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ies of PPI using several approaches, such as positron emis-
sion tomography and anatomical/functional magnetic res-
onance imaging (MRI), provided important evidence to
understand the neurophysiological mechanisms of PPI.

The Kumari ef al.* research group has published nu-
merous important studies that addressed the biological na-
ture of PPL In an MRI volumetric voxel-based morphom-
etry study, healthy subjects showed significant positive
correlations between PPI and grey matter volume in the
hippocampus extending to parahippocampal gyrus, basal
ganglia, including parts of putamen, globus pallidus, and
nucleus accumbens, superior temporal gyrus, thalamus,
and inferior frontal gyrus. Patients with schizophrenia%)
showed significantly positive correlations between PP1
and grey matter volume in the dorsolateral prefrontal,
middle frontal and the orbital/medial prefrontal cortices.
Functional MRI (fMRI) studies””* showed that the PPI
of healthy subjects was associated with increased activa-
tion in the striatum extending to hippocampus and thala-
mus, inferior frontal and inferior parietal regions, and that
all activated regions had significantly greater response in
healthy subjects than schizophrenic patients.” Patients
treated with risperidone or olanzapine, but not with typical
antipsychotics, showed significant activation in the PPI-
relevant rcgions.m)

Other research groups have found similar results. In an
fMRI study of Campbell ef alA,Sg) PPI was found asso-
ciated with activation in pons, thalamus, caudate nuclei,
left angular gyrus and bilaterally in anterior cingulate.
Also by fMRI, Hazlett et al®™ showed that, using at-
tend/ignore PPI paradigm, lower left caudate activation
during the attended PPT condition was associated with
more deficient sensorimotor gating among schizotypal
personality disorder, schizophrenia, and healthy controls.
Ina PET"” study, normal controls showed a positive asso-
ciation between PPI and metabolic activity rates of glu-
cose in prefrontal (Brodmann’s areas 8, 9, and 10 bi-
laterally) and lower in visual cortex, while patients only
showed this association for area 10 in the left hemisphere.

These findings demonstrate the involvement of the
striatum, hippocampus, thalamus, and frontal and parietal
cortical regions in PPIL. Dysfunctions in any of these re-
gions may underlie observations of reduced PPI in psychi-
atric diseases, including schizophrenia, which might be
improved by atypical antipsychotic medication.

GENETIC BASIS OF PPI

The use of PPI as an endophenotype in schizophrenia

has been recently becoming consensual.****® As PPI can
be easily measured, it has the advantage to collect large
sample sizes necessary for genetic approaches that con-
duct multi-site studies.' Several research groups have
been investigating the relationship between PPI and the
genome.

Roussos et al. and Giakoumaki ef al.”*® have reported
associations of PPI with several genotypes in healthy
males. Examination of the Catechol O-methyltransferase
(COMT) Vall58Met polymorphism,%) the main catabolic
pathway of released dopamine (DA) in the prefrontal cor-
tex (PFC), showed that Val (low PFC DA) /Val individuals
had the lowest PPI, Met (high PFC DA)/Met the highest,
and Val/Met were intermediate. In addition, the non-
stimulant COMT inhibitor tolcapone increased PPI sig-
nificantly in the Val/Val group and tended to have the op-
posite effect in the Met/Met groupfm In a study examining
the influence of the Dopamine D3 receptor Ser9Gly poly-
morphism on human PPL,"® Gly/Gly individuals had the
lowest PPI and Ser/Ser individuals had the highest PPI,
while Ser/Gly individuals were intermediate. Investiga-
tion of the relationship between PPI and haplotypes com-
prising three Proline dehydrogenase (oxidase 1) single nu-
cleotide polymorphisms (SNPs; 1945T/C, 1766A/G,
1852G/A) located in the 3’ region of the gene,%’ CGA car-
riers, which are preferentially transmitted in schizo-
phrenia patients,”® exhibited attenuated PPI compared
with the noncarriers. Furthermore, Roussos et al. exam-
ined the relevance for PPI of SNPs in promising schizo-
phrenia risk genes, such as the D-amino acid oxidase
(DAO) gene (154623951, rs2111902, rs3918346, 1s374-
1775, and 1s3825251)*” and the Neuregulin 1 (VRGT)
gene (1s6994992, SNPENRG221132, SNPENRG241930,
1$3924999, 152439272 and r510503929),m°) and reported
that reduced PPI was associated to the rs4623951_
T-rs3741775_G and rs4623951_T-rs2111902_T diplotypes
of DAO gene,” and to the SNPSNRG241930 G allele and
particularly the 16994992 T allele and 152439272 C allele
NRGI gene."™

The laboratory of Quednow et al."""" has reported as-
sociations of PPI with several genotypes in both healthy
subjects and patients with schizophrenia. An association
of PPI with the serotonin-2A receptor (5-HT2.R)
Al1438G/T102C (rs6311/rs6313), COMT Vall58Met
(rs4680) and NRG] Arg38Gin (1s3924999) were inves-
tigated in healthy Caucasian subjects,w”
PPI levels were found in homozygous for the 5-HT24R
T102C-T/A-1438 G-A allele. Increased PPI levels were
also found in male subjects with the COMT Met158Met-

and increased
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genotype, but no significant association of PPI with the
NRGI Arg38Gin genotype was detected. Investigation of
the impact of three 5-HT>4R polymorphisms (A-1438G,
T102C, H452Y) on PPI in Caucasian schizophrenia pa-
tients'? showed that patients carrying the T102C TT and
the A-1438G AA allele present significantly higher PPI
levels compared with all other variants. In contrast, the
H452Y polymorphism did not affect PPI. Quednow ef
al'™ also investigated the impact of the COMT
Vall58Met polymorphisms on PPI in Caucasian schizo-
phrenic inpatients, and reported that patients carrying the
Met/Met allele showed elevated PPI levels compared to
other two genotypes. PPl was also influenced by two com-
mon nicotinic acetylcholine receptor (nAChR) « 3 sub-
unit (CHRNA3) polymorphism (rs1051730/rs1317286) in
healthy subjects and in patients with schizophrenia,'"*?
Recently,ws) the impact of the transcription factor 4
(TCF4) gene (1s9960767), a susceptibility gene for schiz-
ophrenia, on PPI was investigated in healthy subjects and
in a schizophrenia spectrum group (including schizo-
phrenia patients and individuals at high risk for schizo-
phrenia}, and in both samples PPI was strongly decreased
in carriers of the schizophrenia risk allele C of the TCF4
gene.

Hong et al'™ examined the effects of the NRG/
Arg38GIn polymorphism on PPI in patients with schizo-
phrenia and in normal controls. They reported that PPI
was lowest in the subjects who were homozygous for the
minor allele A/A carriers, intermediate in A/G carriers and
highest in homozygous major alleles G/G carriers in both
patient and control groups. Greenbaum et al'™? reported
an association of the reelin SNP rs7341475 with PP In
addition, Hokyo et al'® reported that, in both healthy
subjects and patients with schizophrenia, human N-meth-
yl-D-aspartate (NMDA) receptor 2B subunit gene
(GRIN2B) polymorphism 151019385 (T200G) did not
show any significant influence on PPI, although it was sig-
nificantly related to habituation of startle response.
Finally, Hashimoto ef al'™ reported that PPI deficits in
schizophrenia were associated with PPI schizophrenia
risk genotypes of three SNPs (rs11820062, 152306365,
rs7119750) in the v-rel avian reticuloendotheliosis viral
oncogene homolog A gene, which encodes the major com-
ponent of the Nuclear factor kappa B (NF- « B) complex.

All together, these data strongly support PPI as a poly-
genetic trait that involves several neurotransmitter path-
ways and the use of PPI as a valid schizophrenia endo-
phenotype. However, as noted previously, PPI can be af-
fected by several factors, such as gender, smoking status

and antipsychotic medication, and future studies with
large sample sizes that consider these effects are deemed
required. Investigation of mechanism how these factors
effect on PPI across genotypes will contribute to a better
understanding of the fundamental neural mechanisms un-
derlying sensorimotor gating and will certainly be most
valuable in devising future approaches that aim to inves-
tigate the complex pathogenesis of psychiatric diseases.

EARLY PSYCHOSIS AND PPI

Research on early psychosis (ER) has been growing
and PPI might also play an important role in this field.

In a 2-year follow-up study,"” comparing ultra-high
risk (UHR) adolescents with matched control group, UHR
individuals showed reduced PP at both bascline and 2
years compared with controls. Clinical improvement in
UHR individuals was associated with an increase in PPI
parameters. In another study,”') PPI of acoustic startle re-
sponse was assessed in subjects with prodromal symp-
toms of schizophrenia, first-episode schizophrenia pa-
tients and healthy control subjects. Prodromal subjects
and unmedicated patients with first-episode schizo-
phrenia showed significant PPI deficits, whereas schizo-
phrenia patients treated with risperidone had almost nor-
mal PPL These studies, together with the evidence that an-
tipsychotic-naive schizophrenia paticms(’s HGBTT50 present
PPI impairment, suggest that PPI disruption might be al-
ready present before the onset of psychosis and that PPI
may represent a vulnerability marker for psychosis.

Intriguing results were found in a study’ 12 investigating
PPIin EP, at risk (AR) for psychosis and comparison sub-
jects at baseline and 6 months later. PP1 was stable with re-
peated assessment and EP subjects had reduced PPI. The
unexpected findings regard the fact that medication-naive
EP subjects, as well as AR subjects who later developed
psychosis, had greater PPI compared to EP subjects with
antipsychotic medication, and to AR subjects who did not
develop psychosis, respectively, introducing the possi-
bility of early compensatory changes that diverge from
findings in chronic patients. Therefore, longitudinal stud-
ies following up the pathological change of startle modu-
lation in a long period prior to the onset of the disease are
required to determine the use of PPI for early detection of
psychosis.
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PPI IN CHILDREN AND
DEVELOPMENTAL DISORDERS

Startle modulation is not consistent through children to
adults. The neurophysiological mechanisms of PPl are
considered to undergo development during early child-
hood and do not mature until about 8 years of age in both
male and female subjects.'*'™

Several studies have revealed PPl impairment in chil-
dren with psychiatric disease, such as the 22q11 deletion
syndrome,'"® Tourette’s syndrome''® and primary noctur-
nal enuresis.""” On the other hand, children with au-
tism,"*" attention deficit hyperactivity disorder
(ADHD),"™™ " PTSD,"™ did not show PPI deficits (in
traditional PP! experimental paradigm).

It should be noted that discrepancy in PPI between chil-
dren and adults can be found in some psychiatric diseases.
For instance, although children with autism did not"*1”
show PPI deficits, adults with ASD, such as autism 123 or
Asperger’s syndrome,”™” presented PPl impairments.
Adults with PTSD also exhibited PPI deficils,m‘m) while
children'™ or adolescent™” with PTSD did not. The neu-
rophysiological development related to PPI of startle re-
sponse might not be relevant for some psychiatric dis-
eases, such as ADHD, which did not exhibit PPI impair-
ment in both children'™'*" and adults, ™" but might af-
fect the discrepancy in PPl impairment between children
and adults in other diseases, such as ASD or PTSD.
Although PPI did not differ significantly between children
with autism and normal age-matched controls, PPI of
some controls were not evaluated, since they were re-
jected from the study for reasons such as drowsiness or
small response} "
hyperacusia, and they might present a lower threshold of
startle and elicit startle by weak stimuli which might not
elicit startle in normal controls. It is important to de-
termine an experimental paradigm which can assess sen-
sorimotor gating in both children with ASD and typical
development. Although PPl impairment is not apparent in
children with autism, there might be deficits in the mecha-
nism of startle response in children with ASD which
would develop to PPI impairment when they become
adults, and comprehensive investigation of startle re-
sponse, including threshold to elicit startle, startle magni-
tude, as well as PPI, might contribute to uncover the im-
pairment of the neural circuitry in autism. There are sev-
eral attempts to develop experimental paradigm of
pp, !t including attentional modulation of
PPL™ ¥ and application of these paradigms might in-

 Patients with autism are known to have

form neurobiological basis underpinning PPI deficits in
both children and adults with ASD.

CONCLUSION

PP is a well-established neurophysiological index for
translational research in psychiatric diseases, Recent stud-
ies from a variety of research areas all over the world have
provided us important evidence to understand the neural
mechanisms of sensorimotor gating, assessed by PPIL
These findings will be most valuable in devising future
studies that aim at investigating and understanding the
complex pathogenesis of psychiatric diseases.
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Developmental Coordination Disorder (DCD) is characterized by clumsiness and
coordination difficulties. DCD interferes with academic performance and participation
in physical activities and psychosocial functions, such as self-esteem, cognition, or
emotion, from childhood through adolescence to adulthood. DCD is a common pediatric
condition and its prevalence is estimated to be 6% worldwide. Although English
questionnaires are available, there is no questionnaire to identify DCD in Japan, and
therefore, no information on its prevalence is available. Recently, we developed the
Japanese version of the Developmental Coordination Disorder Questionnaire (DCDQ-J).
The purpose of this study was to describe the applicability of the DCDQ-] for use with a
community-based population of children in Japan and to investigate the relationships
between coordination and attention-deficit hyperactivity disorder (ADHD) tendencies or
intelligence. The DCDQ-] was completed by 6330 parents or guardians of children and
adolescents. We employed the ADHD-rating scale and determined the intelligence
quotient (IQ) of the children. Two-way analysis of variance showed that the scores linearly
increased as the children's grades advanced in 2 subscales, namely, control during
movement and fine motor. In contrast, non-linear changes were found in the scores of the
general coordination subscale. The total scores of the DCDQ-J and ADHD-RS were
significantly correlated, but no relationship between DCDQ-} scores and 1Q was found. The
DCDQ-] is expected to be a useful screening tool to identify and assess motor coordination
difficulties of children in Japan and enable cross-cultural comparisons.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Daily living and school activities of children require various motor skills. Such motor skills depend on coordination of a
wide range of movements of body parts, such as appropriate speed and strength, precise timing of movements, and control of
posture and balance. The sum of the above-mentioned functions is called “coordination” and is one of the important brain
functions that develops along with children’s growth (Zwicker, Missiuna, & Boyd, 2009).
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Insufficient coordination function is likely to induce delayed motor development, clumsiness, limited manual dexterity,
and difficulty in posture. In addition, children with insufficient coordination tend to show retarded development of activities
of daily living, including eating, toileting, dressing, and tool using, as well as school activities, including writing, drawing,
playing musical instruments, gymnastics, and outdoor play. In fact, many clinical reports show that difficulty in coordination
correlates with slow learning of basic daily living, studying, and various other activities (Missiuna, Moll, Law, King, & King,
2006; Polatajko & Cantin, 2005; Tseng, Howe, Chuang, & Hsieh, 2007).

However, the cause of such coordination problems is likely to be mistakenly considered as the lack of discipline by
parents or poor motivation of children. If inappropriate measures against such problems are continuously taken, a feeling of
self-denial and/or emotional difficulties may occur in children, which may result in self-distrust, exacerbate a repugnance to
exercise and school activities, and may worsen the problems (Missiuna et al., 2006; Piek, Baynam, & Barrett, 2006; Polatajko
& Cantin, 2005; Skinner & Piek, 2001; Tseng et al., 2007). Parents/guardians (Missiuna, Moll, King, King, & Law, 2007;
Stephenson & Chesson, 2008) and teachers (Rivard, Missiuna, Hanna, & Wishart, 2007; Sugden & Chambers, 2003) may often
lose patience with their developmental delay or feel disgusted with themselves, which may result in a bad relationship with
the child (Cairney, Veldhuizen, & Szatmari, 2010). In addition, some studies have pointed out that coordination is deeply
related to children’s development of cognition and socialization because coordination increases children’s ability to explore
and manipulate their environment and encourages them to participate in social activities (Cairney et al., 2010; Missiuna
et al., 2006; Piek et al., 2006).

The 4th edition of the diagnostic and statistical manual of mental disorders (DSM-1V) (American Psychiatric Association;
Diagnostic and statistical manual of mental disorders: DSM-IV-TR, 2000) defines developmental coordination disorder
(DCD) as “a marked impairment in the development of motor coordination, which interferes with daily living and studying.”
The incidence rate of DCD is 6%, and it is a relatively common pediatric condition (American Psychiatric Association;
Diagnostic and statistical manual of mental disorders: DSM-IV-TR, 2000); however, there is no scale to facilitate the
screening of DCD in Japan, which makes it difficult to evaluate the children’s actual motor performance, The Developmental
Coordination Disorder Questionnaire (DCDQ) is a parent rating scale for screening pediatric DCD (Wilson, Kaplan, Crawford,
Campbell, & Dewey, 2000; Wilson et al., 2009). Recently, we developed a Japanese version of the DCDQ (DCDQ-}) (Nakai et al.,
2009) for the Japanese children and conducted a preliminary investigation on both the reliability of our questionnaire and
the psychometric properties.

This relatively large-scale school-based study aimed to study the applicability of the DCDQ-J as a screening tool for DCD in
Japanese children. Furthermore, in order to evaluate the validity of the DCDQ-J, we investigated the relationships between
coordination and ADHD tendencies or intelligence. DCD interferes with coordination in children whose intellectual level is
within the normal range (American Psychiatric Association; Diagnostic and statistical manual of mental disorders: DSM-1V-
TR, 2000); thus, the scores of the DCDQ-] should not be significantly related to intelligence. On the other hand, the scores of
the DCDQ-} may be positively associated with ADHD tendencies, since DCD is frequently associated with ADHD (Fox & Lent,
1996; Kopp, Beckung, & Gillberg, 2010; Lingam et al., 2010).

2. Methods
2.1. Participants

Parents/guardians of all students in public nursery schools, elementary schools, and junior high schools in the
participating city were invited to take part in this study. Nursery school students {middle class: 4- to 5-year-old students;
senior class: 5- to 6-year-old students) and all elementary and junior high school students were included in this study. The
questionnaire was sent to the parents/guardians via the teachers. The responses from the 6330 respondents were analyzed.
Table 1 shows the details of the children, as reported by the respondents. The majority (94%) of the respondents were
mothers. Approximately 5% of the respondents were fathers, and the rest were grandparents. Data from parents and
guardians of children in special classrooms was excluded from the study. The number of data inputs varied at analysis
because missing data was excluded.

2.2. Development of the DCDQ-f

DCDQ 2007 is a parent questionnaire consisting of 15 items and was designed to screen for coordination disorders in
children aged 5-15 years (Wilson et al., 2000, 2009). There are 3 subscales, namely, “control during movement (6 subitems)"”,
“fine motor (4 subitems)”, and “general coordination (5 subitems)”. The descriptions of each item are scored as follows by a
5-point scale based on the comparison between the child and other (children): “Not at all like your child (1 point)", “A bit like
your child (2 points)”, “Moderately like your child (3 points)”, “Quite a bit like your child (4 points)”, and “Extremely like
your child (5 points)", with higher scores indicating better coordination. Recently, the DCDQ-] was developed and adapted to
the Japanese culture (Nakai et al., 2009} in accordance with the International Guidelines (Beaton, Bombardier, Guillemin, &
Feraz, 2000).

We employed the Japanese version of the ADHD-rating scale (Japanese version ADHD-RS) developed by DuPaul, Power,
Anastopoulos, & Reid (1998), DuPaul, Power, Anastopoulos, & Reid (2008). Based on the ADHD criteria of DSM-IV (American
Psychiatric Association; Diagnostic and statistical manual of mental disorders: DSM-IV-TR, 2000), this scale consists of 2
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Table 1
Details of grade and sex of participants of this survey.

Male Female Total

Nursery school

Middle (4-5) 174 167 341

Senior (5-6) 154 176 330
Elementary school

1(6-7) 422 350 772

2(7-8) 343 374 717

3(8-9) 378 363 741

4(9-10) 314 319 633

5(10-11) 328 352 680

6(11-12) 310 292 602
Lower-secondary school

7{(12-13) 292 268 560

8(13-14) 229 255 484

9 (14-15) 219 251 470
Total 3163 3167 6330

subscales to measure the 2 major characteristics of ADHD, namely, Inattentive (9 items) and Hyperactive-Impulsive (9
items). Both the school and home forms of the ADHD-RS have been confirmed to have sufficient reliability and validity
(DuPaul, Power, Anastopoulos, & Reid, 1998; DuPaul, Power, McGoey, lkeda, & Anastopoulos, 1998; DuPaul et al., 2008). As in
prior surveys, parents or rearers rated each item on a 4-point Likert scale ranging from “Not at all or rarely (0)" to
“Sometimes (1),” “Often (2),” or “Very often (3).” Therefore, the higher a child’s score, the more the ADHD tendency.

Our survey employed the DCDQ-J] and ADHD-RS and asked the parents or guardians to respond to all of the items for their
children.

We measured the intelligence of elementary school children and lower-secondary schoolchildren by using the New
Kyoken Support to Intelligence Tests for Each School Grade (Tatsuno, Ishida, & Hattori, 2002). This is a collective intelligence
test conducted at the beginning of a school year to assess each child’s intelligence quotient (1Q).

2.3. Procedure

This study was approved by the ethics committee of the Hamamatsu University School of Medicine. To request the
cooperation of the target city, we provided the education committee of that city with an explanation of the purpose and
method of our study, as well as an outline of our plan to protect the privacy of participants. We obtained consent from all the
preschools and elementary and junior high schools in the participating city and performed the survey using the described
questionnaires. We informed the parents and guardians before starting the study that participation was optional and that
they would be notified of the resuits after the compilation of statistics.

2.4. Statistical analysis

SPSS version 16 (IBM Corporation, NY, USA) was used for statistical analysis.

3. Results
3.1. Scaling method of the DCDQ-J, confirmatory factor analysis, and reliability of DCDQ-J

A confirmatory-factor analysis of the DCDQ-J was performed by assuming the 3 factors reported by Wilson et al.
(Schoemaker et al., 2006; Wilson et al., 2000, 2009). All factor loading values were >0.5, while indicators of good fit were
stightly low, such as comparative fit index (CFl) = 0.86 and mean square error of approximation (RMSEA) = 0.13. Therefore, 4
error covariances were added according to the modification indices. As a result, the CFl increased to 0.94 and RMSEA
decreased to 0.09, which were acceptable results. The « factors were calculated by subscale yielded values for control during
movement, fine motor, and general coordination as 0.91,0.91, and 0.81, respectively, which indicated that the subscales had
high levels of internal consistencies. Accordingly, the study employed 3-factor analysis, and total scores per item were
defined as subscale scores. The correlation coefficient between the subscales ranged from 0.59 to 0.73. The total scores of all
items were defined as all scores of the DCDQ (« = 0.93).

3.2. Gender difference and school grade difference in the DCDQ-]
Two-way analysis of variance (ANOVA) with factors of age and school grade was performed to evaluate the subscale

scores of the DCDQ-| (Table 2). The main effects of gender (F(1, 6218)=78.88, p < 0.001) and schoo! grade (F(10,
6218)=36.70, p < 0.001) were significant, while the interaction effect (F(10, 6218)=0.54) was not significant in the control
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Table 2
Descriptive statistics of the japanese version of Developmental Coordination Disorder Questionnaire.
Grade (age) Control during movement Fine motor General coordination DCDQ totat
Male Female Male Female Male Female Male Female
M SD M SD M D M 5D M SD M SD M SD M SD

Middle (4-5) 1946 540 19.04 535 1244 417 1478 402 1609 476 1719 479 4799 1284 5097 1269
Senior (5-6)  21.31 546 19.99 526 1363 420 1559 376 1723 427 1773 459 5251 1211 5338 1250

1(6-7) 2122 548 2038 532 1453 372 1612 363 1675 457 1799 459 5255 1224 5456 12.03
2(7-8) 21,51 522 2045 512 1382 363 1570 339 1627 439 1766 434 5173 1158 5381 1131
3(8-9) 2229 538 2076 501 1417 356 1560 350 1698 426 1753 416 5344 1171 5394 1100
4(9-10) 2294 543 2127 538 1491 351 1602 344 1776 433 1777 420 5579 1167 5518 1151
5(10-11) 2329 521 2186 564 1498 374 1658 347 1783 446 1841 444 5610 1196 5699 12.00
6{11-12) 2339 577 2209 521 14.88 400 1671 335 1772 475 1830 415 5599 1329 57.12 11.34

7(12-13}) 2364 526 2239 541 1488 393 1645 353 1778 450 1835 440 5639 1233 5716 12.01
8(13-14) 2462 510 2303 552 1597 377 1705 326 19.07 446 1862 455 5972 1219 5859 12.08

9(14-15) 25.11 492 2373 555 1600 370 1739 344 1904 461 1896 464 6036 1200 6004 1222
Sex 78.88 " 284137 2144 686"
Grade 3670 25357 13337 29.67"
Sex x grade 0.54 1.20 226 1.30

during movement subclass. In addition, the main effect of gender was higher in boys than in girls, and the main effect of
school grade tended to increase as the grade level increased. The main effects of gender (F(1, 6251)=284.13, p < 0.001) and
school grade (F(10, 6251)=25.35, p < 0.001) were significant in the fine motor subclass, while the interaction effect (F(10,
6251)=1.20) was not significant. The main effect of gender was higher in girls than in boys, and the main effect of school
grade tended to increase as the grade level increased. The main effects of gender (F(1, 6231)=21.44, p « 0.001) and school
grade (F(10,6231)=13.33, p < 0.001) and the interaction effect (F(10, 6231)= 2.26, p < 0.001) were significant in the general
coordination subclass. The simple main effect by school grade was significant in the middle class students of the nursery
school (F(1, 6231)=5.07, p < 0.001), the elementary Year 1 schoolchildren (F(1, 6231)=14.60, p < 0.001), and the Year 2
children (F(1, 6231)=17.14, p < 0.001), and was higher in girls than in boys. The simple main effect of school grade was
significant in both genders, boys (F(10,6231)= 11.86, p < 0.001)and girls (F(10,6231) = 3.50, p < 0.001), but the difference in
school grade tended to be greater in boys than in girls. When the total scores of the DCDQ-j were analyzed using two-way
ANOVA, the main effect of gender (F(1, 6150)=6.86, p < 0.01) and that of school grade (#{10, 6150)=29.67, p < 0.001) were
significant, while the interaction effect (F(10, 6150) = 1.30) was not significant. The main effect of gender was greater in girls
than in boys, and the main effect of school grade tended to increase as the grade level increased.

A main effect of school grade was observed at the subscale level and the total scores of the DCDQ-J; thus, the tendency of
their developmental changes was evaluated using multiple regression analysis. The 1st to the 10th items were prepared by
assigning a value of 1-11 to the middle class students of the nursery school through to Year 9 students. The influence of
gender against each subscale and the total score were controlled at Step 1, and the items regarding their school grade from
the 1st to the 10th were input by using a forward selection method at Step 2. The first item was significant in the control
during movement subclass (=0.23, p < 0.001), and it tended to increase as the grade level increased. In the fine motor
subclass, the first item was significant (#=0.17, p < 0.001), and it tended to increase as the grade level increased. In the
overall coordination subclass, an interaction of gender and school grade was observed, so that multiple regression analysis
by gender was performed. The 2nd item was significant in boys {(£=0.17, p < 0.001), and in girls (#=0.09, p < 0.001), and it
increased as the grade level increased. In the total scores of DCDQ-], the first item was significant ($=0.21, p < 0.001), and it
tended to increase as the grade level increased. Fig. 1 shows the plot of scores by school grade and the approximation curve.

3.3. Subgroups of coordination

Using the standard scores of the 3 subscales of the DCDQ-J, k-means clustering was performed to study the subgroups of
coordination by changing the number of clusters from 2 to 4. In consideration of the interpretive potentiality, a 4-cluster
analysis was used. Fig. 2 shows the subscale scores of the DCDQ-] by cluster. All of the subscale scores of Cluster 1 (n=1414,
22.87%) were lower than the mean value; especially, the subscale score of the fine motor subclass was low. Therefore, Cluster
1 was defined as a “poor fine motor group.” Cluster 2 (n=2307, 37.31%) was characterized as having high subscale scores,
and it was defined as an “excellent coordination group.” The subscale score of fine motor alone in Cluster 3 (n=1377,22.27%)
was greater than the mean value, and other 2 subscale scores were lower than the mean value, and it was defined as an
“excellent fine motor group.” All of the subscale scores of Cluster 4 (n= 1086, 17.56%) were far lower than the mean values,
and it was defined as a “poor coordination group.”

The frequency of cluster occurrence was studied when school grade and gender were different. The bias between the
cluster and school grade was significant (x*(30) = 294.66, p < 0.001). As the grade level increased, the number of participants
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Fig. 2. The score of Japanese version of the Developmental Coordination Disorder Q i e subscales by cluster (standardized scores).

in the excellent coordination group increased, while those in the poor coordination group decreased (Fig. 3). The frequency of
cluster occurrence of the other 2 groups was approximately 20% regardless of their school grade. In addition, there was a
significant bias between the cluster and gender { x%(3) = 275.13, p < 0.001), which indicated that the poor fine motor group
had more boys than girls, while the excellent fine motor group had more girls (Fig. 4).

3.4. Relationship of the DCDQ-J with intelligence and ADHD-RS

In the Japanese version ADHD-RS, each subscale was averaged, and the resulting data was defined as inattentive (o = 0.90)
and hyperactive/impulsive («=0.86); further, the total score of all items indicated ADHD tendencies («=0.93). The
correlation between the subscales was 0.75. The correlation coefficient between the DCDQ-J, the IQ, and the Japanese version
ADHD-RS was calculated (Table 3). The 3 subscale scores and the total scores of the DCDQ-} were slightly positively
associated with intelligence. Furthermore, a negative correlation of —0.2 to —0.5 was observed between the 3 subscale scores
and the total scores of the DCDQ-] and the Japanese version ADHD-RS.
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Fig. 3. The frequency ratio of each cluster by grade.

i

Fig. 4. The frequency ratio of each cluster by sex.

4. Discussion

This study was undertaken in a large sample of Japanese children by using DCDQ-J, ADHD-RS, and the New Kyoken
Support to Intelligence Tests to establish relationships among coordination, ADHD tendencies, and intelligence. In this study,
differences in development were evaluated, taking into consideration that motor skills increase with age and that the scores
of control during movement and fine motor subclasses tend to increase linearly as the grade level increases. The general
coordination changed non-linearly regardless of gender, and the scores tended to increase sharply as the grade level
increased. The mean value and the development-related changes obtained in this study may be useful to study normal
development of coordination and for screening of DCD in Japanese children.

When the subgroups of coordination were studied using the DCDQ-J, they were classified into 4 groups, including the
poor fine motor group, the excellent coordination group, the excellent fine motor group, and the poor coordination group.
Among these groups, the number of the participants in the excellent coordination group increased as the grade level
increased, while those in the poor coordination group decreased. Furthermore, the poor fine motor group had more boys,
while the excellent fine motor group had more girls. There were various patterns, for example, children with poor
coordination were the weakest at fine motor or poor at all physical exercises, and the frequency of these patterns varied
depending on their school grade and/or gender. Accordingly, special attention should be paid to children with clumsiness to
determine the kind of movement that is their weak point, in consideration of their school grade and gender.

Table 3
Relationship between Developmental Coordination Disorder Questionnaire and intelligence quotient or attention-deficit hyperactivity disorder-rating
scale.

DCDQ
Control during movement Fine motor General coordination DCDAQ total
1Q a2 a4 ar 147

ADHD-RS
Inattention
Hyperactive-Impulsive
ADHD total

T p <0001,
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The DCDQ-J was related to the ADHD tendencies in children. Previous studies have mention that DCD is associated with
ADHD, and that children with ADHD present clumsiness (Fox & Lent, 1996; Kopp et al., 2010; Lingam et al., 2010). In this
study as well, all subscales and total scores of the DCDQ-J] were significantly associated with the Japanese version ADHD-RS,
which suggested that children with poor coordination more frequently showed inattention and hyperactivity in some
situations. On the other hand, there was almost no relationship between scores of the DCDQ-] and the 1Q. The correlation
between the subscales and the total score of the DCDQ-] and their IQ ranged from 0.1 and 0.2, and children with poorer
coordination tended to have lower 1Qs, but the relationship was very weak. Considering that the 1Q should be within the
normal limit in the diagnosis criteria of DCD by DSM-IV (2000), this study indicates that the DCDQ-J has some degree of
validity and may be a useful screening tool for DCD in Japan.

5. Limitation and perspectives

Only the questionnaire survey was done in this study, which was not intended to provide a medical diagnosis of DCD. In
countries other than Japan, the cutoff value of the DCDQ is set in terms of the medical diagnosis as well as other batteries of
tests (Schoemaker et al., 2006; Tseng, Fu, Wilson, & Hu, 2010; Wilson et al., 2000, 2009). Therefore, the predictive validity of
the DCDQ-J should be studied in Japan in the future.
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ARTICLE INFO ABSTRACT
Article history: The pervasive developmental disorders (PDDs) Autism Society Japan Rating Scale (PARS),
Received 27 July 2011 an interview-based instrument for evaluating PDDs, has been developed in Japan with the
Received in revised form 1 April 2012 aim of providing a method that (1) can be used to evaluate PDD symptoms and related
Accepted 2 April 2012 support needs and (2) is simpler and easier than the currently used “gold standard”
. instruments such as the Autism Diagnostic Interview-Revised (ADI-R). We examined the
Keywords: reliability and validity of PARS on the basis of data from 572 participants (277 PDD patients
POD and 295 nonclinical controls). Inter-rater reliability was sufficient at both the item and
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scale level. Factor analysis extracted four subscales, for which internal consistency was
found to be high. The sub and total scores of PARS showed correlations with the domain
and total scores of ADI-R, in line with theoretical prediction, indicating the convergent
validity of PARS. A receiver operating characteristic analysis showed that PARS has good
discriminative validity in differentiating between PDD patients and nonclinical controls,
regardless of intellectual capacity. Considering that PARS can be easily implemented by
professionals with appropriate knowledge regarding PDDs, PARS may be superior to the
existing instruments in terms of cost performance.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Over the course of many years, several instruments have been developed for the diagnosis, evaluation, and screening of
pervasive development disorders (PDD). In recent years, the Autism Diagnostic Interview-Revised (ADI-R; Le Couteur et al.,
1989; Lord, Rutter, & Le Couteur, 1994) has been broadly accepted as a standardized interview-based diagnostic instrument
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for PDD. The Autism Diagnostic Observational Schedule (ADOS; Lord et al., 2000, 1989) is also widely used as an observation-
based diagnosticinstrument. These instruments have a high level of discriminative validity with respect to the differentiation of
PDD from non-PDD and are useful in reaching a definitive diagnosis; however, their implementation requires special training
and significant time, leading to the development of numerous simpler evaluation scales in recent years.

The Modified Checklist for Autism in Toddlers (M-CHAT; Robins, Fein, Barton, & Green, 2001), which has been broadly
accepted as a screening instrument, is a unique tool that comprises a combination of questionnaires, telephone interviews,
and structured follow-up interviews. Although it is a highly useful tool, its use is limited to toddlers because it was developed
with the aim of early identification of PDD. In countries such as Japan and other Asian countries lacking the medical and
governmental services for PDD that exist in the United States and Europe, it is believed that many people with undiagnosed
PDD exist in a broad age group. In fact, Kawamura, Takahashi, and Ishii (2008) reported that in Toyota City, Japan, where a
new systematic PDD screening system has been implemented, there were 11 times more detections of PDD compared with
that observed in a survey done 20 years ago. However, few regions in the world have an adequate PDD detection system of
this kind. Considering this, the development of a simple and practical evaluation scale that can be applied to a wide age group
is an important and pressing issue.

The Autism Spectrum Screening Questionnaire (ASSQ; Ehlers, Gillberg, & Wing, 1999), Autism Screening Questionnaire
(ASQ; Berument, Rutter, Lord, Pickles, & Bailey, 1999), and Social Responsiveness Scale (Constantino et al., 2003) have been
developed as PDD evaluation scales that can be applied to a relatively broad age group. As all of these evaluation tools are in
the format of a questionnaire that can be evaluated by parents or teachers, they have the advantage of being fairly easy to
implement. However, in most cases, parents lack the specialized knowledge needed to understand PDD, so the standards for
rating individual items can vary greatly depending on the individual conducting the evaluation, possibly leading to a
deterioration of the reliability of evaluation results. Furthermore, though teachers generally have more PDD-related
knowledge than do parents, they have less specific knowledge of each individual child; hence, their evaluations tend to be
less reliable than those of parents. In practice, the sensitivity (true positive rate) and specificity (one minus false positive
rate) of the ASSQ in distinguishing PDD and non-PDD was .91 and .77, respectively, for the parent evaluation and .90 and .58,
respectively, for the teacher evaluation (Ehlers et al., 1999). Considering that the sensitivity and specificity of the ADI-R were
1.00 and .90, respectively (Lord et al.,, 1997), the level of accuracy of the ASSQ in distinguishing PDD from non-PDD was
insufficient in the hands of both parents and teachers. Furthermore, in a simultaneous comparison conducted by Charman
et al. (2007), sensitivity and specificity in identifying autistic spectrum disorders was .86 and .78, respectively, for the ASQ
and .78 and .67, respectively, for the SRS, thereby indicating its insufficient precision in practical use.

To resolve this dilemma between accuracy and simplicity, the PDDs Autism Society Japan Rating Scale (PARS) has been
developed in Japan as an instrument for evaluating PDDs (Adachi et al., 2006; Kamio et al.,, 2006; Tsujii et al., 2006). This scale
was developed with the aim of providing an instrument that is simpler to use than the ADI-R and ADOS; is applicable to any
age group, unlike the M-CHAT; and has better reliability and validity than questionnaire scales such as the ASSQ and ASQ.
While PARS uses an interview format similar to ADI-R, the procedures, which are briefly summarized in the manual, can be
implemented after simple training. Furthermore, because the criteria for rating each item is clearly defined in PARS, a more
reliable and valid evaluation is possible than with questionnaire scales. In order to ease the rating process and shorten the
evaluation time, the evaluator assigns values at three levels—none (0 points), somewhat apparent (1 point), and apparent
(2 points)—for the 34 items listed as typical behavioral symptoms of PDD. This innovation ensures that the time required to
implement PARS is kept to 30-90 min, depending on the interviewer’s proficiency and the target's age and symptoms.

There is no international literature on the psychometric properties of PARS, although PARS is now widely used in Japan.
This study examined the reliability and validity of PARS and involved a study population of 628 test subjects that included
302 people with PDD and 326 people without PDD. Specifically, we evaluated the inter-rater reliability, factor structure,
internal consistency, correlation with the ADI-R, and the ability to distinguish subjects with PDD from a nonclinical sample.

2. Methods
2.1. PARS

The PARS instrument has been developed (Adachi et al., 2006; Kamio et al., 2006; Tsujii et al., 2006) and published (PARS
Committee, 2008) in Japan. It involves the evaluation of PDD symptoms through a semi-structured interview conducted with
a parent or family member of the subject as the target. This tool can be used to assess not only the risk of PDD but also the
need for support pertaining to administrative and medical services. PARS comprises both an evaluation of symptoms when
they were most pronounced during infancy (named the peak symptoms scale) and an evaluation of current symptoms
(named the current symptoms scale). The former is used mainly to an assessment of PDD risk, and the latter is mainly used in
assessment of actual support needs. The peak symptoms scale, which comprises 34 items, is the same for subjects of all age
groups, whereas the current symptoms scale, which comprises 57 items, has 3 versions targeting different age groups:
preschoolers, primary schoolers, and adolescents/adults. This study reports on data obtained from the peak symptoms scale.

The PARS peak symptoms scale comprises 34 items that describe the characteristic behavioral symptoms of PDDs during
the preschooler phase. The items were selected by a panel of eight child psychiatrists and a developmental clinical
psychotherapist who were specialized in autism research and clinical practice with more than 10 years of expertise. They
compiled behavioral characteristics shown by children with PDD and classified them into eight categories—Interpersonal



H. Ito et al./ Research in Autism Spectrum Disorders 6 (2012) 1265-1272 1267

Relationship, Communication, Restricted Interests, Stereotyped Behavior, Resistance, Hypersensitivity, Clumsiness, and
other complications. From these, 34 items relating to symptoms that are specific to PDD, as well as items relating to
nonspecific symptoms with high need for either clinical or administrative support, were selected. Twenty-two out of the 34
items corresponded to diagnostic features for PDD in the Diagnostic and Statistical Manual 4th Edition, Text Revision (DSM-1V-
TR: American Psychiatric Association, 2000), and 8 corresponded to associated features. Symptoms described in the
remaining four items (items 15, 27, 28, and 32) were not listed in the DSM-IV-TR, but since they are often present in PDD
children seen in everyday clinical experience, they were included in the scales.

The evaluation of each item in PARS is based on a 30-page manual (PARS Committee, 2008). This manual includes detailed
explanations of the questioning and rating standards for each item. For example, for item 1 of the peak symptoms scale (not
making eye contact), a sample question “has the child ever had difficulty making eye contact?” is presented, and the rating
standards are listed in detail: “0: made eye contact always,”" *1: had some difficulty making eye contact (made eye contact
when requesting or showing interest in something but not otherwise; sometimes made eye contact and sometimes did not;
made eye contact only with the parents but not with others),” and “2: rarely made eye contact (did not make eye contact
with parents; avoided eye contact).” In this way, evaluation based on subjective criteria of the interviewer is avoided, and a
more objective evaluation is possible.

2.2. Sample

The 572 subjects of the main sample comprised two broad groups: a PDD group made up of 277 subjects and a nonclinical
control group made up of 295 subjects (Table 1).

Participants in the PDD group were diagnosed as having PDD or subordinate disorders based on the DSM-IV by
experienced psychiatrists of medical and educational facilities in 28 areas throughout Japan. The diagnoses were made by
integrating data from parental interviews; developmental and medical information; records provided by parents, other
caregivers, and teachers; and direct observations of and interactions with the children. Subjects were referred to the facilities
due to developmental concerns and randomly recruited for the study by examiners belonging to the facilities. Among these,
175 subjects underwent full-scale 1Q tests using intelligence scales such as the Wechsler (Japanese WISC-HI Publication
Committee, 1998; Shinagawa, Kobayashi, Fujita, & Maekawa, 1990), Binet (Tanaka Institute for Educational Research, 2003),
and K-ABC scales (Kaufman, Nadeen, & Kaufman, 1993). Of the 175 subjects, 51 were considered mentally retarded (1Q < 70),
while 118 were not (1Q 2 70). To evaluate the correlation between PARS and the ADI-R, an ADI-R interview was additionally
administered to 74 subjects (mean age = 14.0 years; SD = 3.6; range = 7-24 years; mean 1Q = 86.2; SD =24.7; range = 40-135)
from the PDD group.

Table 1
Characteristics of the main sample.
Age 1Q Gender
M sp® Range M N Range Male Female Total
All age groups

PDD group 12.5 5.8 3-39 81.6 29.2 19-142 233 44 277
Without MR? (1Q° 2 70) 12.7 5.5 4-39 97.2 16.8 70-142 105 13 118
With MR (1Q = 70) 123 4.9 5~31 43.6 15.7 18-69 44 13 57
1Q unknown 12.4 6.3 3-32 - - - 34 18 102

Nonclinical control group 10.8 7.6 3-38 - - - 153 142 295

Preschoolers (age, 36 years)

PDD group 5.1 1.0 3-6 74.1 245 22-121 27 12 39
Without MR (iQ = 70) 5.4 08 4-6 87.7 13.6 70-121 9 5 14
With MR (1Q < 70) 5.9 0.4 5-6 47.0 17.8 22-68 3 3 6
1Q unknown 4.5 1.0 3-6 - - - 15 4 19

Nonctinical control group 4.8 1.0 3-6 - - - 69 63 132

Primary schoolers (age, 6-12 years)

PDD group 9.9 1.8 6-12 80.9 319 18-140 94 15 109
Without MR (1Q = 70) 10.2 L7 7-12 99.6 16.2 71-140 46 5 51
With MR (IQ < 70) | 9.2 2.0 6-12 405 135 18-65 16 5 21
1Q unknown 10.0 1.7 7-12 - - - 32 5 37

Nonclinical control group 9.2 1.8 6-12 - - - 34 33 67

Adolescents and adults (age, 12-39 years)

PDD group 17.3 5.2 12-39 774 312 19-142 112 17 129
Without MR (1Q 2 70) 17.1 5.5 12-39 97.9 16.9 70-142 50 3 53
With MR (1Q « 70) 159 3.7 12-31 449 16.7 19-69 25 5 30
1Q unknown 17.8 5.0 12-32 - - - 37 g 46

Nonclinical control group 201 8.0 13-38 - - - 50 46 96

* Mean.

" Standard deviation.

¢ Pervasive development disorders,
¢ Mental retardation.

¢ Intelligence quotient.
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Participants in the nonclinical control group were recruited from the local communities by individual examiners at
locations such as schools, daycare centers, universities, offices, parents’ circles, and neighborhood organizations. Individuals
were excluded from the nonclinical control group if they had a clinical diagnosis of any psychiatric disease. 1Qs were not
recorded for the nonclinical control group because they did not have histories of any psychiatric problems or special needs
education and were considered to have normal intellectual ability.

Furthermore, separate from the main sample, data from 56 participants {(mean age = 9.2 years; SD =5.8; range = 3-26
years) diagnosed as having PDD by experienced psychiatrists were analysed to evaluate the inter-rater reliability of PARS.

The protocol of this study was approved by the institutional review board of Hamamatsu University School of Medicine.

2.3. Procedure

Psychiatrists, clinical psychologists, and graduate students involved in the service for developmental disorders
administered the PARS interview by referring to the manual. They had undergone a brief training, which had the following
agenda: (a) a lecture on psychiatric features of individuals with PDD; (b) instructions on the rating criterion of each item of
PARS; and (c) open completion, scoring, and discussion of the interview. They conducted the PARS interview with the
informants (many of whom were parents) after obtaining the appropriate informed consent. The interviewers were not
completely blind to the probands’ diagnosis because some of them recruited participants themselves. For some participants,
an additional ADI-R interview was implemented by Japanese interviewers who had undergone a three-day long ADI-R
training workshop in the United States to learn the implementation and scoring methods of ADI-R (Lord et al., 1994). They
created a Japanese translation of the ADI-R and received permission from the original author and the publisher to use it
through a validation process based on Japanese sample (Tsuchiya et al.,, submitted for publication). The ADI-R generates
algorithm scores for each of the three subdomains; (a) qualitative impairments in reciprocal social behavior; (b) delays in
language development; and (c) restricted range of interest and/or stereotypic behaviors. The item composition of the
subdomain of delays in language development differs depending on whether or not a subject can use language. We
implemented ADI-R only for subjects who can use language.

For the sample used for evaluation of inter-rater reliability, PARS was administered independently to each informant by
two interviewers (one experienced specialist and one less experienced trainee).

2.4. Statistical analyses

A comprehensive examination of the reliability and validity of PARS was conducted in five steps. First, to consider the
inter-rater reliability of PARS, the correlation coefficient between the scores recorded by the two interviewers of the same
subject was calculated. Second, to examine the factor structure of PARS, exploratory factor analysis (mean-adjusted weight
least-square estimation with promax rotation) was performed based on the PDD group data, and four subscales were
extracted. As the score for each item was considered as an ordered categorical variable of three values, factor analysis was
carried out using the polychoric correlation coefficient (see Holgado-Tello, Chacon-Moscoso, Barbero-Garcia, & Vila-Abad,
2010). Third, the « coefficient was calculated based on data of the PDD group to examine the internal consistency of the
overall scale and four subscales. Fourth, to examine convergent validity, correlation of PARS scores with the ADI-R algorithm
scores was considered using Pearson's coefficient.

Fifth, to consider how well PARS distinguishes between PDD and non-PDD, t-tests and receiver operating characteristic
(ROC) analysis (Swets, 1988) were performed. ROC analysis plots the curve (ROC curve) of the true positive rate (sensitivity)
vs. the false positive rate (one minus specificity) as the discrimination cutoff value is varied. The larger the area under the
ROC curve (AUC), the higher the discriminative power of the scale. In general, sensitivity and specificity are in a trade-off
relationship, and the two cannot be simuitaneously maximized. In the present study, the cutoff value was set at the point
where the sum of sensitivity and specificity was the largest, and sensitivity and specificity for that point were reported.
Further analysis including the presence of mental retardation (MR) as a variable was conducted to consider whether the
discriminative power of PARS is influenced by 1Q level.

Before initiating the abovementioned analyses, we examined the difference in the scale scores for the 3 age groups
because previous studies (Adachi et al., 2006; Kamio et al., 2006; Tsujii et al., 2006) have examined the scale properties of the
PARS separately for each age group. One-way ANOVA showed that the total PARS score did not significantly differ for the 3
age groups, both in the PDD group, F (2, 280)= .41, p=.66, and in the control group, F (2, 315)=2.49, p=.08. Therefore, we
decided to perform the analyses without any distinction between the age groups.

Significance levels of statistical tests were set at 5% and 1%. Mplus (Muthén & Muthén, 1998-2007) was used for factor
analysis, and SPSS 15.0} (SPSS Inc., 2006) was used for other analyses.

3. Results

3.1. Inter-rater reliability

Spearman’s rank correlation coefficients between the scores of two interviewers were significant for all items (p < .05 in
item 27; p < .01 in remaining items), with an average value of .68 (SD =.11). For the total score, the Pearson’s correlation
coefficient between the scores of the interviewers was r=.78 (p < .01).
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Table 2
Corrected item-total correlations and factor loadings.
No. Item =T corr® Factor loading
F1 5CP F2 SD° F3 B¢ F4 RI®
5 Does not communicate interest by pointing .70 .83 17 .01 .20
6 Verbal development is delayed 7 .82 -.29 .00 .09
7 Conversation does not continue .79 81 -22 .03 29
4 Does not bring items to show 67 79 .16 .08 -.23
1 Does not make eye contact 74 69 -.01 .06 .04
2 Is not interested in other children 74 62 23 .02 -.05
9 Does not play with other children 79 .57 08 15 .06
3 Does not look back when name is called 70 53 02 20 .06
28 Becomes unstable bringing back to unpleasant memories 53 .20 82 -.06 -.01
26 Becomes confused when everyday situations or routines changes .69 .06 67 ~12 .06
33 Suddenly cries or becomes upset .60 J12 62 .02 .05
32 Is very scared over nothing 54 -.10 .60 -.06 .18
34 Show self-injurious action like banging head on wall or chewing hands 46 .01 41 .26 .15
27 Cannot maintain personal independence due to disrupted lifestyle 41 =17 40 25 -.19
30 Disturbed by particular sounds 63 ~.03 37 19 21
24 Does not like to be touched .58 14 37 20 .10
31 Is either insensitive or oversensitive to pain, heat, etc. 62 -.15 .36 28 .03
20 Does not like to be held .56 .18 25 .16 17
22 Turns pages or crumples paper repeatedly in the same way 54 .03 —.14 .67 23
9 Eats or swallows nonfood items 37 .00 -.05 .66 22
14 Likes watching things that revolve 59 .03 ~.05 .66 13
18 Is hyperactive and may go anywhere if left unattended 62 .05 -.20 65 -.02
17 Walks on tiptoes 47 -.01 .01 .60 -.18
23 Moves entire or part of the body repeatedly in the same pattern 56 .03 07 54 .06
12 Becomes immersed in sensory play 61 15 -.05 51 06
15 Looks at things from the corner of eye or from extremely close .62 15 -.03 48 23
" Repeats the words of commercials, etc. 61 -.08 ~.086 .00 .81
10 Parrot-like repetition stands out .68 37 ~.10 -.08 .68
13 Loves road signs, logos, numbers, and letters .59 ~13 .09 .06 .60
8 Speaks only one way to say what he/she wants .70 .09 .04 -.06 51
21 Repeatedly watches specific scenes of videos 62 -11 15 .14 49
25 Persistently asks the same question 48 -28 19 .00 .38
16 Becomes immersed lining up toys and bottles 61 .05 21 .03 34
29 Extremely unbalanced diet, eats very few food items 57 03 18 A 24

Interfactor correlations

F1 F2 F3 F4
F2 25
F3 45 50 -
F4 27 .42 33 -

Bold loadings indicate grouping in sub-scales.
* Corrected item-total correlation.
® Sacial Communication.
€ Sensitivity/Difficulty.
¢ Stereotyped Behavior.
© Restricted Interests.

3.2. Factor structure and internal consistency

Table 2 shows the corrected item-total correlation for each item and the results of factor analysis. Based on a scree plot(9.25,
3.76,2.36,2.02, 1.68, 1.62, . ..) that showed a leveling-off of eigenvalues after the fourth factor (cf. Cattell, 1966) and perceived
interpretability, a four-factor solution was employed. The four factors explained 42.27% of the variability of the total score, and
each factor was named in decreasing order according to the factor loading of the items grouped in the factor, starting with Social
Communication, Sensitivity/Difficulty, Stereotyped Behavior, and Restricted Interests. The o coefficient based on data of the
PDD group was .84 for the communication scale (8 items), .74 for the sensitivity/difficulty scale (10 items), .72 for the
stereotyped behavior scale (8 items), and .70 for the Restricted Interests scale (8 items). The a coefficient for all scales was .86.
All of the individual item-to-total score correlations were positive and mainly substantial, in the range of .37-.79 (29 of the 34
exceeding .50). The mean values for each subscale and the total score for each group are shown in Table 3.

3.3. Correlation with the ADI-R

The correlation of PARS subscores and total score with ADI-R domain scores and total score is shown in Table 4. The score
of Qualitative Abnormalities in Reciprocal Social Interaction in ADI-R showed moderate correlation with the score of Social
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Table 3
Means and standard deviations of PARS total score and subscores.
Social Sensitivity/ Stereotyped Restricted Total sore
Communication Difficulty Behavior Interest
M sp® M sD M SD M sD M SD
PDDS group 10.03 4.62 7.36 4.61 6.12 4.02 7.96 4.09 31.46 12.52
Without MR* (1Q > 70) 8.83 4.37 7.04 4.99 5.46 3.68 8.1 423 29.45 13.00
With MR (1Q < 70) 12.66 318 7.83 439 8.21 4.12 8.45 417 3714 11.55
Nonclinical control group 0.38 1.19 043 1.05 0.54 1.07 0.88 1.50 223 3.64

* Mean.

® Standard deviation.

¢ Pervasive development disorders.
¢ Mental retardation.

Table 4

Correlations between the ADI-R and PARS.
PARS ADI-R

Social Interaction® Communication” Stereotyped Behavior® Total score

Social Communication 48~ 437 07 48"
Sensitivity/Difficulty 17 .03 377 20
Stereotyped Behavior 03 27 427 25"
Restricted Interest .07 10 a1 .19
Total score 27" 317 46" 417

? Qualitative abnormalities in reciprocal social interaction.

P Qualitative abnormalities in communication.

© Restricted, repetitive, and stereotyped patterns of behavior.
* p<.05

“ b Ot

Communication in PARS. Furthermore, the score of Qualitative Abnormalities in Communication in the ADI-R showed
moderate correlation with the score of Social Communication in PARS, and weak correlation with the score of Stereotyped
Behavior and the total score in PARS. The score of Restricted, Repetitive, and Stereotyped Patterns of Behavior in the ADI-R
showed weak correlation with the score of Sensitivity/Difficulty in PARS and moderate correlations with the score of
Stereotyped Behavior and Restricted Interests and the total score in PARS. The total score of the ADI-R showed a moderate
correlation with the score of Social Communication and the total score in PARS and a weak correlation with Stereotyped
Behavior.

3.4. Discriminative validity

Table 5 and Fig. 1 shows the results of the t-test and ROC analysis between the PDD groups (whole group and without MR
group) and the nonclinical control group. Three main points can be concluded from the table and figure. First, PARS shows
high discriminative power even when the presence or absence of MR is controlled. Second, for either comparison, the total
score has more discriminative power than the subscores. This is a general trend seen in other evaluation instruments such as

Table 5
Discriminative validity of the total and subscores of PARS.
3 AuC” Cutoff point Sensitivity Specificity

PDD vs. nonclinical control
Social Communication 339 973 3 929 959
Sensitivity/Difficulty 246 961 2 921 902
Stereotyped Behaviors 225 928 2 896 851
Restricted Interests 272 953 3 875 902
Total score 376 991 9 975 956
PDD without MR vs. nonclinical control
Social Communication 20.8 964 3 908 959
Sensitivity/Difficulty 143 949 2 882 902
Stereotyped Behaviors 144 921 2 .882 851
Restricted Interests 182 952 3 882 902
Total score 225 990 9 975 956

A All £ values are significant at the 1% level.
b Area under the curve.
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Fig. 1. Receiver operating characteristic curves for discrimination between normal control group and whole PDD (left) and PDD without MR group (right).
SC, Social Communication; SD, Sensitivity/Difficulty; SB, Stereotyped Behaviors; RI, Restricted Interests,

the ADI-R (Lord et al., 1997) and ASQ (Berument et al., 1999). Third, the desired cutoff values are not affected by the presence
or absence of MR.

4. Discussion

The objective of this study was to validate PARS, a scale developed for (1) the evaluation of PDD symptoms in a simpler
manner than “gold standard” instruments, such as the ADI-R and ADOS, and (2) more objective evaluation than
questionnaire scales, such as the ASSQ and ASQ. As long as the interviewer has a certain level of expertise pertaining to PDDs,
PARS can be used after brief training and can be administered in an hour on an average by simplifying and structuring the
interview procedure as much as possible and by using simple and clear terms in the manual. In this study, we administered
PARS to individuals with PDD and nonclinical controls in order to examine its reliability and validity.

The rating scores recorded by two different interviewers of the same subject showed a sufficient correlation for individual
items as well as for the overall score, demonstrating the inter-rater reliability of PARS. The developers of questionnaire scales
have often criticized the form of the interview method, stating “the severity of each assessed behavior is rated by the
interviewer ‘second-hand’ on the basis of the parent’s answers” (Constantino et al., 2003). This criticism is based on the belief
that the interview process produces random or systematic measurement error due to its “second-hand” nature. However,
the PARS interview’s high inter-rater reliability indicates that it produces little random error, probably because of each item’s
clearly defined rating criteria. We believe that a semi-structured interview conducted by specialists in treatment of
developmental disorders will provide a more accurate measurement than a questionnaire scale based on the subjective
judgments of people who lack specialized knowledge, as long as rating criteria are clearly defined and sufficient inter-rater
reliability of the evaluation instrument is maintained.

Factor analysis extracted four subscales: Social Communication, Sensitivity/Difficulty, Stereotyped Behaviors, and
Restricted Interests. The Social Communication scale corresponds to the “reciprocal social interaction skills” and
“communication skills” criteria of the DSM-IV-TR (American Psychiatric Association, 2000), and the Stereotyped Behavior
scale and the Restricted Interests scales correspond to the DSM-IV-TR’s “presence of stereotyped behavior, interests, and
activities.” While there is no clear correspondence of the Sensitivity/Difficulty scale with the DSM-IV-TR criteria, it addresses
many peripheral symptoms such as sensory over-responsibility and problematic behavior, which are thought to be
important in practical support for PDD patients. Through these four scales, PARS not only covers core PDD symptoms but also
covers a wide variety of peripheral symptoms. Each subscale and the overall scale showed an « coefficient greater than .70,
which demonstrated sufficient internal consistency.

Correlation with the ADI-R clearly duplicated the correspondence relationships with DSM-IV stated above,
demonstrating the convergent validity of PARS. Furthermore, the Sensitivity/Difficulty scale showed a correlation with
the ADI-R’s Restricted, Repetitive, and Stereotyped Patterns of Behavior domain. This might show that the limited interest or
fixation on specific things or objects may be the root cause of peripheral symptoms included in the Sensitivity/Difficuity
scale.

Through the ROC analysis of the ability of PARS to distinguish between PDD and non-PDD, PARS showed high
discriminative power regardless of the intellectual capacity of the patient. The total score demonstrated a higher
discriminative power than the subscores, similar to the case with the ADI-R (Lord et al.,, 1997) and ASQ (Berument et al.,
1999). Considering its ease of implementation, PARS may be superior to the ADI-R or ADOS in terms of cost performance.
Furthermore, the ROC analysis indicated that the selected cutoff value of PARS is relatively stable regardless of the
intellectual capacity of the patient. The fact that a fixed cutoff level can be employed regardless of the nature of the interview
subjects is considerably important in terms of convenience and utility in practical use.
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One limitation of the study is that the interviewers were not completely blind to the probands’ diagnosis. This factor
might have a positive influence on the result of discriminative power analysis. Thus, the conclusion about our measurement
technique’s discriminative power is limited. However, it is unlikely that this problem systematically affects the result of our
other analyses (i.e., factor analysis, reliability analysis, and correlation analysis), because the lack of blindness might
uniformly raise the score of the PDD group and lower the score of the control group. Such uniform changes do not affect these
kinds of analyses.

Finally, we discuss future issues. First, although this study examined the discriminative power of PARS in differentiating
between PDD patients and the general population, there is a need to examine its discriminative power in other
developmental disorders, such as attention deficit hyperactivity disorder, which shows somewhat similar symptoms to PDD
(Hattori et al., 2006), or in other mental disorders, including schizophrenia, depression, and anxiety disorder, which often
occur together with PDD. Second, the effectiveness of PARS in distinguishing subordinate diagnoses of PDD, which was not
included among the objectives of this study, also needs to be considered. By appropriately combining the four subscales
extracted in the factor analysis, PARS might be able to distinguish among subordinate diagnoses. We believe this is also an
important issue with respect to the versatility of PARS. Third, an English version needs to be developed if PARS is to be used
internationally. Currently, PARS is published in Japan and is being used by many clinical and research institutions (Yamada
et al,, 2007), but it cannot be used overseas as the Japanese version is the only one that exists. Since PARS is simpler than the
ADI-R or ADOS and has sufficient reliability and validity, it can be an extremely useful instrument worldwide.
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The Neurological Examination of the Child with Minor
Neurological Dysfunction, third ed., Mijna Hadders-
Algra. Mac Keith Press (2010), ISBN-10: 1898683980,
ISBN-13: 978-1898683988.

The 3rd edition of this book was written by Mijna
Hadders-Algra, Professor of Developmental Neurology
at the Department of Neurology, University of Gronin-
gen, and is one of the “A Practical Guide from Mac
Keith Press” series. The Ist and 2nd editions were pub-
lished in {970 and 1979, respectively, and this 3rd
edition has been substantially revised and expanded to
incorporate recent findings. However, it upholds the
principles of pediatric developmental neurology by Bert
C.L. Touwen and Heinz F.R. Prechtl, who wrote the Ist
edition, because Hadders-Algra, together with Touwen,
Prechtl and colleagues, has examined thousands of pedi-
atric patients since the early 1980s.

In this book, she described the details of the examin-
ations to notice and detect a possible neurobiological
basis for behavioral, learning, and motor coordination
problems in a child. These neurological examinations
are clinically very important in the assessment of children
with various developmental disorders, such as attention-
deficit hyperactivity disorder (AD/HD), autism spec-
trum disorder {ASD), learning disabilities (LD) and
developmental coordination disorder (DCD).

The author emphasized in this book that a child with
behavioral and learning difficulties should be assessed
neurologically because the brain is involved in generat-
ing his behavior and the neurological assessment enables
the examiner to evaluate at lease part of the integrity of
the brain.

The book consists of 10 chapters and contains an
abundance of references.

The authors, including Touwen and Prechtl, have
proposed the concept of minor neurological dysfunction
(MND), instead of minimal brain dysfunction (MBD), a
term that has not been used in recent years.

The Ist and 2nd chapters describe the histories of
these two terms and summarize the importance of evalu-
ating so-called ‘soft neurological signs’ in clinical practice
in order to diagnose developmental disorders. The ‘soft
neurological signs’ is termed variously by other research-
ers, such as ‘equivocal signs” (Kennard, 1960), ‘soft signs’
(Hertzig, 1981), or ‘subtle signs’ (Denckla, 1985). In any

case, it is persuasive, these days, that the pediatric devel-
opmental neurological examinations of the quality of
motor behavior are powerful and sensitive tools for the
evaluation of brain function.

The 3rd chapter introduces the Groningen assessment
with the reliability and validity of its psychometric prop-
erties. This assessment was originally developed in the
1960s by Touwen and Prechtl, and was expanded in the
1970s by Touwen, respectively. The most items are con-
sisted by the assessment of sensorimotor function, such
as posture, muscle tone, reflexes, involuntary movement,
coordination, fine manipulative ability, associated move-
ment, and the cranial nerves. The author stressed that it
is important that single signs, or abnormal reflex in the
absence of other neurological signs have no clinical sig-
nificance. These signs only have significance when they
co-occur with other signs within a functional domain
or cluster.

The 4th and following chapters illustrate in detail the
methods of assessment of pediatric patients who are sit-
ting, standing, walking, or lying down. This is followed
by information on the effects of age on assessment and
performance, and details of scoring.

This book contains an abundance of photographs
and figures to reinforce the reader’s visual and practical
understanding of the subject area. The demonstration of
a complete set of patient examination techniques in the
accompanying DVD will help with further understand-
ing of the concept. In particular, a comparison between
normal functions and those in MND makes it easier for
a beginner to distinguish the typical findings. In addi-
tion, the tables of age-related changes in typical perfor-
mance in each chapter are easy to understand and highly
practical.

The final, 10th, chapter, Interpretation of Findings,
refers to the concept of disabilities in the International
Classification of Functioning, Disability, and Health:
Children and Youth Version (ICF-CY 2007) proposed
by the World Health Organization (WHO). The authors
largely classify MND into simple MND and complex
MND. Complex MND is more strongly associated with
learning, behavioral, and motor problems than simple
MND, and she suggested that the distinction between
two forms of MND is clinically useful. The most inter-
esting idea is that they also divide MND into several
subtypes on the basis of the results of close examinations
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of the cases they have dealt with. She proposed specific
types of MND, such as (1) Dysfunctional posture and
muscle tone regulation, (2) Dysfunctional reflex activity,
(3) Mild dyskinesia, (4) Mild problems in coordination,
(5) Mild problems in fine manipulative ability, (6) Exces-
sive associated movements, (7) Mild cranial nerve dys-
function, and finally, Mild sensory dysfunction.
Further developmental neurological studies, including
brain imaging, of the differences between the various
types of MND are expected to be done in future. How-
ever, as she describes, these neurological findings may
assist the understanding of etiology and facilitate tai-
lor-made guidance for the child.

There are only a few standardized methods of system-
atically viewing these soft neurological signs in clinical

settings. This book is therefore quite useful for medical
students and residents, as well as for pediatricians.
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Abstract

Neurophysiological characteristics in clectroencephalograms (EEG) were investigated for patients with pervasive developmental
disorder (PDD) and for patients with attention-deficit/hyperactivity disorder (AD/HD). This study examined 64 PDD children and
22 AD/HD children with no history of epilepsy or progressive neurological or psychiatric disorder. We used multivariate analysis to
compare EEG abnormalitics, clinical symptoms, and intelligence levels between PDD and AD/AD patient groups. Paroxysmal dis-
charges at the frontopolar-frontal (Fp-F) brain regions and background EEG abnormalities tended to be detected preferentially in
the PDD group, although paroxysmal discharges at central-temporal (C-T) regions tended to be detected preferentially in the AD/
HI group. The paroxysmal discharges observed in patients expressing persistence and impulsivity are apparently localized respec-
tively in the Fp-F and C-T regions. A combination of EEG abnormalities, including background EEG abnormalities and parox-
ysmal discharges at Fp-F and C-T regions, might be useful diagnostic hallmarks to distinguish PDD with AD/HD from AD/HD
alone using a logistic regression model. The dysfunction of specific brain areas associated with EEG abnormalities might explain
characteristics of clinical symploms observed in PDD and AD/HD patients.
© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Kevwords: Pervasive developmental disorder; Attention-deficit/hyperactivity disorder; Electroencephalogram abnormality: Paroxysmal discharges

1. Introduction existence of dual diagnoses of PDD and AD/HD,
assigns priority to the diagnosis of PDD, not AD/HD
According to the Diagnostic and Statistical Manual [1]. Practically, however, clinicians often encounter
of Mental Disorders, Fourth Edition (DSM-1V) criteria, patients with a spectrum of these two disorders, which
pervasive developmental disorder (PDD) can be dis- could be diagnosed as overlapping PDD and AD/HD

criminated from attention-deficit/hyperactivity disorder rather than as a variant of PDD [2].

(AD/HD). The nosology, which does not accept the
prevalence of epilepsy and electroencephalographic
abnormalities in children diagnosed as having PDD or

; ;bonding author at: Department of Pediatrics, Faculty of AD/HD than in normal school-aged children. The

Medical Sciences, University of Fukui, Eiheiji. Yoshida, Fukui 910- respective prevalence rates of children with PDD and

1193, Japan, Tel.: +81 776 61 3111 fax 1776 61 8129, AD/HD showing EEG abnormalities have been

E-miail address: kawatani@@u-fukuiacip (M. Kawatani).
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Numerous reports have described higher rates of
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reported as 21-86% and 18-30% [3-13). Whether PDD
and AD/HD have distinctive and intrinsic EEG abnor-
malities remains unknown. This study analyzed and
compared the respective relations between EEG abnor-
malities and either PDD or AD/HD. We then assessed
the clinical utility of EEG in the differential diagnosis
of these disorders.

2. Patients and methods

This study examined 86 children (12 female and 74
male) with PDD (r = 64) or AD/HD (s = 22) who had
been referred to the Hiratani Clinic for Developmental
Disorders of Children during January 2004-December
2008 for evaluation of their development and for diagno-
sis and treatment of their challenging behaviors. The
author (M.H.), a pediatric neurologist at the clinic,
checked up and diagnosed all subjects according to
DSM-1V criteria. Patients with 1Q of 70 or less (Wechsler
Intelligence Scale for Children, Third Edition; WISC-
1), and those with comorbid epilepsy, progressive neu-
rological or psychiatric disorders were excluded.
Informed consent was obtained from the subjects and
their guardians. The ethical committee of the University
of Fukui approved the project.

Each participant’s EEG was recorded for at least
30 min under awake and natural sleep conditions. The
10--20 international electrode placement method was used
with a time constant 0.3 and a 100 Hz high-frequency fil-
ter. The EEG abnormalities included background EEG
abnormalities (slowed rhythmicity or laterality of basic
waves) and paroxysmal discharges. “Slowed rhythmicity”
was defined as an occipital basic rhythm of which the fre-
quency was at least | Hz or slower than that of the age-
matched standard basic rhythm, and “laterality of basic
waves” was defined as asymmetrical occipital amplitude
of not less than 50% [15,16]. Paroxysmal discharges were
classified as either “diffuse” or “localized”. The localized
discharges were divided into three groups according to
the respective dominantly affected regions: Fp-F, fronto-
polar to frontal regions; C-T, central to temporal regions;
and P--O, parietal to occipital regions. “Lateralization of
paroxysm” was defined as paroxysmal discharges
detected only in a unilateral hemisphere. The presence
of rolandic spikes (RS), which was one of C-T localized
paroxysm, was also examined.

Medical records related to the characteristic symp-
toms of PDD and AD/HD including delayed language
development in early childhood, persistence, impulsiv-
ity, temper tantrums, clumsiness, and hypersensitivity
were obtained for this study. The intelligence level was
assessed using the Wechsler Intelligence Scale for Chil-
dren, Third Edition (WISC-III).

Statistical analyses were conducted using software
(SPSS ver. 13.0 J; SPSS Inc., Tokyo, Japan). Statistical
significance was inferred for p < .05. Univariate and mul-

tivariate associations among various clinical parameters,
including symptoms and EEG findings, and the diagno-
sis were tested using logistic regression analysis. The
Press Q statistic was used to evaluate the discriminatory
power of the classification matrix produced by a logistic
regression model when compared with a chance model.
Data are expressed as the mean + SD or the median
and range. Differences between two groups were analyzed
using unpaired r-tests, Fisher’s exact test, and y>-tesls.

3. Results
3.1, Clinical characteristics of patients

Subjects enrolled in this study were 8.6 & 2.2 years
old. The EEG and intelligence assessments were exam-
ined at similar ages of both PDD and AD/HD groups.
Among the clinical symptoms, delayed language devel-
opment in early childhood, persistence, and hypersensi-
tivity perception were more prevalent in patients with
PDD than in those with AD/HD (Table 1). No signifi-
cant difference was found in the prevalence of impulsiv-
ity, temper tantrums, or clumsiness between the PDD
and AD/HD groups, or in their 1Q values.

3.2. Relation between clinical entities and EEG abnorma-
liries

Background EEG abnormalities were observed more
frequently in the PDD patient group than in the AD/
HD patient group (22% vs. 9%) (Table 2). The total inci-
dences of paroxysmal discharges were not significantly
different between the PDD and AD/HD groups (52%
vs. 41%). Paroxysmal discharges with foci at the Fp-F
brain region, RS, and diffuse ones tended to be more
detected in the PDD group, whereas paroxysmal dis-
charges with foci in C-T and P-O regions tended to
be more detected in the AD/HD group. However, uni-
variate analysis showed no statistically significant differ-
ences. No significant difference in the laterality of
paroxysmal discharges was found between PDD and
AD/HD groups. The patients who had been sub-classi-
fied into the inattention subtype of AD/HD exhibited no
EEG abnormality. No differences among subgroups of
PDD were apparent in terms of the prevalence of each
EEG abnormality. Fig. 1 presents examples of charac-
teristic EEG abnormalities.

3.3. EEG abnormalities are associated with clinical symp-
toms but not with intelligence levels

Patients with delayed language development in the
early childhood exhibited more background EEG
abnormalities (32%, y -tests p < .01) than patients with
other clinical symptoms (15-21%) (Table 3). Paroxysmal
discharges observed in patients expressing persistence or
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Table | A
Patient data. B e o T PRIt as e LAt e N L S FEOTYUPLISYCERR ALY Y
Subtype PDD (n = 64) AD/HD (n=22) p-Value . et BB P i 1o ‘xi/f@g—-" 5
Fpl-at s A e R Y il PRI e g N o
Autistic disorder: 15 Inattentive: § ’ WM""J WWMW\\«VW.W"AM m’\wﬁw’ il ’ N ”[’\‘”
Asperger disorder: 32 Hyperactive impulsive: 0 . . A P sk " »
PDD-NOS: 17 Combined: 17 fonz vﬂ_,»«mwwhw’%f*mwwvwwm«wh“”w B I
Gender (female/male) 10/54 2/20 ns. oAl 22 o ft il LYW )Q L oh g} LTI N Ty e
NN Sy 5 st A N e {1 R i faan |
Age when EEG was recorded 8.7 & 2.3 years 8.4 1.9 years ns. ety N N e, A d “
Age when 1Q was assessed 8.6 4 2.2 years 8.4 + 2.0 years ns. ) N o rodpied ] 4 = /i]‘.? E LT I, PN
Clinical presentation B y@%\r\ﬁ"&mﬂ‘& b g ‘””“”‘Wwdwmf L ‘V‘fwo*&f b i;‘rV’ q@é ¢ g{ e Ea
Delayed language development 23 (36%) 2 (9%} <05 ¥
Persistence 61 (95%) 4(18%) <01 TRAL i A SN i Pt NN SIS0 ST AT
Impulsivity 44 (69%) 18 (82%) n.s.
Temper tantrums 46 (72%) 17 (77%) n.s. TEAD i A SO ATt SIS 8 I A N
Clumsiness 48 (75%) 12 (55%) n.s. i . i : # N i
Flypersensitivity 42 (66%) 5 (23%) <01 T N O R e Y A L it
WISC-IT1 E o Eahet kY ! g*
Full-scale 1Q 95+ 14 96+ 13 n.s. A 5 it P N NN N
= Pt g P W T e
Verbal 10 9315 4+ 13 s, pui Aiaid A
Performance 1Q 9915 100 £ 15 n.s. . gwﬂﬁ/ﬂvywww“ww,mm%\ et P T R g el ﬁ&.&ﬁwfﬁ:&gA-\mﬂ«wq@vzw;ﬁ s
Mean £ SD; PDD. pervasive developmental disorder; AD/HD, attention-deficit/hyperactivity disorder; PDD-NOS, pervasive developmental dis- ¥ :
order not otherwise specified; WISC-111, Wechsler Intelligence Scale for Children, Third Edition; n.s., not significant. DAl o s A ot e g Ao A P w*‘ﬁ‘wv’l"\jhmﬁ%ﬁ z{'\w\ﬁf‘ AT

oAl éfw“v’mwm"”‘xf\fm\m*v««%;m*\{%'ﬁw\mg‘”\g}w{%d /xg;wbwwgi,mg‘w@%;«w%Amﬁﬂy\ vy

a2 A E L A N e s e A P, PORAS S, A PR T b s i
02A2 ot Moy S ¥ il 7 .

Table 2 L____

Relation between EEG abnormalities and clinical entities. B
PDD AD/HD g v B Y. PTETREE IR L LTI 9
Autistic  Asperger  PDD-NOS  PDD with  Total Combined type  Inattention type  Total FolAl N .
disorder  disorder AD/HD* " M%«LM‘«-\& o b ot LTI N
Number 15 2 17 51 64 17 5 » g v
d 2 ] 22 p2A2 e I i e
Background abnormalities  5(33%) 7 (22%) 2 (12%) 12 (24%) 14 (22%) 2 (12%) 0 2 (9%) e S PV i g g “v«x.m..,wmw
8(53%)  19(59%) 6 (35%) 2 (51%)  33(52%)  9(53%) 0 9 (41%) AL e A g
427%) 11 (34%) 5 (29%) 15 (29%) 20 (31%) 4 (24%) 0 4 (18%) T o “\M«%M o T A i o i T s i NPt
3(20%) 10 (31%) 3 (18%) 15 (29%) 16 (25%) 3 (18%) 0 3 (14%) . . ) e
3(20%) 9 (28%) 2 (12%) 12 (24%) 14 (22%) 8 (47%) 0 8 (36%) S e s W WWMW;WW” v \‘v"‘”’M““Mw“w*’\s“"&wwﬂmwm.w\m
2(13%)  S(I6%) 3 (18%) 7 (14%) 10 (16%) 5 (29%) 0 5 (23%) '
1(7%) 1 (3%) 1 (6%) 2 (4%) 3 (5%) 0 0 0 ATt s o S50 5o, PN 5 S g N g Gl SN
Laterality Rt 3(20%) 9 (28%) 1 (6%) 10 (20%) 13 (20%) 3 (18%) 0 3 (14%)
Lt 1 (7%) 1(3%) 2 (12%) 4(8%) 4 (6%) 3 (18%) 0 3 (14%) TR St NS i AP b B i P i

PDD, pervasive developmental disorder; AD/HD, attention-deficit/hyperactivity disorder; PDD-NOS, pervasive developmental disorder not

Pl W L PR
otherwise specified; Fp-F, frontopolar-frontal region; C-T, central-temporal region; P-O, parietal-occipital region; RS, rolandic spikes; R, right ™

€3AL "jﬂw\}'_‘ﬁ"”‘w\ﬁm}‘wx A N F NS i BN sl
it

side dominant: Lt, left side dominant. N o o et A P
“ Cases of PDD fulfifled the diagnostic criteria for AD/HD. O A I i T T S S
PRAL SO i L i W“’w\}vﬁ%MWMW*J’”‘“‘N«'W"”‘“N\\N g
hypersensitivity were most detected in Fp-F brain and those aged 9-12, respectively (Table 5). Moreover, TP " i
regions, whereas those observed in patients expressing significant differences of the positive rate of EEG vaz A o st ﬁmw’”““f““"”“”‘»M@WMWWMv‘g et
impulsivity were most in the C-T region. Neither back- abnormalities with age were not found between groups ™ Tt ‘
ground EEG abnormalities nor the presence of paroxys- (Table 5). oral ‘W'*”me%w%ﬁmw it ”"-“fw"‘fwfﬁuwww ‘v”"‘”%%j’%w”mwf
mal discharges showed a significant correlation with ) P S B o . -
intelligence level, including full scale IQ, performance 3.5. Usefulness of EEG findings to distinguish PDD and omia T S ! TN e N S S
1Q, and verbal 1Q values, irrespective of the clinical ADI/HD L
entity (Table 4). Fig. 1. Examples of characteristic EEG abnormalities. (A) This EEG record during sleep periods of an 8-year-old boy with PDD shows a spike wave
We evaluated the clinical usefulness of EEG findings on the bilateral frontal region (underline). (B) This EEG record during sleep periods of a 6-year-old boy with AD/HD shows small spike waves on the
3.4. EEG abnormalities according to the age in PDD and to distinguish PDD and AD/HD as an auxiliary diag- bilateral central region (underline). Calibration, 50V, 1's.
ADIHD nostic means (Table 6). First, the following variables
. . were analyzed as univariate dxa_lgnostlfz criteria to differ- and diffuse, Fp-F, or C-T paroxysmal discharges. to the DSM-IV. Therefore, we excluded these two fac-
. Paroxysmal discharges and bac}( grou‘nd abnormali- entiate PDD .fwm AD/HD: impulsivity, temper tan- Delayed language development and persistence are tors from logistic analysis. Although each criterion
ties were detected most frequently in patients aged 6-8, trums, clumsiness, background EEG abnormalities, important criteria for the diagnosis of PDD according alone is not a significant discriminating factor, when
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Table 3
Relation between clinical symptoms and EEG abnormalities,

Presentation Delayed Persistence Impulsivity Temper Clumsiness ” ¢
Diagnosis langnage tantrums sensitivity

development

PDD AD/HD PDD AD/HD PDD AD/HD PDD AD/HD PDD AD/HD PDD AD/HD
Number 23 2 61 4 44 18 46 17 48 12 42 5
Background abnormalities 8 0 13 0 10 2 9 I 8 1 9 1
Paroxysmal discharges 13 0 32 1 22 8 23 5 23 5 23 3
Diffuse 8 0 19 0 14 4 14 2 14 2 13 3
Foci at Fp-F 3 0 16 0 11 3 8 3 11 2 3 I
C-T 5 0 13 I 10 7 8 4 10 4 8 2
P-O 5 1) 9 0 8 4 9 4 7 3 7 i
RS 2 0 2 0 1 0 2 0 3 0 ! 0
Laterality Rt 3 0 3 0 1t 2 8 3 9 2 9 1
Lt 3 0 4 0 3 3 3 1 4 I 3 0

PDD, pervasive developmental disorder; AD/HD, attention-deficit/hyperactivity disorder: Fp~F, frontopolar-frontal region; C-T, central-temporal
region; P-O, parictal-occipital region; RD, rolandic discharge; Rt, right side dominant; L, left side dominant. “Two patients’ clumsiness was not

assessed.

Table 4
Relation between 1Q levels and abnormalities.
Diagnosis vIQ® PIQ" FIQ"

PDD ADHD PDD ADHD PDD ADHD
Number 60 22 60 22 60 22
Background abnormalities 93 12 (13) 98 + 26 (2) 98 = 15 (13) 1234£9(2) 954 12 (13) 1H 21 (2)
Paroxysmal discharges 924 14 (30) 94 15 (9) 96 16 (30) 9917 (9) 93+ 13 (30) 95415 (9)
Difluse 91 416 (18) 9N+17(4) 97+ 18 (18) 10324 (4) 94 4 14 (18) 97 £ 20 (4)
Foci at Fp-F 89412 (16) 90 £ 18 (3) 93 17 (16) 101k 11 (3) 90 =k 13 (16) 95 13 (3)
C-T 9t 413 (13) 95416 (8) 93416 (13) 100 + 18 (8) 92+ 11 (13) 974 15(8)
P-O 89+ 15 (10) 97 £ 19 (5) 101 £ 13 (10) 11015 (5) 94 4: 13 (10) 104 414 (5)
RS 96 4 10 (3) None 93 +12(3) None 94+ 14 (3) None
Laterality Rt 86+ 15(13) 89416 (3) 95 4+ 19 (13) 9411 (3) 90 15 (13) 91:£6(3)
Lt 90 12 (57) 90+ 18 (3) 92+ 8 (57) 106+ 12 (3) 90 £ 7 (4) 95415 (3)

VIQ, verbal 1Q; P1Q, performance 1Q, FI1Q, full scale 1Q; PDD, pervasive developmental disorder; AD/HD, attention-deficit/hyperactivity disorder;
PDD-NOS, pervasive developmental disorder not otherwise specified: Fp-F. frontopolar-frontal region; C-T, central-temporal region; P-O,
parictal-occipital region; RD, rolandic discharge; Ry, right side dominant; Lt, left side dominant. "Mean £ SD (cases with EEG abnormalities).

728 M. Kawatani et al. ! Brain & Development 34 (2012) 723730

Table 6
Multivariate analysis of clinical parameters and EEG findings to discriminate PDD from AD/HD.

Univariate analysis

Clinical parameters Multivariate analysis

Un-adjusted OR 95% CI p-Value Adjusted OR 95% C1 p-Value
Clinical presentation
Impulsivity 0.49 0.15-1.63 0.25 0.57 0.15-2.21 0.42
Temper tantrums 0.75 0.24-2.34 0.62 0.53 0.13-2.19 0.38
Clumsiness 2.00 0.69-5.76 0.20 2.79 0.84-9.29 0.10
EEG
Background abnormalities 2.80 0.58-13.46 0.20 4.77 0.74-30.53 0.099
Diffuse paroxysmal discharges 2.05 0.61-6.83 0.25 2.13 0.50-9.08 0.3}
Fp-F paroxysmal discharges 0.47 0.12-1.81 0.28 6.27 0.87-45.44 0.069
C-T paroxysmal discharges 0.49 0.17-1.40 0.18 0.13 0.022--0.70 0.018
Regression model based on EEG findings
Background abnormalities 5.29 0.86--32.55 0.073
Fp-F 5.04 0.92-27.73 0.063
C-T 0.15 0.034-0.68 0.013

OR, odds ratio; 95% CI, 95% confidence intervals; Diffuse, diffuse paroxysms; Fp-F, focal paroxysms at the frontopolar to frontal region; C-T, focal
paroxysms at the central to temporal region. Unadjusted and adjusted OR and 95% CI were calculated using logistic regression analysis. Presence
and absence of parameters were converted, respectively, to 1 and 0. Diagnoses of PDD and AD/HD were converted, respectively, to | and 0.

Table 7
Multivariate analysis of clinical parameters and EEG findings to discriminate PDD with AD/HD from AD/HD.

Clinical parameters Univariate analysis Multivariate analysis

Un-adjusted OR 95% CI p-Value Adjusted OR 95% Cl1 p-Value
Clinical presentation
Impulsivity 0.59 0.17-2.04 0.40 0.74 0.18-3.09 0.68
Temper tantrums 0.64 0.20-2.05 0.46 0.40 0.09-1.76 0.22
Clumsiness 1.95 0.65-5.82 0.23 2.63 0.75-9.26 0.13
LEG
Background abnormalitics 3.08 0.63-15.10 0.17 6.19 0.82-406.51 0.077
Diffuse paroxysmal discharges 1.88 0.54-6.48 0.32 2.24 0.44-11.27 0.33
Fp-F paroxysmal discharges 0.16 0.68--10.27 0.16 9.38 1.09--80.50 0.041
C-T paroxysmal discharges 0.54 0.18-1.59 0.26 0.09 0.01-0.72 0.023
Regression model based on EEG findings
Background abnormalities 7.54 1.01-42.55 0.049
Fp-F 6.76 1.08-42.55 0.042
C-T 0.12 0.02-0.66 0.015

OR, odds ratio; 95% Cl, 95% confidence intervals; Diffuse, diffuse paroxysms; Fp-F, focal paroxysms at the frontopolar to frontal region; C-T, focal
paroxysms at the central to temporal region. Unadjusted and adjusted OR and 95% CI were caleulated using logistic regression analysis. Presence
and absence of parameters were converted, respectively, to 1 and 0. Diagnoses of PDD with AD/HD and AD/HD were converted, respectively, to |
and 0.

classified correctly by the final regression model were and C-T paroxysmal discharges were identified by statis-
76.7%. The Press Q statistic was 24.6 > 6.63, which is tically significant discriminating factors in the final mod-

Table 5
Paroxysmal discharges and background abnormalities according to the age in PDD and AD/HD.
PDD (1 = 64) AD/HD (n = 22)
Paroxysmal discharges Background abnormalities Paroxysmal discharges Background abnormalities
Number (positive rate) 33 ({52%) 14 (22%) 9 (41%) 2 (9%)
6-8 years 25/36 (69%) 8/36 (22%) 7/12 (58%) 1/12 (8%)
9-12 years 7122 (32%) 6/22 (27%) 2/9 (22%) 1/9 (11%)
13-15 years 1/6 (17%} 0/6 (0%) 0/1 (0%) 0/1 (0%)

PDD, pervasive developmental disorder; AD/HD, attention-deficit/hyperactivity disorder.

analyzed with all criteria as confounding factors, the
absence of C-T paroxysmal discharges and the presence
of Fp-F paroxysmal discharges seems to support the
diagnosis of PDD rather than AD/HD. Of note, the
presence of Fp-F paroxysmal discharges might affirm
the opposite diagnosis depending on co-evaluation of

the presence of C-T paroxysmal discharges. Finally,
using a stepwise regression method, the final model
comprising the presence of background abnormalities
and Fp-F paroxysmal discharges was produced. The
absence of C-T paroxysmal discharges is apparently
useful for the diagnosis of PDD. Cases that were

the critical value at a significance level of .01, indicating
that the predictions were significantly better than could
be expected by chance. The logistic regression models
showed that VIQ, PIQ, and FIQ were not significant
independent criteria (data not shown).

As a practical matter, discriminating PDD with
AD/HD from AD/HD alone is difficult. We re-evaluated
the usefulness of EEG findings to distinguish PDD with
AD/HD from AD/HD alone using a logistic regression
analysis. As Table 7 shows, similar results were obtained.
The presence of background EEG abnormalities, Fp-F,

els. The hit ratio of the final regression model was 74%.
The Press Q statistic was 16.78, indicating that the classi-
fication results are significantly better than could be
expected by chance.

4. Discussion

According to DSM-1V criteria, PDD and AD/HD are
classified as distinct clinical entities. However, many cases
show difficulty in discriminating PDD with AD/HD from
AD/HD alone, according (o the clinical symptoms and
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developmental history {2]. The usefulness of EEG exami-
nation for diagnosis of PDD and AD/HD has remained
controversial. Our data show that a combination of
EEG findings, including background EEG abnormalities,
and paroxysmal discharges at Fp-F and C-T brain
regions might be a useful diagnostic hallmark that is use-
ful to distinguish PDD with AD/HD [rom AD/HD
alone, and that focal EEG abnormalities might reflect
their neurophysiological characteristics cooperatively.

Patients with PDD or AD/HD are known to present
epilepsy and EEG abnormalities in many cases [8-13].
The detected prevalence of EEG abnormalities among
patients with PDD or AD/HD varies depending on
the study design. Few studies have examined the quali-
tative differences in the EEG findings between these
patient groups. Limitations to interpretation of the
results of the previous studies are applicable for the {ol-
lowing reasons. First, some studies adopted different
diagnostic criteria, such as DSM III-R, or specified none
{3.7.9]. Second, the enrolled subjects in the studies differ
in age and level of intellectual development. Tuchman
et al. reported a significant association between severe
language deterioration and EEG abnormalities in a
minority of PDD patients {4]. Several studies have dem-
onstrated a correlation between low 1Q level and EEG
abnormalities [5,6]. Because the patients enrolled in this
study were diagnosed with PDD or AD/HD according
to the DSM-IV criteria, with neither mental disability
(full scale 1Q < 70), severe language deterioration, nor
epilepsy, we were able to exclude influences of mental
disability and epileptic seizures on the subjects” EEG
findings. In fact, this study revealed no significant rela-
tion between the I1Q level and EEG abnormality.

Kawasaki et al. [3] reported that paroxysmal dis-
charges at the frontal brain regions emerged in a patient
with PDD during middle childhood and adolescence.
Yasuhara et al. [6] demonstrated that 85.9% of children
with PDD suffer from epileptic seizure discharges,
which more frequently developed from the frontal part
(40.5%) and fronto pole (12.5%) than from other brain
regions (< 11%). Consistent with these findings, paroxys-
mal discharges at the Fp-F region are apparently
detected preferentially in PDD patients and are associ-
ated with “persistence”, a necessary criterion for the
diagnosis of PDD. The presence of paroxysmal dis-
charges at frontal brain regions might support the
PDD diagnosis.

The paroxysmal discharges at the P-O region are
apparently more associated with “Temper tantrums”
than with other clinical symptoms. “Temper tantrums”
is a clinical symptom observed in patients with com-
bined type of AD/HD as well as those with PDD. Con-
sequently, unlike the presence of paroxysmal discharges
at the Fp-F region, those at the P-O region cannot be
regarded as a discriminating factor between PDD and
AD/HD by logistic regression analysis.

Holtmann et al. reported that the prevalence of RS in
children with AD/HD is significantly higher than that
expected from epidemiologic studies and that some
AD/HD children with RS tended to exhibit more hyper-
active-impulsive symptoms [11.14]. Although RS were
not detected in the EEG of AD/HD patients in the pres-
ent study, the presence of other forms of paroxysmal
discharged at C-T regions is more likely to be associated
with impulsivity and is apparently a predisposing factor
to AD/HD. Dysfunction of C-T brain areas might
impair executive functions, leading to impulsive behav-
iors in AD/HD patients.

Several functional brain imaging studies have revealed
a relation between clinical symptoms analyzed in this
study and specific brain regions [17-20]. According to
these studies, persistence and temper tantrums are
related to the frontal lobe, although impulsivity is related
to the frontal lobe, basal ganglia, and thalamus [17-19].
A discrepancy exists in the cerebral localization of impul-
sivity between EEG finding in this study and the results
of brain imaging. Additional studies must be undertaken
to elucidate the pathophysiological effects of localized
paroxysmal discharges on clinical symptoms.

Two main developmental models of developmental
disturbance including AD/HD, the maturational lag
model [21] and the developmental deviation model
[22], have been proposed based on results from electro-
physiological studies. In this study, paroxysmal dis-
charges and background abnormalities decreased with
age in both groups. Moreover, no significant difference
between groups in the positive rate of EEG abnormali-
ties with age was found. Our results are supportive of
maturational lag as the neurophysiological theory in
PDD and AD/HD, although no long-term longitudinal
data of individual subjects exist.

We acknowledge several limitations to our study,
mainly attributable to the small sample size of patients
from a single clinic and a university hospital. Particu-
larly, patients with inattention type and hyperactive-
impulsive type of AD/HD are few. For that reason,
characteristics of EEG findings and clinical parameters
of the AD/HD group might not be representative of
the entire AD/HD population.

In conclusion, we suggest a reevaluation of the diag-
nosis utility of conventional EEG findings in PDD and
AD/HD as independent variables in logistic regression
models. Additional studies must be undertaken to eluci-
date the relation between the foci of paroxysmal dis-
charges and clinical symptoms.
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Abstract

The psychosocial outcomes of individuals with high-functioning autism spectrum disorder (HFASD)
appear to be diverse and are often poor relative to their intellectual or language level. To identify
predictive variables that are potentially ameliorable by therapeutic intervention, this study investigated
self-reported psychosocial quality of life and associated factors for adults with HFASD. All participants
(n = 154) had a diagnosis of autism spectrum disorder, were over 18 years of age, lived in the
community, and had used one or more support services during the survey period. The results
demonstrated that psychosocial quality of life was lower than that of the general Japanese adult
population. Environmental factors, such as mother’s support and early diagnosis, were associated
with better quality of life, and aggressive behaviors were associated with poorer quality of life,
while expressive language level at preschool years, a conventional outcome predictor, did not
predict quality of life. These results emphasize that quality of life measures should be included as
outcome indicators in treating individuals with HFASD.
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Introduction

Because autism spectrum disorder (ASD) is a life-long developmental disorder characterized by
social and communication impairments and repetitive/stereotyped behaviors, therapcutic interven-
tion for individuals with ASD and their families should be planned for and provided throughout the
life span. According to previous outcome studies of autism/ASD, long-term outcomes have repeat-
edly been shown to be relatively poor when measured by conventionally used indicators, such as
employment or independent living, and IQ or expressive language levels during the preschool years,
have been thought to be powerful predictors of long-term outcomes (Kobayashi et al., 1992; Howlin
ct al., 2004; Mawhood ct al., 2000). A growing body of literature indicates that children with ASD
can be reliably diagnosed in the second year of life (Johnson et al., 2007; Landa, 2008). Furthermore,
there is accumulated evidence that early detection and intervention focusing on communication
development can lead to substantially better prognosis (Landa, 2008).

Although individuals with high-functioning ASD (HFASD) usually have good intellectual or
language development from a very early age, their long-term outcomes are not necessarily desirable
and are rather diverse (Kamio et al., 2011). Recent studies have discovered an HFASD subgroup
with comorbid psychiatric conditions, which may lead to poor long-term outcomes (Howlin et al..
2004; Tsatsanis, 2003). Counter-examples arc also found; some who would have been predicted to
do poorly as adults based on their modest intellectual or language development were found to be
leading satisfactory lives (Persson, 2000; Ruble and Dalrymple, 1996). Given such diversity in the
long-term outcomes of individuals with ASD, it is important to measure long-term outcomes more
comprehensively, including subjective aspects such as quality of life (QoL) (Renty and Roeyers,
2006; Ruble and Dalrymple, 1996), and to identify predictive variables that can be changed by
therapeutic intervention.

The QoL concept is increasingly being introduced into the health-related science field for children
with psychiatric disorders (Bastiaansen et al., 2004). According to the World Health Organization
(WHO; The WHOQOL Group, 1995), QoL is defined as ‘the individual’s perception of their posi-
tion in life, in the context of culture and value systems in which they live, and in relation to their
goals, expectations, standards and concerns’, ranging from the person’s physical health, psychological
state, level of independence, social relationships, personal beliefs, and their relationship to salient
features of their environment.

Several studies have investigated QoL during adulthood for people with ASD. Most studies evalu-
ated QoL by proxy (Gerber et al., 2008; Saldana et al., 2009) or through indirect measures (Persson,
2000) for adults with both intellectual disabilities and ASD, and Renty and Roeyers (2006) investigated
self-reported QoL of 58 adults with HFASD. These results showed that the QoL of HFASD popula-
tions largely depends on the nature of support services currently being received, suggesting that QoL
can be improved by changing environmental factors. Furthermore, Renty and Roeyers (2006) dem-
onstrated that although support characteristics were significantly related to QoL in adults with HFASD,
disability characteristics such as 1Q or severity of autism were not. This result emphasizes the impor-
tance of an available supportive social network, individual needs assessment, and effective profes-
sional support for adults with HFASD as well as for ASD adults with intellectual disabilities. However,
in the study by Renty and Roeyers (2006) neither informal nor formal support was correlated with
QoL, and perceived informal support was positively correlated with it.

In Japan, a new regulation took effect in April 2005 that aims to establish multidisciplinary
service systems to improve the function and social participation of individuals with high-functioning
autism, Asperger syndrome, and other developmental disorders. Currently, the majority of people
with HFASD were not diagnosed as children and only a few people received adequate formal or
informal support throughout childhood (Kamio and Inokuchi, 2009). Moreover, mental health
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professionals have become increasingly aware of undiagnosed adults with HFASD seeking psychi-
atric treatment for their comorbid psychiatric symptoms.

The first aim of the present study was to determine the QoL of adults with HFASD living in the
community in Japan. The second aim was to identify factors associated with QoL, both in the present
and the past. We predicted that ongoing support from early childhood to adulthood is associated
with a better QoL in adulthood.

Methods

In January 2009, we conducted a nationwide survey by mailing questionnaires to 192 specialized
facilities that provide consultation and daycare services for local residents with developmental
disorders, and to prefectural centers that provide welfare and primary mental healthcare services
for local residents. These facilities consisted of 61 Support Centers for Persons with Developmental
Disorders, 65 Institutions for Persons with Autism, and 66 Centers for Mental Health and Welfare
Services throughout Japan. Clinical staff at each facility helped identify and enroll study participants.
Participants were eligible for the study if they had a diagnosis of ASD, were 18 years of age or older,
and used any services provided by the facilities during the period 13 January to 13 February 2009.
Among 1103 individuals who were identified as eligible, questionnaires were given to the 402
individuals who were willing to participate in the study and whose parents were also willing to
participate. By the end of March 2009, 321 questionnaires had been collected from participants at
63 facilities (a response rate of 79.9%).

The protocol of this study was approved by the ethics committee of the National Center of
Neurology and Psychiatry in Japan. Written informed consent to participate in our study was obtained
from a parent or a guardian, and also from each participant where possible.

Participants

Out of 202 respondents who returned questionnaires with the self-report portions completed, the
final study sample consisted of 154 respondents (123 males and 31 females) with complete informa-
tion provided by the respondents themselves, their parents, and facility staff who knew the respondents
well. For seven ASD participants, information was obtained not from parents but from facility staff
who knew the respondents well. Because the self-report questionnaires were distributed only to
ASD participants whom facility staff thought could understand and respond appropriately, these
participants should be considered to be relatively high-functioning. Although we could not confirm
their functioning levels with cognitive test data, this assignment appears to be supported by the fact
that 136 of the 154 participants (88.3%) received mainstream education and completed higher
education without any support, and that only four participants (2.6%) received special education
throughout grades 1 to 12. The mean age of the 154 service user participants was 27.6 years (SD
6.5 years, range 18-49 years), and their characteristics based on the parent-supplied information
are outlined in Table 1. In decreasing order of frequency, clinical ASD diagnoses ranged from
Asperger syndrome, pervasive developmental disorders, high-functioning autism, autism, to per-
vasive developmental disorders not otherwise specified (PDD-NOS). Table 2 outlines the past history
of the ASD service user participants as completed by the parents.

Survey questionnaires

The survey questionnaires comprised the following: parent (or staff)-rated items of the ASD service
user’s demographic information (listed in Table 1), past history (listed in Table 2), and performance
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Table I. Characteristics of ASD participants (N = 154}

Characteristics N (%)
Gender

Male 123 (79.9)

Female 31 (20.1)
Age categories (years)

18-24 61 (39.6)

25 + 93 (60.4)
Residential status

Independent living [RNVA)]

Living with family 142 (92.2)¢
Supported living (group home) 1(0.6)
Marital status

Married/partnered 9(5.8)

Unmarried 145 (94.2)
Education

shigh school 92 (59.7)

Further higher education® 62 (40.3)f
Employment

Employeds 37 (24.0)

Unemployed? 115 (74.7)

Homemaker 2.1
Comorbid with other medical conditions

Physical conditions 16 (10.4)

Psychiatric conditions (other than ASD) 58 (37.7)
Challenging behaviors

Self-injurious behaviors 14 (8.1)

Aggressive behaviors 45 (29.2)

*The category ‘shigh school’ includes secondary high school, high school, and special schools for handicapped children.
The category ‘further higher education’ includes college, polytechnic junior college, and graduate school.

The category ‘employed’ includes part-time job, full-time job, and self-employed.

9The category ‘unemployed’ includes no occupation, during vocational training, and during leave.

°A majority of unmarried Japanese men (70.3%) and women (76.4%) (18-34 years) live with parents according to
National Institute of Population and Security Research (2009).

168.6% of new graduates from high school proceed to higher education according to Ministry of Education, Culture,
Sports, Science and Technology (2009).

in his/her current environment (described below); self-rated QoL (nine items across two domains);
and for staff only, several items concerning current family support.

Performance in the current environment.  Parent participants were asked to rate the extent of difficulty
that the ASD service user participant experienced when doing things related to general tasks and
demands, communication, mobility, self-care, domestic life, interpersonal interactions, and relation-
ships in his/her current environment. Those questions were based on WHO's International Classifica-
tion of Functioning, Disability, and Health (ICF), and the definition of ‘current environment” includes
assistive devices or personal assistance whenever the person actually uses them to perform actions or
tasks. The parent participants answered questions using a 5-point rating scale (1 = complete diffi-
culty; 2 = severe difficulty; 3 = moderate difficulty; 4 = mild difficulty; 5 = no difficulty).



