German children(24). The Japanese
version was used in this study. Higher scores on
the SRS indicate higher degrees of social impair-
ment. The 65 SRS items were further categorized
into five treatment subscales (social awareness,
social cognition, social communication, social
motivation, autistic mannerisms) (11). The SRS
total scores are generally unrelated to 1Q in the
normal range and distinguish children with ASD
from those with other types of psychopathology

(16).

The autism diagnostic interview-revised. The Autism
Diagnostic Interview-Revised (ADI-R) (25) is a
parent-report interview and is a research standard
{or establishing a diagnosis of autism. To meet the
ADI-R criteria for autism, the cutoff must be
reached in each domain of reciprocal social inter-
action, communication, and restricted, repetitive,
and stereotyped patterns of behavior. The Japa-
nese version of the ADI-R was used in this study,
which has demonstrated good reliability and valid-
ity for Japanese children (26).

Ethical issues

The study protocol was approved by the Ethics
Committee of the National Center of Neurology
and Psychiatry, Japan. Written informed consent
to participate was obtained from the caregivers of
each child participant.

Data analysis

Following examination of the SRS distribution as
a function of age and sex, a cross-cultural compari-
son of SRS total scores provided by parents was
performed betlween previously reported US norms
(the SRS manual, p. 28) (11) and the obtained
Japanese scores using f-tests. Factor analysis was
performed using principal components analysis
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(PCA) on children in the ASD, non-ASD, and TD
groups, and the most parsimonious model was
subsequently examined by confirmatory factor
analysis (CFA) in the normative sample. To
address discriminant validity, comparisons of the
SRS scores across diagnostic groups were made
using analysis of variance (ANovA) methods with
Bonferroni correction whenever appropriate. In-
traclass correlation coefficient (ICC) was computed
for associations between SRS scores, full scale 1Q,
and ADI-R algorithm scores. In addition, a recei-
ver operating characteristics (ROC) analysis was
conducted to determine the cutoff points for pri-
mary and secondary screening; for the former, the
cutoff point was where the sum of sensitivity and
specificity was the largest, and for the latter, it was
where the likelihood was the largest for children in
the ASD, non-ASD, and TD groups, for boys and
girls separately. Analysis was performed using spss
18.05 for Windows (SPSS Japan Inc., Tokyo,
Japan), with amos 17.0s for Windows (SPSS Japan
Inc., Tokyo, Japan) used for the confirmatory fac-
tor analysis.

Results
Population distribution

Social Responsiveness Scale score distribution
among 6- to 15-year-old children in the Japanese
general population is shown in Fig. 1, and mean
SRS total raw scores by age group are presented
for boy and girl subsamples in Table I. To
investigate the effects of age (grade) and sex on
SRS scores, a 2-way ANOVA (grade x sex) was
conducted on the total raw scores. The interac-
tion was significant (Fg 50224 = 2.00, P < 0.05,
7 =0.00), and the main effects of grade
(Fs.1s0.224 = 20.03, P < 0.001, n? =0.01) and sex
(Fs.isom4 = 157.37, P <0.001, #°=0.01) were
significant, although the effect size indicates that
the differences in the SRS scores by grade and
sex were modest.

Mean SRS score of each age group was within
0.2 standard deviations of the entire sample means
for boys and girls respectively (boys 30.3-37.9,
girls 27.5-34.3). Boys scored higher than girls
across the entire age range, with the maximum sex
difference seen for the youngest subgroup at grade
I (r=44.24, P <0.001, d = 0.25). Therefore, we
standardized the Japanese version of the SRS on
each of the boy and girl subsamples across the age
range (27).

Table 2 shows our Japanese normative data
together with the original US parent and teacher
rating data (the SRS manual, p. 28) (11) derived
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from five different studies. Japanese children
scored similarly to their US counterparts, except
those in grades 4 and 9; here, Japanese children
had significantly lower mean SRS scores than their
US counterparts.

Factor structure. PCA suggested a one-factor solu-
tion for the 475 children comprising the clinical
and TD groups (Table 3). Seven items (items 24,
29, 35, 37, 44, 49, 51) with factor loadings >0.600
represented all three of the DSM-IV-TR criterion
domaing for autism. When 22 items with factor
loadings <0.400 were excluded, the first factor
explained 34.8% of variance in SRS scores in this
sample, consistent with the original US and Ger-
man data for child psychiatric patients. When per-
formed with the mean scores of the five treatment
subscales, rather than the mean scores of 65 items,
PCA gave a one-factor solution accounting for
77.2% in this sample.

Next, the single-factor model suggested by
PCA and by extensive prior research on the
SRS (20, 24) was subjected to CFA using data
from the normative sample. The comparative fit
index, the goodness of fit index, the adjusted
goodness of fit index, and root mean square
error of approximation were 0.677, 0.739, 0.722,
and 0.055 for all 65 items, 0.811, 0.854, 0.840,
and 0.055 for 43 items with factor loadings
>0.400 derived from PCA on the exploratory
set, and 0.989, 0.987, 0.962, and 0.083 for the
five treatment subscales. These findings lend sup-
port to the notion of a unitary factor influencing
the multiple aspects of dysfunction that charac-
terize autistic symptomatology in children in the
general population.
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Fig. 1. Distribution of Social Responsiveness Scale (SRS)
total raw scores rated by caregivers in the general sample of 6-
to 15-year-old children.



Table 3. Principal components analysis of social responsiveness scale data

ASD, non-ASD, and TD groups {n = 475)

Component Total % of variance Cumulative%
1 16.928 29120 2920
2 3.851 5925 35.045
3 3152 4.850 39.895
4 1926 2963 42.858
5 1o 2616 45.474

ASD, autism spectrum disorders; TD, typical development.
The clinical sample consisted of participants with ASD {n = 257) and non-ASD
{n = 157).

Other psychometric properties

Table 4 indicated that the mean SRS total score of
the ASD group was significantly higher than that
of the clinical non-ASD (boys ¢ = 4.87, P < 0.001,
d = 0.65, girls 7= 4.68, P <0.001, d=0.83) and
TD (boys = 11.73, P <0.001, d=2.29, girls
¢ = 11.80, P < 0.001, d = 2.66) groups. The differ-
ences in SRS score were not pronounced among
the ASD subcategories: the score did not discrimi-
nate between Asperger’s disorder and PDD-NOS
for either sex, as previously reported (23). As
shown in Fig. 2, the SRS scores of both ASD and
non-ASD groups were distributed widely and with
significant overlap with the general population dis-
tribution. Table 5 shows the raw score cutofls for
the 99th, 97.5th, 95th, and 90th percentile values
by sex for our normative sample and the propor-
tion of boys and girls with diagnosed ASD who fell
within the respective percentile cutoffs. In general,
a higher proportion of diagnosed females were at
the more extreme percentile rankings in compari-
son with males.

Social Responsiveness Scale score did not corre-
late with 1Q (ICC = —0.23, n.s.) for 118 partici-
pants with IQs > 70 for whom formal test data
were available (ASD 46, non-ASD 11, TD 61),
although the subgroup with mental retardation
tended to score higher. With regard to autistic
symptoms, SRS score was significantly correlated
with ADI-R total score (ICC = 0.66, P < 0.001;
Fig. 3), as well as scores for the social interaction
domain (ICC = 0.68, P < 0.001), communication
domain (ICC = 0.58, P < 0.001), and restricted
and repetitive behavior domain (ICC = 0.50,
P < 0.001) for a subsample for whom data from
both the SRS and ADI-R were available (# = 36;
ASD 20, non-ASD 10, TD 6; mean age 8.0 years,
range 4-18 years).

Receiver operating characteristics  analysis
informed two sets of cutoff’ points depending on
the purpose of use. When used for primary screen-
ing of the general child population such as at

National survey of autistic traits in Japan

school entrance, an optimal cutoff point was 53.5
for boys (sensitivity 0.91, specificity 0.48) and 52.5
for girls (sensitivity 0.89, specificity 0.41). For sec-
ondary screening of children referred to clinical
settings, where a much higher rate of ASD is
expected, the cutoff point of 109.5 for boys (sensi-
tivity 0.23, specificity 0.96, likelihood ratio 6.14)
and 102.5 for girls (sensitivity 0.32, specificity 0.95,
likelihood ratio 5.73) increases the positive predic-
tive value for ASD diagnosis up to 80.4% for boys
and 79.2% for girls, given that the prevalence in
Japanese child psychiatric clinics is 40%. Primary
and secondary screening cutoffs correspond to a
SRS T-score of 60 and 90 for boys and 62 and 92
for girls respectively.

Discussion

We conclude from these data involving a nation-
wide representative sample of schoolchildren that
autistic traits measured by the Japanese version of
the SRS are distributed continuously in the popu-
lation; that the clinical validity of the measure-
ments (in essence, their relevance to autism)
appeared strong; and that the findings of this
cross-cultural study recapitulate and extend what
has been observed in smaller epidemiologic studies
of autistic traits in other countries.

The results of this study of quantitative autistic
traits — the largest of its kind — add substantial evi-
dence in support of the continuous nature of autis-
tic traits in the general population. This does not
mean that individual cases of autism are never dis-
cretely or categorically determined. It has long
been known, for example, that there exist categori-
cal, relatively rare causes of autistic syndromes
(e.g., fragile X syndrome, Rett syndrome, and
tuberous sclerosis) caused by single gene abnor-
malities. The notion of an autistic continuum
remains consistent with the existence of such dis-
crete entities. The same is true for mild to moder-
ate intellectual disability, which constitutes the
extreme end of a normal distribution (the so-called
‘bell curve’) but comprises a number of discrete
syndromes (including but not limited to Down syn-
drome, Fragile X syndrome, etc.) in the severe end
of the symptom distribution. Similarly, segments
of the autistic continuum may be comprised of
small clusters of discrete disorders (e.g., SHANK 1
mutations, 15q duplications, 16pl1.2 deletions)
that contribute to intervals at the pathological end
of the distribution (for example 75-85, 90-110),
but overlap in severity with other cases that repre-
sent quantitative accumulations of inherited liabil-
ity transmitted by polygenic mechanisms or by
gene—environment interactions. The causes of cases
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Table 4. Social Responsiveness Scale total raw score means of the ASD, non-ASD, and TD groups

ASD subcategory

0 Autism Asperger’s disorder PDD-NGS Unspecified

nonASD

ASD

28{24 - 4

2 14)

65 {48 : 17} 68 (54

19

9677 :

257 {203 : 54 15778 1 79) 61{30:31)

N {Male/Female)
Age (years}

10.7(3.1)4-17 100411418 11.68 {367} 6-17

9.0(42)4-18

10.0{3.9)4-18 12.1{37)4-18 9.61{25)6-18

Mean {SD} Range
Inteliecual level {N)

59

18

o

14
10

12

Moderate MR

12
33

MR {unknown level}
SRS Mean (SD} Range

784 (26.5) 241441
747 (25.3)40-114

89.5{24.0} 48-139%
91.4{27.2)21-133

B
H

&5
8

i

&
)
=
)
@
@
8

27.4 (16.6) 6727
243116.5) 2-72%

wn
<
&
]
o

69.7 {27.9) 13-1417

62.1 (29

87.6(27.4) 151587

86.11{27.9) 21-183§
87.3(27.4) 15-158¢

Females

Males
Total

SRS, Social Responsiveness Scale; ASD, autism spectrum disorders; TD, typical development; PDD-NOS, pervasive developmental disorder not otherwise specified; MR, mental retardation.

2.28, respectively), non-ASD > T0{t = 7.79, P < 0001, d = 1.67}

065, t = 11.73, P < 0001, ¢

0.44).

=487, P <0001, d
= 248, P< 005, d
t=488 P <0001, d

+ASD > non-ASD, TD {t

¥

=717, P< 0001, d = 152}

), non-ASD > TD {1

k=]
3
a
2
=4
<
«
o

o~

083 t= 1180, P < 0.001, ¢
0.76; t = 17.18, P < 0.001, d

§ASD > non-ASD, TD

n-ASD = 1D {t = 10.51, P < 0.001, 0 = 159},

YASD > non-ASD, TO (¢ = 7.53, 7 < 0.001, d

**Autism > PDD-NOS {t = 3.05, P < 0.05, d = 0.48).
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Fig. 2. Distribution of Social Responsiveness Scale (SRS)
total raw scores in child psychiatric patients with and without
autistic spectrum disorders (ASD).

Table 5. Proportion of children with autism spectrum disorders {ASD) corresponding
to the 98th, 97.5th, 95th, and 0th percentite values among the ASD group of the
Japanese clinical sample

Normative sample {n = 22 529) ASD group (n = 257)

Raw score cutoff N{%)
Males Females
Percentile value Males females {n = 203) (n = 54)
>99 98 87 70 34.5% 28 51.9%
»975 81 I " 576% 3B 667%
>95 70 63 147 724% 2 T18%
>80 58 53 i73 85.2% 44 815%

represented by any given score in the distribution
may be independent, partially overlapping, or fully
overlapping with the underlying causes of other
cases at the same level of severity. The result is a
continuous distribution encompassing both dis-
crete and quantitative pathways to affectation
across a wide range of severity (28-32). We note
that in a recent large general population twin
study, Robinson et al. (33) demonstrated overlap
in causal influence on autistic symptomatology at
each of the first, second, and fifth percentiles of
severity in the population.

In our study, there was no evidence of a natural
cutoff that differentiated children categorically
affected from those unaffected by ASD. The
parent-report Japanese SRS cutoff scores for sec-
ondary screening derived from our ROC analysis,
109.5 for boys and 102.5 for girls, would comprise
approximately 0.5% of our normative sample. On
the other hand, the ASD primary screening cutoff
with the highest sensitivity, 53.5 for boys and 52.5
for girls, encompassing 10.9% of our normative
sample, identifies subthreshold conditions in
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Fig. 3. Social Responsiveness Scale (SRS) total raw scores as a
function of Autism Diagnostic Interview-Revised (ADI-R)
total scores for children with autism spectrum disorders
(ASD). non-ASD, and typical development (TD).

children that might warrant clinical attention (11).
Taken together, these findings complement a
recent Korean study (10), in which categorical
screening and diagnostic confirmation revealed
(and validated) what a continuous distribution of
symptom counts. In our normative sample, a
parent-report Japanese SRS raw score of 74 for
boys and 80 for girls would cut off approximately
3.74%, 1.47% of each gender-specific population
distribution, which is very near the prevalence for
ASD reported in the Korean study (2.64%) (10).
Our observation of higher quantitative autistic
trait scores in males than in females confirms
across cultures a subtle but statistically robust gen-
der difference (11, 18, 24). The sex distribution pat-
tern has potentially profound implications for sex
disparities universally observed at the extreme end
of the distribution (i.e., in clinical ASD cases),
where such disparities would be expected to be
accentuated, as is true for any normally distributed
trait such as height. The magnitude of the sex dif-
ference in our sample (d = 0.18) was smaller than
that in the US data set (11) (4 = 0.37) but similar
to the German normative sample (24) (d = 0.16).
Accentuation of the gender difference in the US
data set could potentially relate to its being derived
from a twin sample, given that male twins score
higher than non-twins (34). Japanese children diag-
nosed with ASD were rated as having somewhat
lower quantitative trait scores than their US and
German counterparts. Such cross-cultural differ-
ences could be partly explained by cultural differ-
ences in responding to Likert-type rating, on which
Japanese informants have a higher tendency to use
the midpoint on the scales and US informants a
higher tendency to use the extreme values (35).
The results of the exploratory factor analysis for
the clinical sample replicate those of previous
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studies (17, 18), and the results of the confirmatory
factor analysis for a very large general population
underscore the presence of a primary underlying
factor that influences the symptoms representing
all three DSM-IV-TR criterion domains of autism.
Factor structure has important implications for
understanding the core neuropsychological mecha-
nisms underlying autistic traits and symptoms,
which are relevant to not only the pursuit of bio-
markers and genetic susceptibility factors related
to ASD but also diagnostic paradigms (20, 31).

There are two major limitations in this study.
First, the response rate was low (29%), although it
is keeping with what is expected from population-
based surveys. Second, high-scoring children in
22 529 Japanese schoolchildren were not con-
firmed using any diagnostic instruments, although
quantitatively measured autistic traits were exten-
sively clinically confirmed for the separate smaller
sample.

In the present study, although the instrument
capably distinguished children diagnosed with
ASD from children diagnosed with other psychiat-
ric conditions, the score distribution for both clini-
cal groups overlapped. A possible interpretation of
this observation, given that autistic traits exhibit
considerable independence in causation from many
forms of psychopathology in genetic epidemiologic
research (15, 36), is that autistic traits, when pres-
ent, exacerbate other types of psychopathology
when they cooccur with autistic traits as comorbid
conditions. For some neurodevelopmental condi-
tions, however, it has also become increasingly clear
that there are elements of genetic causation that
genuinely overlap with the genetic cause of autism;
these include ADHD, tic disorders, and develop-
mental coordination disorders, among others (37).

In conclusion, our study provides strong evi-
dence of the continuous nature of autistic symp-
tomatology in the general population, as has been
reported in previous studies (1, 18, 19, 37). The
findings underscore the notion that paradigms for
categorical case assignment are superimposed on a
continuous distribution, which can result in sub-
stantial variation in prevalence estimation, espe-
cially when the measurements used in case
assignment are not standardized for a given popu-
lation (i.e. by gender, informant, culture, etc.). In
other words, these data illustrate that when impos-
ing an arbitrary, non-standardized cutoff for diag-
nosis, small, clinically insignificant changes in the
cutoff value can result in significant changes in
prevalence, especially when operating at the stee-
per slopes of the distribution. Our results support
the importance, validity, and feasibility of deter-
mining standardized quantitative ratings of autistic
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traits and symptoms across cultures, the imple-
mentation of which has the potential to advance
international collaborative research on autism and
related conditions. Finally, these results call for a
rational approach to revising systems of diagnosis
and service delivery that currently perpetuate the
notion of discontinuity between ASD-affected and
unaffected populations.
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Recent studies suggest that many children with milder autism spectrum disorder (ASD) are undiagnosed, untreated, and being
educated in mainstream classes without support and that school teachers might be the best persons to identify a childs social
deviance. At present, only a few screening measures using teacher ratings of ASD have been validated. The aim of this study was
to examine the utility of teacher ratings on the Social Responsiveness Scale (SRS), a quantitative measure of ASD. We recruited 130
participants aged 4 to 17 years from local schools or local pediatric outpatient clinics specializing in neurodevelopmental disorders
that included 70 children with ASD. We found that the teacher-report SRS can be reliably and validly applied to children as a
screening tool or for other research purposes, and it also has cross-cultural comparability. Although parent-teacher agreement was
satisfactory overall, a discrepancy existed for children with ASD, especially for girls with ASD. To improve sensitivity in children
at higher risk, especially gitls, we cannot overstate the importance of using standardized norms specific to gender, informant, and

culture.

1. Introduction

The current professional consensus is that early diagnosis
and subsequent early treatment of autism spectrum disorder
(ASD) can facilitate development and learning {1, 2], reduce
the need for treatment later in life [3, 4], and improve
longterm prognosis in adulthood [5, 6]. However, not all
families with children with ASD necessarily get timely access
to treatment and other support. Delayed identification and
diagnosis of ASD have been associated with subtypes of
ASD [7-10], cognitive level [10, 11], gender [11, 12], and
demographic factors such as low socioeconomic status [8,10].
Diagnosis of ASD tends to be delayed in children having
both milder autistic symptoms and above-average general
cognitive ability, especially in girls. For example, reported age
at first diagnosis of Asperger, syndrome ranges from 7 to 11
years [9, 10, 12, 13]. In a Japanese nationwide survey of adults
with high-functioning ASD, the median age at first diagnosis
was 10.3 years [6].

Recent epidemiological studies (14, 15] have revealed that
most mainstreamed children with ASD were undiagnosed

and untreated. Although most of these children might have
had few diagnosable symptoms during preschool to draw
the attention of primary health professionals, school teachers
should be the best persons to identify any overt social
deviance (16, 17].

At present, many quantitative behavioral measures of
ASD have been created and validated in both primary care
and clinical settings. However, these measures were largely
validated for use by parents, not teachers, except in the case
of the Autism Spectrum Screening Questionnaire (ASSQ),
the Social Communication Questionnaire (SCQ), and the
Social Responsiveness Scale (SRS). The ASSQ is a 27-item
questionnaire that was originally developed as a first-stage
population screening instrument in a prevalence study of
Asperger, syndrome in mainstream schools with teachers
as target raters [18], and it has been validated as a general
population screen {19, 20]. The reliability and validity of both
parent and teacher ASSQ ratings in a clinical setting have also
been reported, although parent-teacher agreement was low to
moderate for children with high-functioning ASD [21]. The
SCQ [22] is a 40-item screening instrament that has been

investigated mainly as a parent-report screen. In one study
of children with ASD and their siblings [17], the teacher-
report SCQ-Current version was moderately correlated with
the parent-report SCQ-Lifetime version, whereas it was
strongly correlated with the teacher-report SRS. The SRS
was developed as a quantitative measure of autistic traits in
children [23}, and the parent-report SRS has been extensively
validated for the general child population [24-27] as well
as for clinical samples [24, 28-32] not only in the USA but
also in Europe, South America, and Asia. On the other hand,
the literature on the utility of the SRS as a screening tool
assessed by teachers is still limited {17, 31, 33). Constantino
etal. [34] demonstrated that the teacher-report SRS exhibited
strong correlations with the parent-report SRS (r = 0.72),
and the combined use of both parent and teacher reports
resulted in extremely high sensitivity and specificity for a
diagnosis of ASD in 271 children with ASD and 171 children
without ASD, including 52 child psychiatric patients and
119 unaffected siblings. Schandling et al. [17] examined the
utility of parent- and teacher-report SCQ and SRS in 1,663
children with ASD and 1,712 unaffected siblings from 1,655
families and showed that the screening properties of the
teacher-report SRS were superior to those of the teacher-
report SCQ-Current. In their study, the teacher-report SRS
was more congruent with clinician-observed behaviors than
with parent-reported behaviors and raised the possibility that
behaviors exhibited by the children with ASD are contextually
related and might be more congruent across classroom and
clinical settings [17]. Fombonne et al. [31] examined the
psychometric properties of the SRS-Spanish version in a
Mexican sample consisting of 140 children with ASD and
319 community controls and found that the teacher-report
SRS was an excellent screening tool similar to the parent-
report SRS. In addition, they noted that the parent-teacher
correlation of the SRS was much higher in the ASD sample
compared with the control group.

Although some evidence exists on the SRS as a screening
tool assessed by teachers, its utility has not been examined in
an Asian population. Further, the reason for the discrepancy
between parent and teacher reports on this scale is unclear.

Thus, the main aim of this study was to examine the utility
of the SRS-Japanese version as a teacher-report screening tool
for ASD. To this end, we examined test-retest reliability and
discriminant/convergent validity of the teacher-report SRS,
parent-teacher correlations or discrepancies on the SRS, and
screening cutoffs in Japanese children aged 4 to 17 years.

2. Materials and Methods

2.1 Participants. This study involved 130 children consisting
of 70 children with ASD (51 boys, mean age 8.6 [3.7], range
4~17 years) and 60 children without ASD (39 boys, mean
age 8.0 [2.5], range 5-15 years; 24 with any neuropsychiatric
diagnosis other than ASD; and 36 typically developing [TD]
children). Seventy-eight children (23 with ASD, 19 with any
neuropsychiatric diagnosis, and 36 with TD) currently partic-
ipated in our ongoing community-based longitudinal study
of child mental health at the National Center of Neurology
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and Psychiatry (NCNP), Japan. All research participants
were attending mainstream classes at local schools. We also
recruited 20 children from a local special school for children
with learning disabilities (15 with mental retardation [MR]
and ASD, 5 with MR only). In addition, we recruited 32
patients diagnosed with ASD from three local pediatric out-
patient clinics specializing in neurodevelopmental disorders.

The gender ratio did not significantly differ between
children with ASD and those without ASD ( ;(z = (.94, ns).
Mean age did not significantly differ between groups (¢t =
1.16, ns).

2.2. Measures

2.2.1. The Social Responsiveness Scale. The SRS is a 65-
item questionnaire of autistic traits for use with 4-18-year-
olds that can be completed in 15 minutes by parents or
teachers who have observed the child over time in natural-
istic social settings [23]. The SRS was developed to assess
autistic symptoms or quantitative traits and has subsequently
undergone extensive validation in general and clinical child
populations in the USA and other countries. The 65 SRS
items can be categorized into five subscales (social awareness,
social cognition, social communication, social motivation,
and autistic mannerisms). Each item is scored on a 4-point
scale, and total score ranges from 0 to 195, with higher
scores indicating higher degrees of social impairment. We
used the teacher version in the present study and also the
parent version as a subsample. The Japanese version of the
parent SRS exhibited a skewed normal distribution in the
general population with a single-factor structure, had no
relation to IQ within the normal intellectual range [27],
and demonstrated satisfactory discriminant and convergent
validity [27, 35]. Both the parent- and teacher-report SRS
were standardized on boys and girls separately [36].

2.2.2. The Autism Diagnostic Interview-Revised (ADI-R). The
Autism Diagnostic Interview-Revised (ADI-R) [37] is a
parent-report interview and a research standard for establish-
ing a diagnosis of autism. The algorithm generates scores in
each of three domains: reciprocal social interaction; commu-
nication; and restricted, repetitive, and stereotyped patterns
of behavior. We used total scores of three domains of the
Japanese version of the ADI-R [38] for the analysis in this
study.

2.2.3. The Autism Diagnostic Observation Schedule (ADOS).
The ADOS [39] is a semistructured behavioral assessment of
social interaction, communication, and stereotyped behav-
iors. The algorithm generates scores in each of the three
domains. We used total scores of the social and communi-
cation domains of the Japanese version of the ADOS [40] for
the analysis in this study.

2.3. Procedure. The study protocol was approved by the
Ethics Committee of the NCNP. A written informed consent
was obtained from the parents of each child participant, and
the study was conducted from 2010 to 2012.
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First, parents were informed about the study by a letter
from the investigators, which was distributed by the inves-
tigators themselves, a principal teacher, child psychiatrist,
or pediatrician. Second, after providing the written consent,
parents asked classroom teachers to complete the SRS on their
children. Among all returned questionnaires, we excluded 16
teacher reports (11.0%) that had one or more missing answers,
leaving 130 teacher reports on 130 children. Among these, we
obtained 109 parent reports on 109 children (57 with ASD, 52
without ASD [19 clinical, 33 TD]).

Our research team conducted diagnostic interviews at the
NCNP for 78 children, at the special school for 20 children,
and at clinics for 32 children.

ASD diagnoses were confirmed according to DSM-IV-
TR criteria based on all available clinical information by our
research team that included experienced child psychiatrists
and licensed clinical psychologists. To corroborate each ASD
diagnosis, we evaluated the severity of autistic symptoms
using cither the Japanese versions of the Autism Diagnos-
tic Interview-Revised (ADI-R) [38], the Autism Diagnostic
Observation Schedule (ADOS) [40], the Diagnostic Inter-
view for Social and Communication Disorders [41], or other
semistructured interviews developed and validated in Japan
[42]. Among 70 children with ASD, 55 were subcategorized
with 100% diagnostic agreement based on available infor-
mation among our research team: 24 with autistic disorder,
10 with Asperger’s disorder, and 21 with pervasive develop-
mental disorder, not otherwise specified. For 15 children, we
reached complete agreement on a diagnosis of ASD, although
we could not reach agreement on the subcategory.

The non-ASD diagnoses of 24 children were attention
deficit hyperactivity disorder (ADHD), oppositional defiant
disorder, specific phobia, social phobia, obsessive-compulsive
disorder, enuresis, tic disorder, or mental retardation. These
diagnoses were confirmed by diagnostic interviews with
children and their parents using the Kiddie Schedule for
Affective Disorder and Schizophrenia Present and Lifetime
(K-SADS-PL), Japanese version. By parent interview, we
confirmed the typical development of 36 children as having
no history of neurological or psychiatric disorders.

We judged intellectual level based on cognitive test-
ing (i.e, various versions of the Wechsler Intelligence
Scale or other measures) for 115 children and educa-
tional/administrative records for 15 children. Intellectual level
ranged from normal intelligence to severe MR (normal to
borderline 105, mild MR 8, moderate MR 6, severe MR 4,
and unknown MR 7). The proportion of children with normal
intelligence did not significantly differ between children with
ASD (53/70) and those without ASD (52/60) ()(2 = 2.5, ns).

2.4. Data Analysis. To address discriminant validity, we com-
pared mean total and mean subscale SRS scores by gender
between children with ASD (n = 70) and those without ASD
(n = 60). To examine test-retest reliability, we calculated the
intraclass correlation coeflicient (ICC) for a subsample (1 =
23). To examine convergent validity, we computed Pearson’s
correlation coefficients between the SRS and ADI-R, ADOS,
or full scale IQ scores on three subsamples (n = 49, 56, 115).

To examine the teacher-parent discrepancy, we calculated
ICC and compared mean total and mean subscale SRS scores
by group (ASD versus non-ASD) and by gender using a paired
{-test on a subsample (n = 109) that included both teacher
and parent ratings. Finally, we conducted a receiver operating
characteristics (ROC) analysis to compare the area under the
curve (AUC) for the parent- and teacher-report SRS for a
subsample (n = 109), and determined the cutoft scores that
maximized sensitivity and specificity for the teacher-report
SRS for the total sample.

Allanalysis was performed using SPSS 18.0] for Windows.

3. Results

3.1. Discriminant Validity. Table1 presents the mean raw
teacher-report SRS scores for the total sample (N = 130; ASD
70, non-ASD 60 [non-ASD diagnosis 24, TD 36]) by gender.
Total scores and the five subscale scores were significantly
higher in children with ASD than in those without ASD
for both genders, except for social awareness and social
motivation subscales in girls, where the mean subscale scores
did not significantly differ between girls with ASD and those
without ASD.

3.2. Test-Retest Reliability. Among 130 children, 23 (ASD
1, non-ASD diagnosis 3, TD 19) were assessed by their
classroom teachers on two occasions with a mean interval of
40.0 days (12-131 days). Test-retest reliability was shown to be
excellent for the total score (time 1: mean SRS 63.2 [22-103];
time 2: mean SRS 61.4 [24-119]; ICC = 0.87; P < 0.001).

3.3. Convergent Validity. SRS total score was significantly
positively correlated with ADI-R total score (r = 0.30, P <
0.05) in a subsample with available data from both the SRS
and ADI-R (n = 56, ASD 21, non-ASD diagnosis 14, TD 21; 36
boys) and also significantly correlated with ADOS total score
(r = 0.30, P < 0.05) in a subsample with available data from
both the SRS and ADOS (1 = 49, ASD 20, non-ASD diagnosis
16, TD 13; 35 boys). In 115 children with available IQ data, the
SRS score did not significantly correlate with IQ (r = —0.14)
for 97 children with IQs > 70 (ASD 46, non-ASD diagnosis
16, TD 35; 66 boys), whereas it significantly correlated with
1Q in 18 children with IQs < 70 (ASD 11, non-ASD diagnosis
7) (r = ~0.58, P < 0.05).

3.4. Parent-Teacher Correlation and Discrepancy. Among 130
total participants, 109 participants (ASD 57, non-ASD 52,
including non-ASD diagnosis 19 and TD 33) were rated by
both their teachers and parents at almost the same time
(Table 2). For this subsample (73 boys, mean age 10.9 [2.8],
range 7-14 years), ICCs showed moderate to large agreement
between teachers and parents for all 109 children (73 boys and
36 girls; ICCs = 0.48, 0.50, and 0.40, resp.; Table 3). Among
five subscales, ICCs ranged from moderate to large (ICCs =
0.29-0.53, P values < 0.05), except for the social awareness
subscale in girls (ICC = 0.08, ns).

Table 4 shows that children with ASD of either gender
were rated significantly higher by parents than by teachers on
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TABLE I: Mean raw SRS scores of teacher ratings of children with ASD and without ASD (N = 130).
Boys (1 =90) Girls (n = 40)
Subscale ASD (n =51) Non-ASD (1 = 39) ¢ ASD (n=19) Non-ASD (n = 21) .
M (SD) M (SD) M (SD) M (SD)

Awareness 116 (0.5) 74 (3.6) 4.8 8.7 (3.9) 71(4.3) 1.3¢
Cognition 14.8 (6.2) 9.3(6.0) 4.2° 12.6 (4.9) 73 (5.3) 33"
Communication 273 (10.2) 16.8 (10.0) 49 247 (12.7) 131(10.7) 30
Motivation 110 (5.2) 8.4(5.7) 2.2° 10.8 (5.2) 8.4 (6.0) 14!
Mannerisms 13.9 (8.5) 72 (5.4) 4.5 11.3(8.4) 5.5(6.4) 2.5¢
Total 78.6 (29.9) 49.1(26.9) 4.8 68.2 (28.8) 415 (30.2) 2.9°

Note. SRS: Social Responsiveness Scale; ASD: autism spectrum disorder.
P <0.001."P < 0.0L °P < 0.05." ns.

TaBLE 2: Demographic characteristics of 109 children rated by both teacher and parent.

ASD (n=757)

Neuropsychiatric diagnosis (n = 19)

Non-ASD (n =52)
TD (n =33)

Boy: girl 41:16
Age (years)

Mean (SD), range
Intellectual level (1)

8.60 (3.90), 4-17

Normal 34
Borderline 14
Mild MR 3
Moderate MR 2
Severe MR 2
MR (unknown level) 2
Q" n=49
Mean (SD), range 91.2 (26.8), 31-148

12:7 20:13

.26 (2.77) 5-15 767 (2.13) 5-12

9 33

5 0

4 0

0 0

1 0

0 0
n=19 n=32

82.7 (23.3), 27-113 109.7 (13.8), 85-146

Note. Between the ASD and non-ASD groups, no significant differences existed in gender ratio (x* = 0.25, ns) or age (¢ = 1.2, ns). The proportion of intellectual
level did not differ significantly by group (x* = 9.4, nis). For 100 children with available IQ data, mean IQ did not significantly differ between groups (91.2 [26.8]
for ASD, 99.7 [22.0] for non-ASD). Among the ASD and two non-ASD groups, no significant differences existed in gender ratio (x* = 0.51, ns) or age (F = 0.84,
ns). The proportion of intellectual level differed significantly by group (y* = 28.5, P < 0.005). *For 100 children with available IQ data, mean IQ of the ASD
group (11 = 49) and that of the non-ASD neuropsychiatric diagnosis group (n = 19) were lower than that of the TD group (n = 32) (t = 4.1, 4.6, respectively, P
values < 0.001), whereas no significant difference existed between the former two groups (¢ = 1.2, ns). MR: mental retardation; ASD: autism spectram disorder;

TD: typically developing.

the total scores. Among five subscales, significant differences
in ratings between parents and teachers were found only for
autistic mannerisms in boys with ASD, whereas subscale rat-
ings on social cognition, social communication, and autistic
mannerisms were significantly different in girls with ASD. On
the other hand, children without ASD of either gender were
rated similarly by parents and teachers on the total scale and
on all subscales.

For children with ASD, we found a significant gender
difference in teacher ratings on the SRS only on the social
awareness subscale, where teachers rated girls significantly
lower than boys (¢t = 2.10, P < 0.05). By contrast, we found
no significant gender differences in parent ratings for this
sample. On the other hand, for children without ASD, we
observed no significant gender differences in both parent and
teacher ratings (Table 4). That is, the gender difference was
strongest in teacher reports on social awareness in the ASD
group. Thus, teachers tended to rate boys and girls with ASD

lower compared to parents, and teachers tended to rate girls
with ASD lower compared to boys with ASD.

3.5. ASD Cutoff Scores. ROC analyses of 109 children who
were rated by both parents and teachers informed the AUC
for each parent and teacher report on the SRS; among this
sample, the teacher-report SRS accurately classified 73.2% of
boys (P < 0.005) and 70.8% of girls (P < 0.05), whereas the
parent-report SRS accurately classified 90.0% of boys (P <
0.005) and 94.8% of girls (P < 0.005) (Figures 1{a) and 1(b)).
Therefore, the parent-report SRS appears to be more accurate
than the teacher-report SRS as a screening tool. For the total
sample, Youden'’s index was computed to determine the cutoff
points that maximized the sum of sensitivity and specificity
of the teacher-report SRS, 58.0 for boys (sensitivity 0.725,
specificity 0.667, false-negative rate 0.275, false-positive rate
0.333, and positive likelihood ratio 2.177) and 43.0 for girls
(sensitivity 0.789, specificity 0.667 false-negative rate 0.211,
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‘TaBLE 3: Intraclass correlation coefficients (N = 109).
Teacher rating » . E.’arent rating L X
Awareness Cognition Communication Motivation Mannerisms ‘Total
Total 0.38"
Awareness Boys 0.50"
Girls 0.08"
“Total 0.45"
Cognition Boys 0.46"
Girls 0.41
Total 0.45°
Communication Boys 0.45"
Girls 0.38°
Total 0.48"
Motivation Boys 0.47*
Girls 0.53°
Total 0.38"
Mannerisms Boys 0.38"
Girls 0.29°
Total 0.48"
Total Boys 0.50°
Girls 0.40"
Note. This subsample (N = 109) comprises 57 children with ASD and 52 children without ASD.
P < 0.001."P < 0.0L P < 0.05." ns.
TaBLE 4: Mean raw SRS scores of parent and teacher ratings of children with ASD and without ASD (N = 109).
Rater Boys (n=73) Girls (n = 36)
Parent ‘Teacher p Parent Teacher P
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
ASD (1 =57) Boys (n = 41) Girls (n =16)
Awareness 119 (3.4) 1.2 (4.3) ns 10.2 (2.6) 8.6 (4.0) ns
Cognition 162 (6.4) 14.2 (6.0) ns 16.9 (4.8) 116 (4.7) <0.005
Communication 30.4 (11.3) 26.6 (9.8) =0.06 30.6 (9.2) 22.4 (12.0) <0.05
Motivation 123 (5.8) 10.6 (5.3) ns 12,5 (5.4) 10.8 (5.6) ns
Mannerisms 16.4 (7.8) 12,7 (8.4) <0.05 14.9 (74) 8.9 (6.5) <0.05
Total 872 (31.3) 75.3 (29.2) <0.05 85.1(25.3) 62.3 (271) <0.01
Non-ASD (#n = 52) Boys (n = 32) Girls (n =20)
Awareness 6.6 (5.1) 74 (3.4) ns 6.6 (3.3) 7.0 (4.4) ns
Cognition 8.3(4.4) 9.5 (6.0) ns 6.6 (3.9) 75 (5.3) ns
Communication 13.6 (7.0) 173 (10.2) ns 10.8 (6.5) 13.7 (10.6) ns
Motivation 73(3.7) 8.7 (5.8) ns 6.3(4.9) 8.5 (6.1) ns
Mannerisms 6.2 (4.5) 75(5.5) ns 4.2 (4.0) 5.8 (6.5) ns
Total 42.0(18.7) 50.5 (27.6) ns 34.3 (19.9) 42.5 (30.6) ns

Note. SRS: Social Responsiveness Scale; ASD: autism spectrum disorder.

false-positive rate 0.333, and positive likelihood ratio 2.369).
These optimal cutoff scores were found to correspond toa T-
score of 60 for each boy and girl according to T-score norms
that were created for the Japanese standardization sample
[36]. Because no natural cutoff was found that differentiated
children diagnosed with ASD from those without ASD in
the Japanese general and clinical samples for the parent-
report SRS [27], these cutoff scores of teacher-report SRS

would identify many subthreshold conditions and at the
same time miss many true-positive children. Compared to
the previously reported optimal cutoff scores on the parent-
report SRS (boys, sensitivity 0.91, specificity 0.48, and positive
likelihood ratio 1.75; girls, sensitivity 0.89, specificity 0.41, and
positive likelihood ratio 1.51) [27], the optimal cutoff scores
on the teacher-report SRS would seem to result in a higher
false-negative rate (boy, 0.28 versus 0.09, girl, 0.21 versus 0.11,
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FIGURE I: (a) Receiver operating characteristics (ROC) curve demonstrating sensitivity and specificity of both teacher and parent ratings for
boys (1 = 73). (b) Receiver operating characteristics (ROC) curve demonstrating sensitivity and specificity of both teacher and parent ratings

for girls (n = 36).

teacher, and parent, resp.) and a lower false-positive rate (boy,
0.33 versus 0.52, girl, 0.33 versus 0.59, teacher, and parent,
resp.). As addressed by Constantino et al. [34], when both
parent and teacher rate a child as having a T-score of =60,
the positive likelihood ratio would improve up to 3.730 in
our sample, which exceeds the teacher-report SRS alone or
the parent-report SRS alone.

4. Discussion

The main aim of this study was to examine the utility of the
teacher-report SRS as an ASD screening tool for Japanese
children. In this study, the teacher-report SRS demonstrated
excellent test-retest reliability and satisfactory discriminant
and convergent validity for measuring autistic severity in
children aged 4 to 17 years. Overall, there were moderate to
large parent-teacher correlations on the total and subscale
ratings. Thus, our findings showed that the teacher ratings on
the Japanese version of the SRS can be reliably and validly
applied to Japanese children at school or in clinical settings
as a screening tool of ASD clinical settings.

Our results suggest overall good agreement on SRS
measurements in terms of severity of autistic symptoms
between teachers and parents; the correlations fall within
the range reported in previous studies for the SRS (0.24-
0.82) (17, 29-31, 33, 34, 43]. Our result is satisfactory
compared to other psychiatric domains [43]. However, it
is difficult to compare ours with the correlations reported
by previous studies because of differences in sample size

(26-3375), the proportion of children with ASD included in
the total sample (0-69.5%), and how control children were
sampled (siblings from families who registered participation
in autism research, community schools, and clinical non-
ASD psychiatric patients); there appears to be no systematic
tendency explaining the wide variation. For example, in
Fombonne et al. [31], parent-teacher correlations for total SRS
were stronger in children with ASD than in control children,
but the opposite was found in Kanne et al. [43]. Based on
data from Japan, the correlation for the non-ASD sample
(Pearson’s r = 0.78) [35] decreased to an ICC of 0.48 when
calculated for the sample that included children with ASD
(52.3%) in this study. Further studies are needed to answer
this issue.

Despite overall good agreement, teachers tended to rate
both boys and girls with ASD lower than did parents,
although the teacher-parent discrepancy was not pronounced
in children without ASD. Such discrepancy relating to the
type of children (ASD versus non-ASD) was consistently
found in previous studies [17, 34, 43, 44] except in a study
based on a Mexican sample [31]. In the present study,
teacher-parent discrepancy was pronounced, especially for
girls with ASD (teacher 62.3 versus parent 85.1); parent
ratings were significantly higher than teacher ratings not only
on the total score but also on 3 (social cognition, social
communication, and autistic mannerisms) of 5 subscales.
One possible interpretation could be an effect of situational
context as suggested by Szatmari et al. [45] and Posserud et al.
[19]. How children with ASD behave can change depending
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on the situation, such as the degree of structurization, and it
is likely that autistic behaviors of higher-functioning children
with ASD are observed less often at school than at home
if the school environment meets a child’s needs. Shanding
et al. [17] raised the possibility that teachers and clinicians
similarly observe and report behaviors exhibited by children
with ASD based on the stronger association between teacher
ratings on the SRS and the ADOS compared to that between
the teacher SRS and the ADI-R. Szatmari et al. [45] warned
that this discrepancy between home and school might lead
to higher parental stress. Thus, we should exercise caution
when interpreting information from parents and teachers in
diagnosis and assessment.

Regarding gender differences, it appears that teachers
tend to rate girls with ASD lower than boys with ASD,
whereas they rate girls without ASD higher than boys
without ASD, although these differences reached statistical
significance only on the social awareness subscale of the
teacher report. Similar gender differences were reported in
Norway for total population data using the ASSQ [19]. By
contrast, in a Mexican sample [31], affected girls scored
higher than affected boys on the teacher-report SRS, whereas
control boys scored higher than control girls. However, closer
inspection revealed a similar gender difference related to
the social awareness subscale between ours and Fombonne
et al. [31]. In both studies, teacher and parent ratings for
girls did not agree on this subscale, and gender differences
in teacher ratings were pronounced on this subscale. In
this study, teacher ratings on this subscale also did not
discriminate girls with ASD from those without ASD. The
poor reliability and validity of this subscale might be related
to the measurement of social awareness, which is not overt
and is difficult to observe from the outside. Lai et al.
[46] reported that women with ASD showed fewer autistic
features than males but perceived themselves as having more
autistic features, perhaps because they are better at hiding
their autistic features, or perhaps because of greater self-
awareness. Our finding of gender differences, if replicated,
emphasizes the need for both a deeper understanding of
gender differences in ASD and the establishment of a gender-
specific norm.

The ROC analysis demonstrated that teacher ratings
on the SRS classified both boys and girls with moderate
accuracy, although the parent-report SRS appears to be more
accurate than the teacher-report SRS as a screening tool.
The optimal cutoff for boys was 58.0 in this study, which
fell within the range of 51.5 to 64.5 proposed in previous
studies of the teacher-report SRS [17, 31, 34, 44], whereas
that for girls was 43.0 in our sample, which fell below the
range. If this great discrepancy in cutoff scores between
boys and girls is replicated in a different Japanese sample,
the importance of establishing gender-specific norms for
this population should be emphasized again. In this study,
either sensitivity or specificity values were lower compared
to those in studies that included only children with ASD
and typically developing children [17, 31], which is consistent
with studies that included children with non-ASD clinical
conditions [34, 44]. Children with non-ASD psychiatric
diagnoses such as ADHD or mood disorders tended to have

high SRS scores {47, 48], and there is an overlap in SRS
scores of children with ASD and those of children with non-
ASD psychiatric diagnoses [27]. That is, the sensitivity or
specificity values in our sample might be associated with
the type of non-ASD controls, including children with non-
ASD psychiatric diagnoses whose mean SRS scores were
expected to be higher than those of the normative sam-
ple.

Regarding cultural differences in teacher ratings of chil-
dren with ASD, our female sample with ASD scored similar
to children with ASD (86.5% male) in a large-sized study
by Schanding et al. [17], whereas our male sample with
ASD scored higher. However, our sample with ASD of either
gender scored lower than children with ASD in other studies
[31, 34]. This variance might be partly explained by the
sampling method rather than culture-related differences,
taking the heterogeneity of ASD into account. As for gender
differences found in this study, little evidence exists, except
that in a Mexican sample [31], to draw any conclusion
about it from a cultural perspective. If our findings on
gender differences are replicated in samples representing
different cultures, we should consider culture-free gender
differences. Or, if our findings are limited to a Japanese
sample, we should consider any cultural factor such as social
expectations of the female role in public settings, especially
in terms of social awareness. Again, cross-cultural validity of
the teacher-report SRS would be guaranteed if it is applied
to children according to culturally calibrated gender-specific
norms.

The major limitation of this study is its small sample
size, Further, we did not use the same assessment battery
to determine ASD status for children diagnosed with ASD.
Comorbid psychiatric disorders were not assessed using
diagnostic measures for 23 children with ASD. The strength
of this study is that ASD was excluded for all of the non-ASD
children.

5. Conclusions

In conclusion, this study provided evidence that the teacher-
report SRS is a useful measurement of autistic severity with
good reliability and validity and recapitulated what has been
observed in studies conducted in other countries. Although
parent-teacher agreement on the SRS was satisfactory, char-
acteristic discrepancies specific to ASD diagnostic status
and gender between informants should be kept in mind
when interpreting the SRS from only one-sided informants.
To improve sensitivity for children who are at higher risk,
especially girls who are likely to remain undiagnosed, we
emphasize the importance of combining information from
multiple informants and using standardized norms specific
to gender, informant, and culture for screening, clinical, or
research purposes.
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Abstract To examine the inter-rater reliability of Autism
Diagnostic Interview-Revised, Japanese Version (ADI-R-
JV), the authors recruited 51 individuals aged 3-19 years,
interviewed by two independent raters. Subsequently, to
assess the discriminant and diagnostic validity of ADI-
R-JV, the authors investigated 317 individuals aged
2-19 years, who were divided into three diagnostic groups
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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 Neuropsychiatry, 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 - [. Mohri - M. Taniike
Division of Developmental Neuroscience, United Graduate
School of Child Development, Osaka University, Osaka, Japan

S. Sakai - 1. 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

@_ Springer

644

1 Autism Dev Disord (2013) 43:643-662

0.55 for individuals younger than 5 years. Specificity was
consistently high regardless 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 o the
diagnosis of younger individuals.

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

Introduction

Aautistic 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
(PDDNOS). The reported prevalence estimates of AD or ASD
have been increasing (Fombonne 2009; Williams et al. 2006),
with the prevalence of ASD now thought to be between | and 2
per 100 school children in the United Kingdom (Baron-Cohen
et al. 2009) and in Japan (Kawamura ct al. 2008), and even
higher in South Korea (Kimctal. 201 1). The observed change
in prevalence estimates has been suggested to be an artifact
due to increased awareness of ASDs, changes in diagnostic
precision, and recent trends toward earlier diagnosis
(Kotovskd et al. 2012; Pamer et al. 2008; Waterhouse 2008).
Such observations have hastened the worldwide demand for
reliable and valid methods of identifying ASD.

A number of questionnaires, interviews, and observation
schedules have been developed to assist clinicians and
researchers in the diagnostic assessment of specific
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behaviors found in individuals with AD or ASD. Among
these instruments, Autism Diagnostic Interview-Revised
(ADI-R (Lord ct al. 1994)) is a structured, investigator-
based interview directed to carcgivers 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 ct 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 arc
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 ecarly
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 rescarch-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 usc of ADOS alone has
limited predictability (Lord et al. 2006). Considering these
pitfalls, some groups have recommended that not a single
source but rather multiple sources of information, including
both ADI-R and ADOS, should be consulted when estab-
lishing a diagnosis of ASD or AD (Le Couteur et al. 200&;
Lord et al. 20006), particularly in aresearch context. it follows
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that the foundation of reliability and validity of ADI-R is
important in countries such 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. 2003) into Japanese, at which time the
back-translation was confirmed 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 to 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 without a consensus clinical diagnosis.
Diagnostic validity in 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 consistent with the published literature
(Cicchetti et al. 2008; Hill ct al. 2001; Lord et al.
1994).
The discriminant validity of ADI-R-JV would be
sufficient, with higher mean scores of diagnostic
algorithm items among individuals with AD than
among those withont AD (Lampi et al. 2010; Lord
ct al. 1994). That is, it was expected that AD
scores > non-ASD scores, and AD scores > PDDNOS
scores.

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

IS

Methods
Participants and Diagnostic Procedure
Reliability Study

To enroll study subjects, we recruited participants
from 3 rescarch sites, 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 (tar-
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 I).
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 after 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
rescarch 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 (S 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 [987) was
used to estimate the intelligence quotient (IQ). 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 IQ/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] IN = 16]
Age in years
Range 3-18 3-14
Median 5.0 5.0
Mean (SD) 8.7(52) 7.0 (3.8) (49) = 1.16, p = 0.25
Gender (F:M) 5:30 4:12 Chi-square(1) = 0.84,
p =036
Full scale IQ/DQ*
Number of individuals with cognitive delay (1Q/DQ < 70) 10 (29 %) 00 %) 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) (44) = 2.85, p < 0.001
DSM-IV-TR diagnosis
Autistic disorder @31 %) 0
Autistic disorder + mental retardation 13 %) 0
Pervasive developmental disorder, not otherwise 14 (20 %) 0
specified
Pervasive developmental disorder, not otherwise 5 (14 %) 0
specified -+ Mental retardation
Mental retardation 4 (1 %) 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) 3.3(2.8) 1(49) = 7.16, p < 0.001
Domain BV?* IN = 23] N = 4]
Range 3-14 0-8
Median 7 2
Mean (SD) 7.3 (3.6) 3329 1(35) = 6.94, p < 0.001
Domain BNV” N = 12] [N =2]
Range 1-12 0-1
Median 8 0.5
Mean (SD) 6.9 (4.5) 0.5(0.7) (12) = 1.96, p = 0.07
Domain C
Range 0-11 0-4
Median 3 0.5
Mean (SD) 3525 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 1Q/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
rescarch sites, where the clinically referred individuals for

@ Springer

the reliability study had also been enrolled. The charac-
teristics of these control individuals are given in Table [.
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
rch 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-1II, 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 subjects were confirmed to have any
cognitive delays.

In sum, the enrolled participants comprised two groups
(Table 1): 35 clinically referred individuals and 16 control

res

individuals. The mean age of these two groups did not
differ significantly (8.7 [SD 5.2] vs. 7.0 [SD 3.8];
W49) = 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 1Q/DQ differed significantly (81.9 [SD
22.6] vs. 102.0 [SD 11.6]: (44) = 4.9, p < 0.001).

Validity Study

To collect a sufficient 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 | privately run
clinic for child psychiatry), together with the three research
sites also involved in the 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-studics, we compared 35 clinically referred
individuals cnrolled 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(l) = 0.84, p = 0.36), no significant difference in
mean age (mean = 8.7 (SD 5.2) vs. 10.5 (SD 4.9) years;
1(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);
1(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 clinicaily 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(l) = 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, | 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  1Q/DQ, WISC-1II, Tanaka-Binet intelligence
scale, or Kyoto Scale of Psychological Development was
employed. Among the 82 control individuals, 12 had no
1Q/DQ 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 1.7 [SD 4.3], PDDNOS 8.5 [SD 5.1], non-ASD 6.4
[SD 3.71; 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} IN = 89] IN = 90|
Age in years
Range 2-19 2-19 2-17
Median 1.8 8.0 5.0
Mean (SD) 1.7 (4.3) 8.5 (5.1) 64 (3.7) F(2, 314) = 42.9, p < 0.001
1> 3:p <0.001
2> 3:p <0.00]
1>2:p <0001
Gender (F:M) 18:120 25:64 38:52 Chi-square(2) = 24.8, p < 0.001
Number of individuals with cognitive 18 (13 %) 9 (10 %) 8(9 %) Chi-Square(2) = 1.1, p = 0.59
delay (1Q/DQ < 70)
DSM-1V-TR diagnosis
Autistic disorder 120 (87 %) 0 0
Autistic disorder + mental retardation 18 (13 %) 0 0
Pervasive developmental disorder, 0 80 (90 %) 0
not otherwise specified
Pervasive developmental disorder not 0 9 (10 %) 4]
otherwise specified + mental retardation
Mental retardation [¢] 0 8 (9 %)
Major depressive disorder 0 0 (1 %)
Social phobia 0 0 I (1l %)
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 87.5 90 93
Mean (SD) 88.4 (22.8) 87.9 (20.7) 90.8 (23.1) F(2,302) = 02, p = 0.82
ADI-R score
Domain A
Range 8-30 3-28 0-11
Median 20 13 I .
Mean (SD) 19.9 (5.3) 14.8 (6.4) 2327 F(2, 314) = 330.6, p < 0.001
1> 3:p < 0.001
2>3:p <0001
1>2:p <0001
Domain BV" IN = 116] IN = 68] IN = 79]
Range 3-25 2-21 0-12
Median 14 8.5 I
Mean (SD) 14.3 (4.1) 9.7 (4.4) 2.5(3.2) F(2, 260) = 210.9, p < 0.001
1>3:p <0001
2> 3:p <0.001
1>2:p <0001
Domain BNV* IN = 22} N = 21] IN =11}
Range 014 1-12 0-9
Median 10 6 I
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‘Table 2 continued

() (2) (3) Statistics
AD PDDNOS Non-ASD
[N = 138} IN = 89] IN = 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
I>2:p=0.02
Domain C
Range 0-12 0-12 0-9
Median 5 2 0
Mean (SD) 5.5 (24) 2.9 (2.5) L1 (L8) F(2, 314} = 106.6, p < 0.001

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

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 reg

rded their histories as equivalent to a lack of cognitive delay

" Verbal subjects (defined as a score of 0 on item 30 “overall level of langoage™)

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

(AD 18:120, PDDNOS 25:64, Non-ASD 38:52; Chi-
Square(2) = 24.8, p < 0.001). The mean 1Q/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 %, Non-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 (KIT, 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 § 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 total up domain D scores and thus did
not analyze this, since this is the summary code for evi-
dence of abnormality within 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 Bl, B4, B2 (V), and B3 (V),
covering 13 algorithm items, were used for verbal indi-
viduals, whereas only B1 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 | point for domain D.

Reliability Study

We first calculated the weighted kappa (Kw) value for each of
the 42 algorithm items; scores on the algorithm items took
only one of three values (0, 1, or 2). We adopted the quadratic
weighting system, thatis, w; = | — (i — Dk — 1)* (Fleiss
and Cohen 1973). This allowed Kw and the intraclass corre-
lation coefficient (ICC) to be considered as equivalent to cach
other. We also calculated the ICC for each of 12 subdomains
and 4 domains; the summed 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, we followed the criteria provided in
previous studies (Cicchetti 1994; Cicchetti and Sparrow
1981), ie., items showing Kw > 0.75 and subdomains/
domains showing ICC = 0.75 were regarded as excellent,
0.60 < Kw < 0.75 and 0.60 < ICC < .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 reliability. 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 subsequent analysis was conducted separately
for three age bands: below 5 years (<5:0 years); 5 years
0 months to 9 years [l months (5:0-9:11 years); and
10 years and older.

Validity Study—Discriminant Validity

We compared the mean scores for 42 algorithm items, 12
subdomains, and 3 domains (A, B, and C) among the three
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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 (IQ/DQ < 70).

Validity Study-—Diagnostic Validity

To assess whether the provided diagnosis based on ADI-R-
IV 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. 1993), 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 290 %. 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 (IQ/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 rescarch 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 rescarch team. After
ADI-R-JV interview with the caregivers had been con-
ducted, we formulated a best-estimate diagnosis based on



