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Fig. 1. Worksheet used in the tracing and copying tasks.

and Tsujii (2011) except for the number of shapes. We selected seven simple shapes from the nine shapes in the original task
because schoolteachers requested for shortening the administration time. These shapes were outlined with dotted lines, and
the students traced these shapes. In the copying task, the students looked at meodels of the shapes (which were identical to
those used in the tracing task) and copied them. The « factors were .71 and .65 in tracing and copying tasks, respectively,
which indicated that these tasks had acceptable levels of internal consistencies. In addition, tracing and copying tasks were
positively correlated with the Japanese standardized achievernent test (Tatsuno et al., 2009), which meant that these tasks
had the convergent validity (r=.27 and .28 in tracing and copying tasks, respectively).

2.2.1.2. Handwriting fluency tasks. Berninger, Mizokawa, and Bragg (1991) developed a simple task for measuring
handwriting fluency that involves writing as many letters of the alphabet as possible in order within one minute. Berninger
et al. (1997) found a high inter-rater reliability for this task (r=.97). In addition, this task has been used and cited in many
handwriting studies (see Berninger, 1999, for a review), and the psychometric information from this task is available as a
developed test that is linked to other writing skills. We applied this task to the Japanese language and developed a
handwriting fluency task for Hiragana and Katakana. In this task, the children wrote as many Hiragana or Katakana
characters as possible in their Japanese syllabary order within one minute. These tasks were positively correlated with the
Japanese standardized achievement test (Tatsuno et al., 2009), which indicated the convergent validity (r=.13 and .32 in
Hiragana handwriting and Katakana handwriting, respectively).

2.2.1.3. Spelling tasks. We revised the spelling tasks in Fujita and Tsujii (2011) to develop shorter version that were more
convenient for the teachers. We selected 24 Hiragana characters and created nine concrete words composed of these
characters (Table 1). llustrations of the nine selected words were presented to the students in an A4-size worksheet. The
Hiragana spelling task required the students to look at an illustration and write its name in Hiragana. The Katakana spelling
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Table 1

Materials used in each spelling task.
Hiragana Katakana Kanji
1) » S5 (dragon) 1) o ¥7(dragon) #: (red) R (foot)
7= & % (racoon dog) 4 R # (racoon dog) g} (town) H (ear)
21+ - ¥ (rocket) a4y p(rocket) + (blue) # (sound)
¢ % (nail) 27 & (nail) fy (rain) # (grass)
3. T (writing brush) 7 5 (writing brush) K 4 (weather) #4 (right)
72 5 x 3 (ostrich) 4 - g v (ostrich) 7 (left)
1 ¢ (thumb) # 4 2 & (thumb) # (string)
~ % (navel) ~ '/ (navel) # 31 (shower)
11 A, (book) ik » (book) 2 (sky)

Note. Words in parentheses indicate the English words corresponding to each Japanese word.

task was identical to the Hiragana spelling task, except that students were required to write the name of the illustration in
Katakana (Table 1). The Kanji spelling task included 14 words composed from 16 Kanji characters. The students were
required to look a Hiragana word and then write the Kanji characters corresponding to that word.

The « factors of Hiragana, Katakana, and Kanji spelling were .88, .94, and .78, respectively, which indicated that these
tasks had sufficient levels of internal consistencies. In addition, these three spelling tasks were positively correlated with the
Japanese standardized achievement test (Tatsuno et al., 2009), which meant that these tasks had the convergent validity
(r=.40, .45, and .53 in Hiragana, Katakana, and Kanji spelling tasks, respectively).

2.2.2. Questionnaire

2.2.2.1. Japanese version of home form of the ADHD-RS. The ADHD-Rating Scale-1V (ADHD-RS: DuPaul, Power, Anastopoulos,
& Reid, 1998) was developed to measure the two major characteristics of ADHD: Inattentive (9 items) and Hyperactive-
impulsive (9 items). Previous research has confirmed sufficient reliability and validity for the home form of the ADHD-RS
(DuPaul, Power, McGoey, lkeda, & Anastopoulos, 1998; DuPaul et al,, 1998). Tani, Okada, Ohnishi, Nakajima, and Tsujii (2010)
developed the Japanese version of the ADHD-RS home form and showed that it had good reliability and validity. The parents/
guardians of the children 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 on the ADHD-RS, the more ADHD symptoms the child
displayed.

2.2.2.2. Japanese version of the DCDQ. The developmental coordination disorder questionnaire (DCDQ) is a parent
questionnaire designed to screen for pediatric DCD (Wilson et al., 2009; Wilson, Kaplan, Crawford, Campbell, & Dewey,
2000). Nakai, Yoshizawa, Kawatani, and Wilson (2009) recently developed a Japanese version of the DCDQ (DCDQ-]), and
Nakai et al. (2011) have reported on a relatively large-scale school-based study describing the applicability of the DCDQ-f to a
community-based population of Japanese children. The DCDQ-] is a 15-item parent rating scale that includes three factors:
Control during movement (6 items), Fine motor (4 items), and General coordination (5 items). Each item is scored on a 5-
point scale as follows: “Not at all like your child (1), “A bit like your child (2)”, “Moderately like your child (3)", “Quite a bit
like your child (4)", and “Extremely like your child (5)", with higher scores indicating better motor coordination.

2.3. Procedures

2.3.1, Writing task

Classroom teachers handed the worksheets to their students in the classroom. Teachers explained the procedures to
students and timed the administration time. All procedures were conducted in a group instruction format.

Experienced speech therapists and a psychologist scored the students’ performances on all the tasks. We trained each
scorer using the coding sheet prior to this study. Scorers coded each character in writing tasks as correct, incorrect, and blank.
We counted the blank as incorrect. The coding sheet illustrated the definition of each code and concrete examples. We
calculated the percent of correct characters in tracing, copying, and spelling tasks. We counted the number of correct
characters in handwriting fluency task.

2.3.2. Questionnaire

We sent each questionnaire to the parents/guardians of students via the classroom teachers. The parents/guardians who
agreed to participate in this study answered the questionnaire and sent it back. The responses from the 816 respondents
were analyzed.
2.4. Statistical analysis

We used the PASW Statistics 18.0 software package (SPSS Inc.) for the statistical analysis. We first calculated the
descriptive statistics {(mean and standard deviations) for the tracing, copying, handwriting, and spelling tasks. In addition,
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Table 2
Descriptive statistics of writing performances and each score in ADHD-RS and DCDQ-J.
Boys Girls t
n M sD n M sD

Writing task
Tracing 405 78.84 22.89 468 88.03 16.11 6.77"
Copying 405 72.84 2248 468 8352 20.13 735
Hiragana handwriting fluency 395 18.50 717 459 17.84 7.25 -1.33
Katakana hand writing fluency 385 19.34 7.37 448 20.77 7.72 2.74"
Hiragana spelling 405 88.95 15.64 468 91.81 12.42 286"
Katakana spelling 405 77.09 25.89 468 84.1 21.76 430"
Kanji spelling 405 84.41 16.35 468 86.27 14.22 1.78

ADHD-RS
Inattentive 375 6.07 492 452 451 3.85 -4.97"
Hyperactive-impulsive 382 3.79 4.06 450 229 2.86 ~597""
Total score 372 9.83 8.36 444 6.79 6.17 -5.76""

DCDQ-J
Control during movement 379 21.28 5,09 448 20.25 4.70 -2.96"
Fine motor 387 13.89 3.46 455 15.61 3.23 7.40°"
General coordination 384 16.17 4.00 453 17.12 3.96 3.39™
Total score 377 51.26 10.95 442 53.00 10.15 235"

* p<.05.

* p<.O1.

*** p<.001.

we computed the descriptive statistics (mean and standard deviations) for each ADHD-RS and DCDQ-] subscale score.
Because some previous studies in Japan demonstrated the gender difference in writing performance (e.g., Kono, Hirabayashi,
& Nakamura, 2008; Uno et al., 2006), we used t-test to examine the difference between boys and girls in each writing
performances and each score of ADHD-RS and DCDQ-J. A principal component analysis with a promax rotation was then
performed using the seven writing performance scores. Three writing composites scores (Spelling Accuracy, Tracing and
Copying Accuracy, and Handwriting Fluency) were derived from the results of the principal component analysis. Third, we
calculated the Pearson Product Moment Correlations between the ADHD-RS and DCDQ-] subscale scores and the three
writing composites scores. Finally, a multiple regression analysis with backward elimination was performed to predict each
composite writing score using the children’s sex and their ADHD-RS and DCDQ-J subscale scores. The number of data inputs
in the analysis varied because missing data were excluded.

3. Results
3.1. Descriptive statistics

Table 2 shows the descriptive statistics for writing performances and for each ADHD-RS and DCDQ-J subscale scores by
sex. The girls demonstrated significantly higher writing performance scores than the boys in all the tasks except for the Kanji
spelling and Hiragana handwriting fluency. By contrast, two ADHD-RS subscale and total scores were significantly higher in
the boys than in the girls. Although the boys had significantly higher DCDQ-] Control during movement score than the girls,
the girls had significantly higher Fine motor, General coordination, and total scores than the boys.

3.2. Principal component analysis

Seven writing performance scores were submitted to a principal component analysis with a promax rotation. Using
Kaiser’s criterion and the scree plot (2.54, 1.52, 1.01, .56, .051, etc.), we derived three interpretable components from the
component structure, Table 3 shows the component loadings for principal component analysis with promax rotation of
writing performances and the inter-component correlations. Based on the magnitude of each component loading, we named
Component 1 “Spelling Accuracy”, component 2 “Tracing and Copying Accuracy”, and component 3 *Handwriting Fluency”.
Spelling Accuracy was moderately correlated with the other two components. The correlations between Tracing and Copying
Accuracy and Handwriting Fluency were not significant. Using the results of the principal component analysis, we created
three composite scores. We calculated the z-score of each writing performance score and then summed them by component.

3.3. Correlation analysis

Table 4 shows the correlations between the composite writing performance scores and the ADHD-RS and DCDQ-] scores.
Tracing and Copying Accuracy was moderately correlated with Fine motor on the DCDQ-] and weakly correlated with the
other ADHD-RS and DCDQ-] scores. No significant correlations were found between Handwriting Fluency and the other
scores. Spelling Accuracy was moderately correlated with Inattentive on the ADHD-RS and Fine motor on the DCDQ-J; it was
weakly correlated with other subscale scores and with the ADHD-RS and DCDQ-] total scores.
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Table 3
Component loadings for principal component analysis with promax rotation of writing performances and inter-component correlations.
Writing performance Component loadings
C1 c2 a
Hiragana spelling 93 -12 -13
Katakana spelling .83 -.06 07
Kanji spelling .58 .28 12
Tracing .01 .86 -.17
Copying ~.08 .88 .10
Hiragana handwriting fluency ~.11 -.14 91
Katakana handwriting fluency 12 11 81
Inter-component loadings
C1 (w2} c3
c2 .35 ~
c3 29 .07° -
Note. Component loadings > .50 are in bold face.
* p<.05.
*** p<.001.
Table 4
Correlations between writing performances and each score in ADHD-RS and DCDQ-J.
ADHD-RS DCDQ-J
Inattentive Hyperactive- Total score Control during Fine motor General Total score
impulsive movement coordination
Spelling accuarcy —.289':' (n=768) -.185" (n=773) -255" (n=758) .078 (n=768) .253" (n=782) .125° (n=777) .165  (n=760)
Tracing and -178"" (n=768) -.130"" (n=773) -.158"" (n=758) .095" (n=768) .319"" (n=782) .191" (n=777) 221" (n=760)
copying
accuracy
Handwriting —.065 (n=768) 018 (n=773) -.031(n=758) .053(n=768) .058 (n=782) .010(n=777) .056 (n=760)
fluency
Note.
* p<.05.
* p<OL
*** p<.001
Table 5
Multiple regression analysis with backward elimination predicting composite writing performance scores from sex, and ADHD and DCD symptoms.
Spelling Accuracy Tracing and Copying Accuracy Handwriting Fluency
R%=.102 R*=.131 R?=.015
B p B p B P
Sex (Girls) .188 <.001
ADHD-RS
Inattentive -.220 <.001 -.182 .001
Hyperactive-impulsive .153 005
DCDQ-J
Control during movement
Fine motor .157 <.001 267 <.001

General coordination

3.4. Multiple regression analysis

Table 5 shows the results of the multiple regression analysis with backward elimination for predicting the composite
writing performance scores using ADHD and DCD symptoms and sex. In the correlation analysis, we found that the subscale
scores of both the ADHD-RS and DCDQ-] correlated more strongly with writing performance than did the total scores.
Therefore, we used each subscale score as an independent variable for predicting writing performances in the multiple
regression analysis.

Inattentive was negatively associated with Spelling Accuracy and Handwriting Fluency. Hyperactive-impulsive was also
significantly associated with Handwriting Fluency. By contrast, Fine motor on the DCDQ-] was positively associated with

Spelling Accuracy and with Tracing and Copying Accuracy. Sex (female) was positively associated with Tracing and Copying
Accuracy.
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4. Discussion

The purpose of the present study was to examine the relationships between ADHD and DCD symptoms and writing
performance in Japanese second grade students from regular classrooms. We hypothesized that ADHD and DCD symptoms
were related to writing performance in Japanese children. The Japanese language has three character systems and it differs
from English in many aspects. Therefore, this study uniquely contributed to understanding the relationships between
developmental characteristics and writing performance for this specific type of language (Japanese).

The descriptive statistics showed that the girls demonstrated higher writing performance scores than the boys in all of the
tasks except for the Kanji spelling and Hiragana handwriting fluency. In addition, gender differences were also found in each
ADHD-RS and DCDQ-] subscale scores and total scores. Previous studies about writing performance (e.g., Graham, Berninger,
Weintraub, & Schafer, 1998; Kono et al., 2008; Uno et al.,, 2006) reported the same results. The result of this study is
consistent with these previous findings. The gender differences in ADHD-Rs and DCDQ-] are also consistent with previous
Japanese studies (Nakai et al., 2011; Tani et al., 2010).

Using principal component analysis, we derived three interpretable components from the seven writing performance
scores and created composites scores for each component: Spelling Accuracy, Tracing and Copying Accuracy, and
Handwriting Fluency. Three composite writing scores significantly correlated each other. However, the Pearson correlation
coefficient between Tracing and Copying Accuracy and Handwriting Fluency was very low. Although these two components
involve graphmotor aspects of writing, these components represent somewhat different aspects: accuracy and fluency.
Students who trace or copy accurately are not necessarily able to write words fluently. This difference may lead to the low
correlation between these two components.

We assessed the developmental characteristics of the children using the ADHD-RS and DCDQ-J, and we examined the
correlations between three composite writing scores and each developmental characteristic. Spelling Accuracy and Tracing
and Copying Accuracy were significantly correlated with all scores in ADHD-RS and DCDQ-J. Especially, we found relatively
high correlation between Spelling Accuracy and Inattentive, and Fine motor, and between Tracing and Copying Accuracy and
Fine motor. On the other hand, Handwriting fluency did not correlate with any scores in ADHD-RS and DCDQ-J. Because these
correlation analyses did not control for each variable, we then conducted the multiple regression analysis. The multiple
regression analysis revealed that the developmental characteristics had differing correlation patterns with the composite
writing performance scores. Sex significantly predicted only Tracing and Copying Accuracy. A high Inattentive score
predicted poor Spelling Accuracy and Handwriting Fluency. This result is consistent with previous findings that have
addressed the relationship between the attention component and writing (e.g., Amundson & Weil, 2001; Tsai et al., 2011).
The relationship between the inattention component and spelling suggests that children with attention problems have
difficulty associating phonemes with graphemes. Moreover, the children with attention problems could not maintain their
attention on the handwriting fluency task, which required them to continue to respond over one minute. Hyperactive-
impulsive predicted Handwriting Fluency. The children with more Hyperactive-impulsive symptoms had more fluent
handwriting skills. This result differs from those of Resta and Eliot (1994), who found no writing differences between ADHD
children with and without hyperactive behavior. This discrepancy may be due to the different methods for measuring
writing. We used performance in the handwriting fluency task as our measure, and Resta and Eliot (1994) measured writing
performance by the parent’s subjective rating of their child’s handwriting. In addition, the differing study populations
(typically developing children / children with ADHD) may have affected this inconsistency.

Of the DCDQ-J subscale scores, only Fine motor predicted Spelling Accuracy and Tracing and Copying Accuracy. The other
two subscale scores did not predict any writing performance scores. Previous studies (Berninger & Rutberg, 1992; Flapper
et al., 2006) have reported similar relationships between fine motor skills and writing performance. Because children are
required to integrate visual, motor, and conceptual abilities in the process of writing (Mercer & Mercer, 2005), children with
fine motor dysfunction tend to have difficulties in writing.

5. Limitation and perspectives

In this study, we examined only handwriting and spelling skills. Writing has many other components such as content and
spatial arrangement. Further researches are needed to examine the relationship between developmental characteristics and
other writing components. We used a cross-sectional survey consisting only of second grade children. Therefore, we need to
assess the relationships between writing performance and ADHD and DCD symptoms in a large longitudinal study to
investigate causal relationships. In this study, we used only parent-rating questionnaires to assess the children’s ADHD and
DCD characteristics. Further research with more sensitive neuropsychological tests is needed to clarify the mechanisms by
which these developmental characteristics lead to writing difficulties.

6. Conclusion
The results of this study of Japanese-speaking students are consistent with previous findings for English-speaking
children. Although this study had some limitations, it provides empirical evidence that developmental characteristics such

as inattention and fine motor skill are related to writing difficulties. Identifying the precise relationships between
developmental characteristics and writing difficulties is an important prerequisite for developing effective interventions.
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The present study examines the relationship among inattentive, and hyperactive-impulsive behavior, aggression,
and depression in elementary school and junior high school students. The participants were 3,885 children and
their teachers and caregivers. Children’s inattentive and hyperactive-impulsive behavior was rated by their teachers
and careglvers (ADHD-RS). Children rated aggression (HAQ-C) and depression (DSRS-C) themselves. Inattentive

and hyperactive-impulsive behavior rated by teachers and caregivers were positively related to aggression and
depression. Inattention predicted higher levels of aggression and depression. Inattentive and hyperactive-impulsive
behavior as rated by teachers was more highly related to depression than those behaviors as rated by caregivers.
The relationships among inattentive, and hyperactive-impulsive behavior, aggression, and depression were almost
the same for both elementary school and junior high school students. This study suggests the importance of
assessing inattentive and hyperactive-impulsive behavior from multiple views to examine the relationship between
inattentive and hyperactive-impulsive behavior and mental health problems.
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Corkum, & Jacques (2009) Ti3, ADHD B¢, A FNV 7 =
—7F— b2REL TS ADHD #, #FIHO3IER
WIS, 32— F—F— ARV RBITHOWN
ExfToTwd, TOHE, IR¥EL Lo ADHD B
HBRHAFICPSPbRAFFCEWTIIHNEL Y
RIS & ORISR LI ABS S oz

LBRRENTW S,

ADHD iZBDH L N3 RBEED L 5 —2HRE1L
METH S, NELRE L, MED> L 0ENR LI
XB3EWRERICH T B R, KFOFELAARRAR
R LONHBERE LTEBRTHLDTH5. ADHD
DOFELE, FEERPSHEVHIITHIFHY LI,
RNV I SERENLZLHRELED, 20
BRELLTHI DL LOBFEM BT ZERL P T
75 (H - di, 2007)s Chronis-Tuscano, Molina,
Pelham, Appleg]ate, Dahlke, Overmyer, & Lahey (2010) i,
A4S 6 HOMIZ ADHD OB 22 2FED 125
% (ADHD #) & ADHD OB W% i Twi v 123
& (HMB) ZdRELiak— bHIEEZITY, 18
WO S OROBIT LR B LT e % g
L7ze %8, I oRMOBIEREH LTV AR
ADHD HAHTHOM 4 B TH oo L ERELT
‘l y % -]

VEnkHic, HEHELTHADHD B, &Hw
WEERLWIDERTIERZZEZNIE, —BOFED
IZBWT HRERL LB - HUHRITIHE M & Bk
2D D b v R REE EOIE L OMICHEA
Hohshd L, B, ADHD idH 7 X1 —
16T & 2HE T4 { (Levy, Hay, McStephen, Wood,
& Waldman, 1997), #TdREZELZD) - HEHATE
BREZRTILENDHIEVSIEIFIERSh>2DH
h, BRBELLTOADHD BREZ S ThVWFEDE
DL, HE I REEYENERIC X - T ADHD
KEKROhATHBEIEVHEHETHER LW
LICAER2wEF b TS (DuPaul & Stoner,
2003)0 SO EERERTHL, BFENLBEEZT
T Td, PEES LUSH - HHHTHEmO
RWFELER, TOTHRROLDICEREL LT
® ADHD R & RO BHRE Lol Rz T
AU EENEL LN S,

AW Tit ADHD OBB 2 Z I TVwEFEILD
KEDHLND, FERD X USH) - HHTeEm L
RBUEBLUAIDLOMEY, BEESIESET
BAPEEZLRABICAONEOPERFTEII L
B LA Z0BE, BMFELRBEFENZO0
BAH S THER 2 SHE0CBEL, ThEhois

HERAFEICL LB, N50LoMEZRFIL
72

B &
HEBHELFRE

ABXWICHILTORMMNER 81), v (4
B) OBEERICEH L T2 05 - 45 (86,675 &)
BLUZOMEHM L RBHICHAEG N E RO, X
Wik, 80,0000 AO%AET 5HRBBHTCTH %,
FoyHr s, AhoEESEE, EBOTORAEIC
BHT 2R TOFNMERLTIHICHDIER L,
B4 bR OZFRELTE ), BF oADMK
ZHRBLHADICRELTWB EEZONS, ih,
BAROHBE DBBOFER, MNE 1 ELZHOHE
PHETHLLEL, ABRLTERLEP 72, BES
REGHIBEGHL, EUHBCABTNEOHT LK
Bx ol BM-HEL L UZ0BRBEICH LTI,
HEHBETRAL THEOKBE L BEHEORS 217>
2o BMFEILOWTIE, 79 AEEITo 22 REE
FBHAEEIZOVTIE, $U%BBFBRTHD, #5%5
LE, TOUFHXLBTHo/o FAEIEL, HFFED
8 A, BAFED L RBEFFEN I AICEHBSIh,
B TIE, ZANE, HMFE REFFSH W
PORBEOARLN N o7:3,885 BETHHREL
T2o BB OWIRE Table 1 127 T, LB, FBIELTIE,
BRSBRERICHTE YT AR - AR ETEBEL
o 7::0

213

FEES LUSH - GOHHTHER TEEBLV
8- HEHWTHEmENE T 52D, Dupaul,
Power, Anastopoulos, & Reid (1998) 2t(35% L7z ADHD
Rating Scale-IV (ADHD-RS) % w7z TOREIL,
ADHD » X% ¥&TH 5 “FikgE (9HE)" & “%
i - st QHEB) D2 THRE»GHERER
Twh, ADHD-RS (213, #AHREEIR & RBEF T
AH5H, WITRHFALEE» OSBRI TEY, #
Mz, “FEHONEISHEITCILBTLFEHO
THERLEISFLTVWEEFFOTCHATLES
W kW EUR, BREER, ‘BFeéer» AHOTED
SADTRETOITBERD LS RLTW2HEST 2 —
DBATOEBDIFLLBEW EnIHIERDBE,
FLHofBErERLA-EHBIIHLT, “2v, 3
LARIBLEALRWOR)" "LELEHLU KL
WLiZd2 QA “EECLIZILIESS QA" @
AHETEET 3. BEIRBVIIERERB L USH)-
HHWTHERIRGC L E2RT. ABFETIR, &F
LH0BEHM S X UREE A ADHD-RS ICHZ L
7z ADHD-RS ® HAFEHOR YU L BEFEHEICOWT
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Table 1
Grade and sex of participants in this survey
Male Female Total
Second grade 232 255 487
Third grade 266 288 554
Fourth grade 213 240 453
Fifth grade 256 288 544
Sixth grade 242 245 487
Seventh grade 250 235 485
Eighth grade 206 242 448
Ninth grade 194 233 427
Total 1859 2027 3885

i, ETRFR-CREE S L Twb (Ohnishi, Okada, Tani,
Nakajima, & Tsujii, 2010; Tani, Okada, Ohnishi, Nakajima,
& Tsujii, 2010), ABIE T, BHEHFOHRF LIS
BHBEOSFBAZTHRESSAL LTHMLY,

WM KPR, IREE RO ) (BR),
BAWOBE, THHE LTORRLWS 3MEZE
BTsdbor L CTRLX (WL, 2002), Hostility-
Aggression Questionnaire for Children (HAQ-C: 3K #: -
g - Bk - KE - B3 - KAT, 20000 EAIVTHE
HEFE Lo HAQ-C i3, HBHEFLHMICET
% Buss-Perry Aggression Questionnaire (BAQ: Buss &
Perry, 1992) 2 F L HICKELARETSH ), BAQ
LR BE (6FEHE) "EX SHHE)" “g4M
BE (63HH)" “HEMNRE (SHHE)" LENHEES
HEOE 27 HE» LR ShTw 3, REFR T,
WM E %8R <22 B E 28 Lz, HAQ-C ICIZRTK-
HERERADVELE LA, BE - £, "ROXRE,
HhicEROWHTIRT N FTH LWIERD
br, BBEOHSOBHIIOWT, "FoKHTiX
ok 15)" "bEndTETOE QH)" "L
{HTiEED GA)™ “LTHILHTEES WH)
D4 HETRET 5, REOR LM L BEMICOWT
i, RATBRTHEINTYS R, 2000), &
BT, BFILICHBOAIB A2 THRERE
ELTHHLA. : .

SO WHI2LwHHEIIE, WHIOEF W
OfFER, HAEBLE LTOI2KO=S208® & T
N BAF (Compas, Ey, & Grant, 1993), FHZE TS
D4ERICE K % H T, Birleson Depression Self-Rating
Scale for Children (DSRS-C: Birleson, 1981) @ H A i&
BROHHE -k % KB, 199%6) 2HWCTFERO
15 oEREWEL. SORBEE, “SBLADOXER 6
HE)” "ER® 6HEB) BRI GHEHE) ED
HRB L HHBER GEE)" 04 TRRED SR
EhTwd, L L, UEORTIE 2 BFHEN
RENTEY (ERE- #3k, 2002 & - HiE - W -
it - B - Gl - i3, 2010), EBEB L UKL
&oﬁﬁ(wgﬁr E "W o%s BEHE) @2
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TRREL LTHRAShAZ LM% (B{b, 2010),
DSRS-C IZ X R - e AR AATES Lo BT - A5 1L,
“bisLibid, BLVWAE»Y TIREL, brok
EALVHDL, BLLBVWHDD D 3, AL BAN,
CO1ABEARERLE o, BTRTHLETA
ROFHEARTL AN EWHEROD &, Ak
REOSSRBIZOWT, "FARI 3V (0 A)”
CLEEEEILE E) w0 EHIE QA 0
3tFECHEET S, REORSHE L BEIEICOWVWTIL,
EFHRCHRESRTWS (FHIE, 1996; &1,
2010)0 AW TIE, BFTLICEEOSIHBRET
URESEELTHHBLA,

{RIEMIECHR

AT ERENKZORBEZERROREZLETIT-
720 BANBOBIIZONVWT, XHDEFayF4H
VY —FHFTEHILCHARRENERDOD & ICHK
HXhiz, HEANOWHRIETETHD, BADTSA
Ny—FRBENB L REX . A, HREBHE
R LT, FESERICHmE, FRILICHE RO
T4 —FR9 7 %Fo7

DIHE

B EBRBHICLILFELORERBIUSH) - &
BRITHERBONEL, FLHIDVETHECILL M
DLHBEHEOMEERET A0, TRRERA
FHOCHEFRRETY Y 7L L A AN 2 17o
Foo SSAMENHE, HBEEH) DOEFREFRIIONT
SHROEF N ERB LI T, FAEEBLUSD -
W THRIAT B D S B & 405 DR B HBNIC
DN, ERBHEETRHT 2 00MESL L pdg
OZoORRHAEEET 5L LB ET-
72 BMICHMMBERIZVEFNV (BFNV]) %
BHL, KICHRBAMCHEELREN hd ol A LM
SRCHEMPBERB LTV (BFNV2) 2RFL,
BBICTRTONR LGP SMBH EBR L EFTN
(BFN3) 2RI L7. EFVMOREL, AL
AIC, CFIIZ& o THi o/,

B R

LS O

BEREORBHE & % Table 2 12, ADHD-RS &
DSRS-C, HAQ-C &£ D B 42 8 % Table 3 {2 7R §%
ADHD-RS D EEZE M OHMIZOoNT, FEEE
= 34, Wk HodiE r = 30 Tdh o 72o ADHD-
RS O FHEREIX, DSRS-C B & UFHAQ-C DiFIZ§~
TOTHURELEELZHMZRL, thbnffiitr
=05 7br=.20 D ETH o7z T/, DSRS-C
¥ HAQ-C L oiicd, £TOTHREMTHE LM
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Table 2
Descriptive statistics of study variables

Mean SD a

ADHD-RS
Teacher ratings
Inattentive 135 339 .90
Hyperactive-Impulsive 064 223 .86
Caregiver ratings
Inattentive 460 468 90
Hyperactive-Impulsive 208 327 .86
HAQ-C
Hostility 1227 4.00 81
Anger 1041 341 .80
Physical aggression 1334 432 .83
Verbal aggression 1295 287 67
DSRS-C
Decline of activity and enjoyment 591  3.56 .79
Depressive mood 348 275 75

BiASH S M7=, DSRS-C DTFHRETH &ML
SURLADFBLI) DR 1E, SHUBEL A
DEMW (r=-34 BLUr=-10) #7EL, Fhil
NO3ITHRELIZIEQCHE (r= 2026 r=.57)
ERL7

FESSLUSE - HRNTHERCKERE, 155
DESEEDRE

BREECERTIET N BRUCHKFLBTINE
o7z, BMFEESL L URFEHFEIC L 5 ADHD-RS
DEATHREDS, HAQ-C D 4 TRREIZHT 3
NA%ZBEL, ADHD-RS @ 4 T REEM & HAQ-C
OFTRREOBREMICAFTHERET 2MEF NV E
FE Lz BB % Table 4 ISRT . HFFEOARLE
PO (B = .08,p < .001), A (B =.05p< .05)
EHLTHERED N ARALN, SENER (=
-.09,p < .001) CHLTHEEBLADNRANALNT:,
T ED S - FihiEd & EFA (8= .08, p< .001),
BEHBE B =.11,p < .001), SEHZE B =11,
p<.00) IKHLTHEREDNRAPALNT:, B
HIFCOTEEISBE (8= .12,p< .00), R B
=.05,p<.05), BHEHEE =09 p<.001) i
HLTCTHEBEREDONSANASK, SEABRG = -.13,
p<.001) ICHLTHELAONRZARALN:, R
HEE0S B - HiEISER (B = .13,p < .001)
LEHMEE B=.14,p<.001) CHLTHELRE
DIRANH BRIz,

R, ZRERILOSBREARESR2To 7
EFN | OBEEL, AIC = 144.00, CFI = 1.00 Th o
Too SOEFNVBBHMEFNTHL D, FHEIHEH
kv, BFN2OBEER. £(19) = 2375 (ns),
AIC = 129.75, CFI = 1.00 CHo 2o EF NV 3 OHE
JE IE, A(28) ‘= 349.03 (p < .001), AIC = 437.03,

CFl = 097 Tholo EFLV2LEFNILOER
HETho7: 4 (9)=32528,p< .001)0 LlEE
E»S, EFV2ERALL. FRBEEILONZE
% Table 4 2R T, HEFEDOLS WY - Hohkr o
BRICHTBNAE, MEETRAEETH D @
=.09,p<.001), PRECBHEETII b B=
~-.01, ns)o

FWIDIRTHEFNV RUICHBELETHT%
Tolze HMFED L VREEHFEICL 5 ADHD-RS
DEH4 FTHLRBED S, DSRS-C D2 FTHREICHTS
INZA%ZEL, ADHD-RS ® 4 FHLREEM & DSRS-C
OTHREOHREMIXTBEEET 2BAMEFNVE
BB L7z HR% Table 4 ICRT, BMFEOLREE
PoIEHES LU LADREB (B =.12,p< .001),
Wry>85 B=.09p<.001) SHLTHERED
NRARKRSNIz, Tz, REHEFEOTEEDL SHIED
HBLUELADOHE B =.19,p<.001), {1 O%K
 B=.17,p<.001) IZH LTHBERIED/SANA
Lh, REEFEOZH - GoiEdr omEHES LT
BLADEE B=-12,p<.001) IZHLTHEER
BHDORAPARLRT,

RIT, BHRERT L 0% BBBIRBESTEITo .
EFN 1 OB, AIC = 84,00, CFI = 1.00 THo
720 SOEFNVBBHEFNTH B0, FHIZHH
Ehbv, EFN2OBEEER, £(6) = 441 (ns),
AIC = 7641, CFl = 100 TH o7z EFN3IDBEE
B (15 = 107322 (p < .001), AIC = 358.33,
CFl = 096 Tholo EFN2LEEFILIEDER
HEETHo7 (4r7(9) = 106881, p< .001)o BLED
RIS, EFNV2ERALL, 2REBILONR
FoBk % Table 4 ISR, HEFEDS I - HTEHED
SIEMEE LB LAOHBIINT 2/, Pt
TRABTHo12H B=-11,p<.001), NFELET
BHEETI o7 (B =.01,ns5),

£ =B

BT, BMFE L REEFSICL AP EES
X USH) - HEIHITENER & BB, W0t oME
EOWTREH LA HFBFERIC L AR EREB L USH-
BT HEN L REFFE L Z2REEB LUS
B SEMATHERE E OB, #5 (Power
Doherty, Panichelli-Mindel, Karustis, Eiraldi, Anastopulos,
& DuPaul, 1998) B LU B4 (FH - Kf - &« 5 -
ik, 2011 KB BEATBIREFERC = 3BRET
Hotze BB L UREENTF LDHOTHEMLFEE
TAHEA, BBELTVWARNEIRL2->TWAET L
HFHEEh (BEROHEH, RENRLY), Thilko
THEX—B LB T exFHEHL
%5, ADHD L#DH LN IR ERB L USH) - Sl
TN % S A A IiE, BROBEICH T BT
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Table 3
Pearson correlations among ADHD-RS, HAQ-C, and DSRS-C
HAQ-C DSRS-C
- Physical Verbal De.d.me of Depressive
Hostility Anger aggression aggression activity and mood
enjoyment
Teacher ratings
Inattentive 2%k 16%** B Bl -.01 L3k J2%x
Hyperactive-Impulsive 0g¥** 16%** der* 06*** 0G*** Q7***
Caregiver ratings
Inattentive 16%** 184 16***- 03 3 7%
Hyperactive-Impulsive 13k 20+ 16 05** 05** 12%x*
»*p < .01, ***p < .001
Table 4
The results of path analyses
HAQ-C DSRS-C
. Physical Verbal D?d.mc of Depressive
Hostility Anger ) . activity and
aggression aggression . mood
enjoyment
Teacher ratings
Inattentive 08**+ .09/-.01 .03 -.09 J2%x L09***
Hyperactive-lmpulsive ~ ~.01 .08 R bl e O1/=11%%* - 02%**
Caregiver ratings
Inattentive 2% .05* L09*>e. o K L 19%%x 7R
Hyperactive-Impulsive .02 3% 05 4ree R P -.02
Explained variance .02 .06/.03 06 .03 .04/.03 .03

Note. Path coefficients were estimated on the basis of the total sample. When the differences between elementary and junior high schools are
significant, the path coefficients are shown for elementary/junior high school.

*p < .05,%%p < 01,***p < 001

BN EET 5 S LA IETH S LIRS THD
(Anastopoulos & Shelton, 2001; Barkley, 1998). A%
DE)CHEOWALHATHLHFLETH 2,

TS KUBE - WENTENER & B & DRSS

BREICH LTI, ERHICSAREOMHIZNE
Dol b OO, HHHELRERFEICLIFAEES
LUSE - BT IHRABAE TR IS R LB
Ndhotzo BELEAE, BREORME & BN
FIWATH Y, FRUBHBLLTEEDOAES
LAHsH (R, 2000), RIS L TiE, AT
ELBERFHEOTER L S - HUHEITG 22
SHEBEMAER R L KB REEDEI AT,
FERS L USH - HOHWTHEEZRORTFED
3E, BENLBEELTED, BYBEEEVTY
AEMICHALELOND, 172, BEIIHLTIE
WM R L RUEFENS Y - FOESHELNE
ETRE o e BEHIXHEMOBMKNTE T 5 7
W, HEOHFHOBMBLER 2 L 5% 0 ICHRT
5LV HELEARIERICHELELIDNG, &
Wt - OB S, SOL LFROERICHS
DRL BRI BV Vi), BliERE

LholbntEXOND, FERUERBRIIHLT,
HARMBOR L BROBEIIINCBREE H 6 b TR
BRI S5 (R, 200000 SHAARIBCBRICH L
TH, BMEFEIC S %50k - HUEAIED WM 2R
L, SHEMBERISH LT, HIBIFE L REFFEC
L350k - GHEPEOMEERL L. —F, RE
FHEORERRSBHBELRIEONEZRT O
O, BMHFELREEFEOTERITHOIELR
OREER Lo ZOHRE, S0 - HEHHITEHER
DBWFLHIE, ERICERRILELLD, REE
Holt)$5ILXHHVA, RNEBEHIRTFLED
i, MECH L TERNLRBEZTDRVEEICH S
At k i’iﬁ@LT‘l‘%o

BURMEICHT 2 3B, SmAFE L RBEFEL
ThHENBNRAONED o722, FEFLL-TH
ErBE2RIAEEOWHIRL2823HY, |
FOBRED OFERD XUSH - HFHMTHEHEZR
RBZENDETH L.

TEBSIUSE - GRTEHEGEHS DL DRE

9 2IHL T, WFRABVETIS2 L 00,
O E L RSN EORETINEHSL L U LA
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DEBEAIORASOBWS WAL o BEFHBH VI
REEDEDPLATARER L FLDIEL, EHEL &
URLAOBBYEALIL T, M) ORFEERL
RFVEEZLND, —HT, REFFEOL DM -
Bk, EEHES TR LAORE L ROMERR
L7z 7, BMFFEOZHNE - HEHEIIoWTD,
hEETHGES L PELAORBERANRA LR
oo REBRXPEMOENLATEWHTELFEOLY
Fedial, EHESXTRLADEBYEALGNIZL
WHREHBEEX OGNS, FERE LUSH) - HH)
EATIMER 2R — RO RE - AFEOW D Dk L
BRHEEOMEEEZ S5 A T, TERL SO -
HHEE V) ZOOHWED HIRX 5 EHFLETD
60

F72, BEHICLZ2BWICHLUTIE, 2B0ICHm
FEICEHAEES LUSH) - HFHMHITHHEDLD b
REHFEIC X DNERDS L USH) - HHOTIHER
OFH, W 2R TEHANVRL LT o LA, &
FTLOIKELENALGRI DT TClREh o7z,

FHED S DR

AWRTE, BEHFHEL REFFEIC L BFERS
KU - HHMATIIEI A, FLHORBHELNS
DN LTAHELMWHEZR L TV, Connoret
al. (2010) < Chronis-Tuscano et al. (2010) % &' D%
THRICBNVT, ADHD OBH £ FTITTWBEF LD
CREHOLND, FERS L USH) - HHRTIERE
KBHEB LU oL oWEMy, BEFRICEET
BAMEEICOERSNI-Z LIS, SO LK
Y, ADHD OB NLEWF LI THIAREEBLIUZ
B - HEIGTEEBIAR VT LB ISR HE Lo
VA2 %HATEBY, XBONRE LB THEMEND S
CLERLEEREECDH S, SHICEHETIE &
MFEL REEFEL V) ZHORAPLFERS &
US 0 - SERATIMEN 2 BN IR, ThEho
BAaC L2 BBHLM>>oFHNERHFL, FEHC
Yo THBEEB UM 2L OMEOHFHRE B
BHRHHIIEEFHALPICL FEHICL->THED
HHFBREBEVI AR, chITHIoRIENRT
XTHLT, TEES LUSY - HUHTHEMHR
WHELEREBRT A L TH A RRAERELTWSE
wz k9,

S ORE

SHOBEELTR, KOZHABBITOAS, —D
Hi, RETHLMPEEE2RETI L ChH B KR
T, BEWET— 7 2 HWT, B LEEEREIC
XHEFREEBLUSD - HHPTHERE F b 0H
CHEICIAAI >PHBRELOMERRH L. &
WMREOEREZ I VHMIEFTIADICE, H2BET

BECREE D OALTERD L UL H) - HHHTH
fFHpL | ERPRERORRSIRGE (EH WH-o
RE) LOMUEREHT A ENUETH S,
ZoHE, HEFELREEFECAERBLIUE
o - SFEHRFTENEM & SR, W9 o L ORNEEIE
WHIELB AN XA EWONIITEILETH D, K
RCit, BWREE L REEFEL CHETARER
WHOBEICETOROEARA LGN, BWFEIZLS
ADHD-RS H R HFEIZ L 5 ADHD-RS b, RW&
L EFEEEMALRETSH S (DuPaul et al,
1998), HMiFFEE L RBEBAFEOBWIELZHAL
LTk, EBRICTFEOPEHRERETRE HITHIFH
ERLTVWAUREMEE, AL REEH MR CITHIC>
WTRLZERTHEEL TV ET RO oW EZS
Nb, FERICBWTIER, ZURLFETEENIETIERT
CERLAILTWRFELTY, RECREDLEH
RREBEZRLRTL LS00 Lt H B0,
BB EERRADO L CHAMICTFEDERI TS
—HC BRBBIEHFOFELDREATVDDIC,
FBISTASELTWAIRER D E L b D, #MT
EFELBREEFEORNPEDEHITELTWSLDN,
ZLTERLOBOHSBIRERI S o L OMEEIC Y
DEICHEBLTHEONICOWT, &) EICRE
LT ZLHUETH B,
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Microglial Activation in Young Adults
With Autism Spectrum Disorder
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Context: A growing body of evidence suggests that ab-
errant immunologic systems underlie the pathophysi-
ologic characteristics of autism spectrum disorder (ASD).
However, to our knowledge, no information is available
on the patterns of distribution of microglial activation
in the brain in ASD.

Objectives: To identify brain regions associated with
excessively activated microglia in the whole brain, and
to examine similarities in the pattern of distribution of
activated microglia in subjects with ASD and control
subjects. '

Design: Case-control study using positron emission Lo-
mography and a radiotracer for microglia—|["'C](R)-(1-
[2-chrorophynyl]-N-methyl-N-[1-methylpropyl]-3 iso-
quinoline carboxamide) ([''C](R)-PK11195).

Setting: Subjects recruited from the community.

Participants: Twenty men with ASD (age range, 18-31
years; mean [SD} 1Q, 95.9 [16.7]) and 20 age- and 1Q-
matched healthy men as controls. Diagnosis of ASD was
made in accordance with the Autism Diagnostic Obser-
vation Schedule and the Autism Diagnostic Interview—
Revised.

Main Outcome Measures: Regional brain ["'C](R)-
PK11195 binding potential as a representative measure
of microglial activation.

Results: The [''C](R)-PK11195 binding potential val-
ues were significantly higher in multiple brain regions in
young adults with ASD compared with those of controls
(P<.05, corrected). Brain regions with increased binding
potentials included the cerebellum, midbrain, pons, fusi-
form gyri, and the anterior cingulate and orbitofrontal cor-
tices. The most prominent increase was observed in the
cerebellum. The pattern of distribution of [''C](R)-
PK11195 binding potential values in these brain regions
of ASD and control subjects was similar, whereas the mag-
nitude of the ["'C](R)-PK11195 binding potential in the
ASD group was greater than that of controls in all regions.

Conclusions: Our results indicate excessive microglial
activation in multiple brain regions in young adult sub-
jects with ASD. The similar distribution pattern of re-
gional microglial activity in the ASD and control groups
may indicate augmented but not altered microglial acti-
vation in the brain in the subjects with ASD.

JAMA Psychiatry. 2013;70(1):49-58.
Published online November 26, 2012.
doi:10.1001/jamapsychiatiy.2013.272

UTISM SPECTRUM DISORDER
(ASD) is a group of neu-
! rodevelopmental disor-
ders characterized by per-

research®® suggests that immune abnor-
malities are a contributing factor to the
development of ASD. Several genetic
studies link ASD with genes that are asso-
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wiloaded From: http://archpsyc.jamanetwork.com/ on 05/14/2014

vasive abnormalities in
social interaction and communication
and by repetitive and restricted behav-
ioral patterns and interests. Autism spec-
trum disorders include autistic disorder,
Asperger disorder, and pervasive devel-
opmental disorder not otherwise speci-
fied.! Recent population-based surveys>?
showing that ASD is more common than
previously believed have aroused serious
public concern worldwide. Although the
neurobiologic basis for ASD remains
poorly understood, a growing body of

ciated with various immune functions,

For editorial comment
see page 9

including the HLA antigen® and the
major histocompatibility complex class
111 molecule, such as complement C4B.”®
Systemic abnormalities of the immune
system have been one of the most com-
mon and long-standing reported findings
in subjects with ASD.*!'? Notably,
increased production of cytokines (eg,
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Table 1. Demographic Characteristics of the Subjects*
; Mean (SD) [Range]
i Contro! ASD
Variable " (n=20) {n=20)
Age, y® 22.‘6 (5.3) [17.8-35.5]  23.3(4.0) [18.6-31.9)
WAIS-Il full 1Q° 102.8 (12.5) [81.0-131.0] 95.9 (16.7) [81.0-140.0]
ADI-R :
Social I A 206 (5.1) [10.0-29.0}
Communication | NA 15.2 (4.4) [8.0-24.0)
Stereotype : NA 4.3(2.2) [3.0-10.0}
ADOS l
Social | NA 6.4 (3.0) [4.0-11.0]
Communication ; NA 6.2 (2.7) [2.0-13.0}
Stereotype | NA 1.0(0.9) [0-3.0)
Faux Pas Test i NA 21.2 (8.6) [3.0-34.0)
Y-B0CS NA 11.0 (6.4) [0-28.0]
DCDQ-J total { NA 60.4 (12.0) [42.0-73.0]

Abbreviations: ADI-R, Autism Diagnostic Interview—Revised; ADOS, Autism
Diagnostic Observation Schedute; ASD, autism spectrum disorder; DCDQ-J,
Japanese version of the Developmental Coordination Disorder Questionnaire;
NA, not applicable; WAIS-IIl, Wechsler Adult Intelligence Scale, third edition;
Y-BOCS, Yale-Brown Obsessive Compulsive Scale.

All subjects were men.

8P= 63.

¢P= 15.

interleukin 6 [IL-6], tumor necrosis factor, and macro-
phage chemoattractant protein-1) has been observed in
peripheral samples and the brains of ASD subjects.'"'® In
general, plasma cytokine levels in ASD subjects are
widely distributed and show substantial overlap with
control subjects, implying that there is a subset of ASD
subjects with high levels of such cytokines. In addition,
several studies'’?® have identified specific antibodies
against human brain epitopes in the serum of mothers of
children with ASD, as well as in children with ASD,

although autoantibodies are found in only 10% to 15%
of the children with ASD. These findings argue in favor
of the participation of the immune system in the patho-
genesis of a subset of ASD subjects.

Microglia are resident brain cells that sense patho-
logic tissue alterations.?"* The first microglial precur-
sors colonize the brain during the embryonic and fetal
phases of development.??* They develop into brain mac-
rophages and perform immune functions. Upon expo-
sure of the brain to any form of insult, such as infection,
trauma, or ischemia, the microglia are rapidly activated.
When activated, microglia produce neurotoxic sub-
stances, including proinflammatory cytokines (ie, tu-
mor necrosis factor and IL-18) and oxygen species (ie,
hydrogen peroxide and superoxide). However, under cer-
tain conditions, activated microglia can produce anti-
inflammatory cytokines such as IL-10 and transforming
growth factor-B, which have neuroprotective effects in
experimental animal models of traumatic injury and
stroke.?? Furthermore, experimental studies?”? have
demonstrated that microglia play a role in the mainte-
nance of synaptic integrity in the uninjured brain.

Recently, Vargas and colleagues' determined the mag-
nitude of neuroglial and inflammatory reactions and their
cytokine expression profiles in brain tissues from the cer-
ebellum, midfrontal, and cingulate gyrus obtained at au-

topsy [rom children and adults with ASD. Immunocy-
tochemical examination revealed marked activation of
microglia and astroglia. Microglial responses were dif-
fusely distributed in the cortex and subcortical areas, as
well as the cerebellum, and were present as microglial
nodules or as part of a prominent accumulation of peri-
vascular macrophages. More recently, Morgan and col-
leagues®” quantitatively assessed activated microglia in
the dorsolateral prefrontal cortex of postmortem brains
from children and adults with ASD. They found that the
microglia were markedly or marginally activated in most
cases examined. Transcriptomic analysis of the autistic
brain by Voineagu and colleagues®® has shown the pres-
ence of 2 modules in the ASD brain: a neuronal module
enriched for known autism susceptibility genes, includ-
ing neuronal-specific factors, such as ataxin 2-binding
protein 1, and a module enriched for immune genes and
glial markers. The latter immune-glial module has a less
pronounced genetic component and thus is most likely
either a secondary phenomenon or the result of environ-
mental factors. Despite the striking features of microg-
lial activation in the pathogenesis of ASD, to our knowl-
edge, there is no information on the patterns and
characteristics of the distribution of microglial activa-
tion in the whole brain in ASD subjects.

To address this issue, we conducted a positron emis-
sion tomography (PET) analysis using the radiocarbon
([''C])-labeled (R)-(1-[2-chrorophynyl]-N-methyl-N-
[1-methylpropyl]-3 isoquinoline carboxamide) ([''C]
(R)-PK11195), a radiotracer that specifically binds to ac-
tivated microglia.>’3* This procedure permitted us to
visualize the activated microglia in vivo in the whole brain.
In this study, we initially determined the distribution of
["'C](R)-PK11195 binding potential (BP) in the whole
brain of young adults with ASD and then identified sev-
eral brain regions associated with the activation of mi-
croglia. Subsequently, we compared the levels of [''C]
(R)-PK11195 BP in the identified brain regions. Because
microglia may be prenatal in origin,”>* and because ASD
is typically diagnosed by 3 years of age, we hypoth-
esized that the regional variability of the [''C](R)-
PK11195 BP in the identified brain regions is similar be-
tween ASD and control subjects, whereas the magnitude
of [""CJ(R)-PK11195BP in ASD subjects is greater than
that of controls in all the regions. To test this hypoth-
esis, we carefully recruited subjects with no history of
epilepsy or medication because epileptic seizures and psy-
chotropic drugs can influence the condition of microg-
lial activation.’*¥

—— G

SUBJECTS

The ethics committees of the Hamamatsu University School of
Medicine approved this study. Written informed consent was
obtained from all subjects and their guardians after they had
been provided a detailed explanation of the study procedures.
Twenty men with ASD and 20 age- and 1Q-matched typically
developing male subjects participated in this study (Fable 1).
All subjects were right-handed and had an 1Q of greater than
80. None of the subjects were tobacco smokers, and none were
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taking any medication, including psychotropic drugs. All of them
were physically healthy. At the time of scanning, all the sub-
jects had no symptoms of inflammation and were not under
stressful conditions. All the subjects with ASD were diag-
nosed by 2 trained child psychiatrists (K.N. and T.S.) accord-
ing to the DSM-IV-TR.! The ASD diagnosis was confirmed for
all cases using the Autism Diagnostic Interview—Revised
(ADI-R)*® and the Autism Diagnostic Observation Schedule
{ADOS)* module-4 byitrained clinicians (K.J.T. and K.M., re-
spectively). As a result, 15 of 20 ASD subjects were diagnosed
as having autistic disorder and the remaining 5 were consid-
ered to have pervasive developmental disorder not otherwise
specified on the basis of the ADOS scores, although all 20 sub-
jects met the ADI-R criteria for autistic disorder. None of the
ASD subjects was classified as having regressive autism, the clas-
sification of which was based on clinical characteristics using
both parental reporting and answers to questions on the ADI-R
regarding language loss (question 11) and social skills (ques-
tion 25). The ASD subjects did not have any other psychiatric
comorbidity disorders, as confirmed by the Structured Clini-
cal Interview for DSM-IV Axis 1 disorders.* In addition, they
had no notable dysmorphism, neurocutaneous abnormalities,
significant neurologic delicits, history of epileptic seizures, or
disorders known to be associated with autism, such as fragile
X syndrome, neurofibromatosis, or tuberous sclerosis. Fragile
X syndrome was excluded by determining the CGG repeat num-
ber in the FMRI gene. We measured the markers of inflamma-
tion in the blood in the ASD subjects, including the serum C-
reactive protein and white blood cell count. Both levels in all
the ASD subjects were within normal range. None of the ASD
subjects had any history of inflammatory or allergic diseases,
except 2 subjects who had had atopic dermatitis in their child-
hood. One of the ASD subjects had a family history of major
depression (his mother)! In the remaining 19 subjects, there
was no family history of any chronic inflammatory diseases or
neuropsychiatric conditions. In the ASD subjects, the social cog-
nitive disability and the degree of repetitive and/or obsessive
behavior and interests were evaluated by the Faux Pas Test*!
and Yale-Brown Obsessive Compulsive Scale,** respectively.
Current motor coordination problems were assessed by the Japa-
nese version of the Developmental Coordination Disorder Ques-
tionnaire.* All control subjects were found to be mentally and
physically healthy on the basis of comprehensive assessments
of their medical histories and neuropsychiatric examinations.

MAGNETIC RESONANCE IMAGING
AND PET PROCEDURES

As described previously,>** we obtained 3-dimensional mag-
nelic resonance images (MRIs) just before PET measurements
using a 0.3-T MRI unit (MRP7000AD; Hitachi Medical) and a
high-resolution brain PET scanner having an intrinsic resolu-
tion0f2.9 X 2.9 X 3.4 mm at full-width at half maximum and
a 163-mm axial field of view, and yielding 47 PET images si-
multaneously (SHR 12000; Hamamatsu Photonics), respec-
tively. All MRI and PET scans were set parallel to the anterior-
posterior intercommissural line.* Before dynamic PET scanning,
a 20-minute transmission scan was performed for attenuation
correction using a %Ge/®Ga source. Then, after a bolus intra-
venous injection of a 350-MBq dose of [''C](R)-PK11195, we
performed 32 serial PET scans (time frames: 4 X 30 second,
20 X 60second,and 8 X 300 second) for 62 minutes. In quan-
titative PET brain imaging, the motion artifact is the important
degrading factor. Therefore, we fixed the head of each subject
by using a thermoplastic face mask, observed subjects care-
fully during each scan, and'confirmed that all the subjects had
remained immobilized.

IMAGE ANALYSIS AND KINETIC MODELING

The brain, particularly in cortical subregions, is known to be sen-
sitive to a partial volume effect that sometimes occurs during the
measurement of small brain structures and that leads to an un-
derestimation of tracer activity. In this study, we used the fol-
lowing previously described procedure to minimize the contri-
bution of the partial volume effect.33** First, we adjusted the MRI
voxel size to the PET voxel size 3-dimensionally using image-
processing software (DrView; Asahi Kasei) on a Sun workstation
(HyperSPARC ss-20; Sun Microsystems). Then, these reformat-
ted MRIs with 3-dimensional scales and coordinates identical to
those of the PET images were used as anatomic landmarks for
the regions of interest (ROIs) setting, Subsequently, by referring
toareas on the MRIs as anatomical landmarks, the ROls were care-
fully drawn 10 avoid the involvement of either the sulci or ven-
tricles. An investigator masked to the subject’s condition placed
3 ROIs over the bilateral cerebellar cortices, midbrain, and bilat-
eral thalami on the MRIs. These ROIs were then transferred onto
the corresponding dynamic [''C](R)-PK11195 images.

To assess activated microglial density in the brain, we ana-
lyzed the ["'C](R)-PK11195 time-activity curves (TACs) on the
basis of a simplified reference tissue model’** because the re-
gional brain ["'C](R)-PK11195 BP (a ratio of binding and dis-
sociation rate constants, ly/k,) estimated by the simplified ref-
erence tissue model is reported to correlate with the magnitude
of microglial activity.*>* Because the decrease of TACs was
sharpest in the cerebellar RO1 among the 3 ROIs examined in
the control group, we assumed that the specific binding would
be the least in this region. A normalized input curve was first
created by averaging the TACs from the ROIls placed over the
bilateral cerebellar cortices in the control group. Then, the nor-
malized mean input curve was used as the reference input func-
tion of the simplified reference tissue model in the ASD and
control subjects because a desirable reference region free from
specific binding was not evident in the ASD subjects.

Using biomedical imaging software (PMOD, version 3.0;
PMOD Technologies), we constructed whole-brain paramet-
ric maps of the [""C}{R)-PK11195 BP for the subsequent voxel-
based analysis using Statistical Parametric Mapping sofiware
(SPMS5; http://www.fil.ion.ucl.ac.uk/spm). The [''C](R)-
PK11195 BP maps were normalized to the Montreal Neuro-
logical Institute space, as defined by the MRI T1 template imple-
mented in SPM5. The extracerebral structures were then masked
by demarcating cerebral regions on spatially normalized MRIs.
Finally, the normalized and masked BP maps were smoothed
with an 8-mm full-width at half maximum gaussian filter.

In addition to the voxel-based analysis, which is suitable for
an exploratory examination of altered tracer distribution in the
brain, we performed a volume of interest (VOI)-based analy-
sis because it enabled us to generate quantitative differences
in ['CJ(R)-PK11195 BP in specific regions. For this purpose,
we placed additional spherical VOis of 5-mm radius, which cen-
tered on the peak voxel derived from the results of the voxel-
based analysis, on ["'C](R)-PK11195 BP maps for each of the
subjects. The VOIs selected were the bilateral cerebellum, brain-
stem, splenium of the corpus callosum, bilateral fusiform gyri,
bilateral superior temporal gyri, and the bilateral anterior cin-
gulate, bilateral orbitofrontal, left midfrontal, and right pari-
etal cortices. Averaged ["'C](R)-PK11195 BP values for each
VOI were obtained in the ASD and control groups.

VOXEL-BASED MORPHOMETRY

To investigate possible differences in brain structure between the
ASD and control groups, we conducted voxel-based morphom-
etry. For this purpose, we used a 3-T MRI scanner (Signa Excite;
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General Electric Medical Systems) to obtain T1-weighted volu-
metric images scanned by the inversion recovery-prepared fast
spoiled gradient recalled acquisition protocol as follows: rep-
etition time = 11.0 milliseconds, echo time = 5.0 milliseconds,
preparation time = 450 milliseconds, flip angle 20°, number of
excitations = 1, field of view = 24.0 cm, matrix = 256 X 256,
auto-zero-fill interpolation = 512, location per slab = 160, slice
thickness = 1.2 mm, and voxel size = 0.94 X 0.94 X 1.2 mm.
The T1-weighted volumetric images were analyzed using the
VBMS.1 toolbox (hup://www.fil ion.uclac.uk/spm/ext/) imple-
mented in SPM5 with the default parameters. Estimates of the
absolute gray matter (GM), white matter (WM), and cerebrospi-
nal fluid (CSF) volumes were obtained after the automatic brain
segmentation procedure had been carried out by. VBM5.1. The
total intracranial volume was calculated as the sum of the vol-
umes of the GM, WM, and CSF.

STATISTICAL ANALYSIS

The demographic and clinical variables of the ASD and con-
trol groups were compared by the unpaired ¢ test using statis-
tical software (PASW Statistics version 18; SPSS Japan Inc). The
level of statistical significance was set at P < .05.

The voxel-based analyses of the [''C](R)-PK11195 BP maps
were conducted using SPM5. For the SPM35 analysis of the {''C]
(R)-PK11195 BP maps, between-group comparisons were per-
formed to explore regional differences in the [''C](R)-
PK11195 BP using the  test for each voxel without a proportional
scaling of the [''C]{R)-PK11195 BP maps. We also performed
exploratory correlation analyses between the regional changes
in [''C](R)-PK11195 BP values and the severity of clinical fea-
tures in ASD subjects using SPM5. The scores on the ADOS,
ADI-R, Faux Pas Test, Yale-Brown Obsessive Compulsive Scale,
and the Japanese version of the Developmental Coordination
Disorder Questionnaire were variables of interest. To test hy-
potheses about the region~speciﬁc effects of these variables, the
estimates were compared using 2 linear contrasts (positive or
negative correlation). In the SPMS5 analyses, values of P < .05
were stausucally significant after adjustment for the false dis-
covery rate in the whole-brain multiple comparisons.

In the VOI-based analyses, we tested the main effect of the
diagnosis of ASD on [''C[(R)-PK11195 BP values derived from
13 brain regions using 2-way analysis of variance, in which sta-
tistical significance was set at P < .05. For comparisons of clini-
cal variables between subgroups of ASD subjects, a Mann-
Whitney test was performed.

To assess the differences in segmented brain volumes be-
tween groups in the voxel-based morphometry analysis, we con-
ducted a multivariate analysis of covariance using PASW soft-
ware with group (ASD and control) as a between-subject factor,

- segmented brain regional absolute volume (GM, WM, and CSF)
as a within-subject factor, and intracranial volume as a covar-
iate. The statistical significance level was set at P < .05. Sec-
ond, for the GM analysis, the normalized, modulated, and
smoothed GM image segments in each group were entered into
avoxel-wise 2-sample ¢ test analysis in SPM5. An absolute thresh-
old mask of 0.30 was used to avoid possible edge effects around
the border between GM and WM. The statistical threshold was
setat P < .05 alter the false discovery rate correction. Data were
presented as mean (SD).

Characteristics of all the subjects are summarized in

Table 1. There was no significant difference in age or IQ
between the 2 groups.

COMPARISON OF [''C](R)-PK11195 BP
BETWEEN ASD SUBJECTS AND CONTROLS

The tissue TACs of [''C](R)-PK11195 are shown in
Figure 1A. After the administration of [''C](R)-
PK11195, the radioactivity in 3 ROIs over the cerebel-
lum, midbrain, and thalamus of a representative control
subject decreased with time. The TACs in an ASD sub-
ject decreased less sharply than those in the control sub-
ject, indicating a time-course accumulation of [''C](R)-
PK11195 in the respective brain structures. Figure 1B
shows MRI-PET fusion parametric images of [''C](R)-
PK11195 BP in the representative control and ASD sub-
jects. A marked increase in [''C](R)-PK11195 binding
was observed across widespread areas of the brain of the
representative ASD subject.

In the voxel-based analysis, we found greater ["'C]
(R)-PK11195 BP in multiple brain regions in the ASD
group than in the control group; the brain regions with
increased ['"C](R)-PK11195 BP included the cerebel-
lum, brainstem (midbrain and pons), subcortical region
(corpus callosum), limbic region (anterior cingulate cor-
tex), and the {rontal, temporal, and parietal regions
(Table 2 and Figure 2). Among the brain regions, the
left cerebellum showed the most prominent z score. There
were no voxels in which controls had a significantly higher
["'C](R)-PK11195 BP compared with that of the ASD
group. In the ASD group, there was no significant dif-
ference in [''C](R)-PK11195 BP between the 2 diagno-
ses—that is, autistic disorder (n = 15) or pervasive de-
velopmental disorder not otherwise specified (n = 5).

On the basis of the results of the voxel-based analy-
sis, we then conducted VOI-based analysis. We placed
14 spherical VOIs of 5-mm radius, which centered on the
peak voxels listed in Table 2. In accordance with the find-
ings derived from the voxel-based analysis, the [''C](R)-
PK11195 BP was significantly higher in ASD subjects than
in control subjects throughout all VOIs (Figure 3;
Fi353 = 17.62, P < .001). As shown in Figure 3, the mean
["'C](R)-PK11195 BP was highest in the brainstem, fol-
lowed by the left cerebellum, right orbitofrontal cortex,
right anterior cingulate cortex, and other regions in the
control group. The corresponding rank order was essen-
tially the same in the ASD group. Thus, the pattern of dis-
tribution of ["'C](R)-PK11195 BP values throughout the
VOI was quite similar between the 2 groups. Figure 4
shows a scatterplot of {''C](R)-PK11195 BP from the 4
VOIs (the left cerebellum, midbrain, right orbitofrontal
cortex, and right anterior cingulate cortex) in the ASD
and control groups. Although the overall average level
of {"'CJ(R)-PK11195 BP was higher in the ASD group than
in the control group, the BPs of some ASD subjects over-
lapped those of the controls in the 4 VOls.

CORRELATION BETWEEN [!'C](R)-PK11195 BP
AND SYMPTOMS IN ASD

Relationships between the regional changes in [''C](R)-
PK11195 BP values and the clinical features of ASD sub-
jects were evaluated by voxel-based exploratory corre-
lation analyses using SPM5. There was no voxel for which
significant correlations were observed between ''"CI(R)-
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Figure 1. Results of positron emission tomography image analyses in a healthy contro) subject and a subject with-autism. A, Scattergrams showing the
time-activity curves of radlocamon ("'C)-labeled (R)-(1-[2~chrorophynyl]-N-methyl-N-[1-methylpropy!]-3 isoquinoline carboxamide) ([V'C}(R)-PK11195) for
regions of interest in the cerebellum, midbrain, and thalamus in a subject with autism spectrum disorder (ASD) and & control subject, B, Magnetic resonance
nmagmg-posnmﬂ emission mmography fusion parametric images of ["'C}{R)-PK11195 binding potential in a subject with ASD and a control subject. The left brain
is shown on the right. The color bar indicates a level of binding polential.

PK11195 BP and the sccéres on the Faux Pas Test, Yale- In the VOI-based analysis, we also conducted corre-
Brown Obsessive Compulsive Scale, ADI-R, ADOS, or the lation analyses between [''C](R)-PK11195 BP in each VOI
Japanese version of the Developmental Coordination Dis- and clinical valuables, and we found no significant cor-
order Questionnaire after the correction of whole-brain relations. We divided the ASD group into 2 subgroups,
multiple comparisons (data not shown). a High-BP and Not-High-BP group, on the basis of the
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Table 2. Results of the Whole-Brain Voxel-Based Statistical Paramelric Mapping Analyses of [V'C](R)-PK11195 Binding Potential:
lncrease in Binding in the Subjects With ASD?
Coordinates Voxel Level
Brain Regions X ¥ z Corrected P Value Z Score
Cerebellum
Left fobuli 7, 8, and 9 -10 ~58 -38 .03 4,82
Right lobuli 7 and 8 32 -76 -48 .04 3.77
Brainstem (midbrain and pons) 10 -38 -42 03 4.56
Frontal region
Left middle frontal gyrus, BA10, BA46 -44 50 12 .03 3.89
Left orbitofrontal cortex, BA11 -8 48 -4 .03 3.93
Right orbitofrontal cortex, BA47 14 30 -16 03 4.32
Temporal region
Left superior temporal gyrus, BA22 ~52 -28 4 .03 3.67
Right superior tempora§gyrus, BA22 50 -20 -b .03 4,22
Left fusiform gyrus, BA37 -48 -60 -14 .03 4.16
Right fusiform gyrus, B 37 38 -58 -16 .03 4.30
Parietal region : ‘ i
Right parietal cortex, BA40 - 28 -48 54 .03 3.70
Limbic region. :
 Left anterior cmgulate cortex BA32 . \ -6 38 18 .03 412
Right anterior cingulate C(mex BA32 18 10 46 .04 3.47
Subcomcal region
Corpus callosum -2 -26 16 .03 4.11

Abbreviations: ASD, autism spectrum disorder; BA, Brodmann area; [C](R)-PK11195, radxoacllva carbon-| abe!ed (H) (1- [2—chrorophynyl}~N-
methyl-N-[1-methylpropyl]-3 isoquinoline carboxamide).

AThe mgmhcance thresholds at the voxel cluster levels were P < .05 after false discovery rate correction for multiple comparisons across the whole brain.
Coordinates are given in millimeters based on the Montreal Neurological Institute brain template. Each location is a peak within a cluster (defined as the voxel
with hlgnest zscore).

Gorpus callosum _ Anterior cingulate cortex Fusiform gyrus

Cerebellum Brainstem Orbitofrontal cortex Cerebelium Midbrain QOrbitofrontal cortex

Figure 2. Resulls of the whole- bram voxe! based statistical parametric mapping analysis of the ["'CJ(R)-PK11195 binding potentials. Locationsnof clusteré
with significant increases in the group with autism spectrum disorder compared with the control group (P < .05, false discovery rate corrected) are shown
on glass brain images and supen’mposed onto normal-template magnetic resonance images. L indicates left; and R, right.

["'CI(R)-PK11195 BPs in 4 VOIs respcctively located in tex, and right anterior cingulate cortex, In the VOl at the
the left cerebellum, midbrain, right orbitofrontal cor- left cerebellum, 12 ASD subjects had BPs that were more
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Figure 3. Regional brain ['"C]{R)-PK11195 binding potential in the autism spectrum disorder (ASD) and control group. Subjects with ASD had significantly higher
["'C}(R)-PK11195 binding potentials than those of controls {F, s = 24.59, P < .001). Error bars represent the SEM. Cx indicates cortex; Gy, gyrus; L, left; and R,

right.
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Figure 4. Scatterplot of regional ["'C](A)-PK11195 binding potential in the
autism spectrum disorder (ASD) and control groups in 4 spherical volumes
of interest placed over the left cerebeilum, midbrain, right orbitofrontal
cortex, and right anterior cingulate cortex.

than 2 SDs higher than the mean BP of controls. The num-
ber of ASD subjects who had BPs that were more than 2
SDs higher than the mean value of the controls was 6 for
the VOI in the midbrain, 10 for the VOI in the right or-
bitofrontal cortex, and 8 for the VOI in the right ante-
rior cingulate cortex. Subjects with ASD who exhibited
high BPs in at least 3 of the 4 VOIs were classified into a
High-BP group (n = 7), and the remaining subjects were
classified into a Not-High-BP group (n = 13). When clini-
cal variables were compared between the High-BP and
Not-High-BP groups, statistically significant differences
were observed for the social scores of the ADI-R (U = 19.0,
P = .04) and the ADOS (U = 13.0, P = .01) (Figure 5),
suggesting that social disabilities might be more severe
in the High-BP group.
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Figura 5. Comparison of social domain scores from Autism Diagnostic
Interview-Revised (ADI-R} (A) and Autism Diagnostic Observation Schedule
(ADOS) (B) between the High-Binding Potential (BP) and Not-High-8P
:l;’bgroups in subjects with autism spectrum disorder. *P= .03 and

COMPARISON OF REGIONAL VOLUME
BETWEEN ASD SUBJECTS AND CONTROLS

The absolute volumes of the segmented brain regions were
estimated in the control and ASD groups (GM:
676.3 [50.3] vs 705.8 [78.2] [control vs ASD]; WM:
421.7 [42.3] vs 439.7 [48.4]; CSF: 405.1 [47.1] vs
426.0 [50.2]; and intracranial volume: 1503.1 [123.7] vs
1571.5 [161.7]). The multivariate analysis of covari-
ance revealed no significant differences in volume be-
tween the 2 groups (GM: F,3; = 0.006, P = .94; WM:
F;_37 = 0209, P= 65; CSF: F|'37 = 0.036, P= 85). A voxel-
wise 2-sample ¢ test analysis of normalized and smoothed
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