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Neurophysiological study of auditory processing of children with autism spectrum
disorders
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We investigated acoustic startle response (ASR), and acoustic information
processing by electroencephalogram and magnetoencephalography in children with and without autism
spectrum disorders (ASD). Compared to controls, children with ASD revealed significantly larger startle
magnitude to weak stimuli and more prolonged peak startle latency. Significant negative association was
found between duration-deviant Mismatch negativity current density of right inferior frontal gyrus and
total score of Social Responsive Scale. Increased gamma oscillation power dominant around right auditory
cortex was_only found in non-ASD children with low autistic traits. Our results suggest that
comprehensive investigation of ASR and neurophysiological index using simple acoustic stimuli might
increase understanding of atypical acoustic information processing underlying ASD.



(Autism Spectrum
Disorders: ASD) 3

ASD

ASD

(Acoustic Startle

Reflex: ASR) Mismatch
Negativity (MVMN)
ASR
(prepulse
inhibition: PPI)
ASD
ASD
(Typical Development: TD)
PPI1
ASD D PPI
ASR
ASD D
ASD ASR
PPI
ASD
ASD
PPI
ASR
ASD
ASD  MMN

ASD

MMN
ASD

ASD

ASD i)
ASR MMN

ASD

ASD 20 non ASD 45
ASR
ASR
ASR
PPI ASR

MMN
ASD11
non ASD23 2
10 ASD8 non
ASD22
MMN

SRS

SDQ

ASR ASD
ASR
ASR ASR

non ASD

(Takahashi et al., Molecular
Autism, 2014) ASD ASR
PPI
SDQ PPI

MMN

ASD non
ASD non ASD



ASD

ASD

B nonASD @ ASD

100 60 60
ok

80

&
&
B
8

60

40

Habituation (%)

N
x PPI (%)

20

Peak Startle Latency (msec)

0 0
PPI 65 PPI 70 PPI 75

Basic profile of Acoustic Startle
Response (Mann-Whitney U test; **, p<0.01)

| X Control @ ASD

rho=-.396* rho=-.415* rho=-.418*

o
x
3

x

-
&
x
x
we
o x
x
x

Habituation (% )
o 3
Y
x
. x
.
Habituation (% )
o 38
X xm, Moww
x x
.
xx & -
x
x
. .
PPI70 (%)
Bl
« x
x
x
x x
.

’;.
>,

x
%

20 x 20

20 40 6 80 100 0 s 10

8

Social Motivation Emotional Symptoms
of Social Responsive Scale score of Strengths and
(T-score) Difficulties Questionnaire

Basic profile of Acoustic Startle
Response (Spearman’ s rank  order
correlations; *, p<0.05; **, p<0.01)

Emotional Symptoms
score of Strengths and
Difficulties Questionnaire

S el e K TR I s A
SR | STgm 3 I

0 /\

e : o B tacse o s

Relation of duration MMN sources
to SRS total score

ASD non-ASD non-ASD
High SRS Low SRS

Time-frequency analysis (2D

topography of power
representative examples

spectrum):

27

1) Takahashi H, Nakahachi T, Komatsu S, Ogino K, lida
Y, Kamio Y. Hyperreactivity to weak acoustic stimuli
and prolonged acoustic startle latency in children
with autism spectrum disorders. Molecular Autism
2014; 5:23 doi:10.1186/2040-2392-5-23

2) Matsuo J, Kamio Y, Takahashi H, Ota M, Teraishi
T, Hori H, Nagashima A, Kinoshita Y, Ishida 1,
Hiraishi M, Takei R, Higuchi T, Motohashi N, Kunugi
H . Autistic-like traits in adult patients with mood
disorders and schizophrenia. PLOS ONE, in press.

3) Takei R, Matsuo J, Takahashi H, Uchiyama T, Kunugi
H, Kamio Y. Verification of the utility of the Social
Responsiveness Scale for Adults in non-clinical and
clinical adult populations in Japan. BMC Psychiatry
14:302. 20141118

4) Ishii R, Canuet L, Ishihara T, Aoki Y, lkeda S,
Hata M, Katsimichas T, Gunji A, Takahashi H,
Nakahachi T, Iwase M, Takeda M. Frontal midline theta
rhythm and gamma power changes during focused
attention on mental calculation: an MEG beamformer
analysis. Front Hum Neurosci 8:406, 2014.

5) Takahashi H, Rissling AJ, Pascual-Marqui R,
Kirihara K, Pela M, Sprock J, Braff DL, Light GA.
Neural substrates of normal and impaired
preattentive sensory discrimination in large cohorts
of nonpsychiatric subjects and schizophrenia
patients as indexed by MMN and P3a change detection
responses. Neurolmage 2013; 66: 594-603.

6) Ishii R, Canuet L, Aoki Y, lkeda S, Hata M,
Takahashi H, Nakahachi T, Gunji A, lwase M, Takeda
M. Frequency diversity of posterior oscillatory
activity in human revealed by spatial filtered MEG.
J Integr Neurosci. 2013 Sep;12(3):343-53.

7) Ohi K, Hashimoto R, Yasuda Y, Fukumoto M, Nemoto
K, Ohnishi T, Yamamori H, Takahashi H, like N, Kamino
K, Yoshida T, Azechi M, Ikezawa K, Tanimukai H, Tagami
S, Morihara T, Okochi M, Tanaka T, Kudo T, lwase M,
Kazui H, Takeda M. The AKT1 gene is associated with
attention and brain morphology in schizophrenia.
World J Biol Psychiatry. 2013 Mar;14(2):100-13.

8) Takahashi H, lwase M, Yasuda Y, Ohi K, Fukumoto
M, like N, Yamamori H, Nakahachi T, lkezawa K, Azechi
M, Canuet L, Ishii R, Kazui H, Hashimoto R, Takeda
M. Relationship of prepulse
temperament and character in healthy Japanese
subjects. Neurosci Res. 72(2):187-93. 2012.

9) Kurimoto R, Ishii R, Canuet L, lkezawa K, lwase
M, Azechi M, Aoki Y, lkeda S, Yoshida T, Takahashi
H, Nakahachi T, Kazui H, Takeda M. Induced
oscillatory responses during the Sternberg®s visual
memory task in patients with Alzheimer®s disease and

inhibition to

mild cognitive impairment. Neuroimage.
59(4):4132-40. 2012.
10)
44(1), 37-43, 2015.
11) , ) )
26(1), 33-37, 2015.

12) s .

. 27: 27-33, 2014.
13) , , s

81(4), 375 - 380, 2014.

14) . . Clinical
Neuroscience 31(8): 922-923, 2013.
15)

24(4): 229-234, 2013.



16) , )
52: 157-174, 2013.
17) , ,

68(9 ) 2080-2087, 2013.

18) , s s )
115(6)

601-606, 2013.

19)

24(4): 380-387, 2012.

20) , s s ,
24(4):

349-360, 2012.

21) , . . )

. http://bsd.neuroinf.jp/wiki/
2012.10.10.
22) . . .

http://bsd.neuroinf._jp/wiki/
2012.4.26.
23, , ; ASD
21(6), 687-691, 2012.
24) s s

25, 43-48, 2012.

25) , , , .

. ASD } 21(6),
672-679, 2012
26)

2012; 41 (2): 135-141.

2012; 114(6): 629-646.

48

1) Takahashi H, Nakahachi T, Komatsu S, lida Y,
Okajima J, Ogino K, Kamio Y. Source localization
analyses of preattentive auditory discrimination
processing in Japanese children with autism spectrum
disorders. International Meeting for Autism Research
13rd Annual Meeting, Atlanta, USA, 2014.5.16.

2) Kamio Y, Ogino K, lida Y, Endo A, Komatsu S,
Takahashi H, Ishitobi M, Miyake A Do early autistic
symptoms predict later mental health problems? The
9th International Conference on Early Psychosis-To
the new horizon, Tokyo, 2014.11.17-19.

3) Takahashi H, Nakahachi T, Moriwaki A, lida Y, Endo
A, Ogino K, Takei R, Komatsu S, Kamio Y. Acoustic
startle modulation and 1its relationship to
quantitative autistic traits in Japanese children

with and without autism spectrum disorders. The 43rd
annual meeting of society for neuroscience, San Diego
Convention Center, San Diego, USA. Nov 9-13, 2013.
4) Takahashi H, Gunji A, Kaneko Y, Nakahachi T,
Hironaga N, Hagiwara K, Moriwaki A, Inagaki M,
Tobimatsu S, Kamio Y. Steady-state gamma responses
of MEG in children with and without autism spectrum
disorders: a preliminary study. International
Society for the Advancement of Clinical
Magnetoencephalography meeting 2013, Tokyo Dome
Hotel Sapporo, Sapporo, Japan, Aug 27-30, 2013.

5) Takahashi H, Nakahachi T, Moriwaki A, Takei R,
Ogino K, lida Y, Inada N, Kamio Y. Acoustic startle
modulation and 1its relationship to clinical
characteristics in Japanese children with autism
spectrum disorders. The 11th World Congress of
Biological Psychiatry, Kyoto International
Conference Center, Kyoto, Japan, June 23 - 27, 2013.
6) Takahashi H, Nakahachi T, Moriwaki A, Takei R,
Ogino K, lidaY, Inada N, Kamio Y. Neurophysiological
Evaluation of Acoustic Startle Response in Japanese
Children with  Autism  Spectrum  Disorders.
International Meeting for Autism Research 2013,
Kursaal Centre, San Sebastian, Spain, May 2 - 4, 2013.

B

26 « 26 ),
, , 2015.3.9.
8)
26 (
26 ), .
, 2015.3.9.
9 ., , , ,
4 IBIC
. 2015.2.5.
10) , ,
4 IBIC ,
, . 2015.2.5.
11) ) , , . ,
20
27
, , 2014.11.28- 29.
12) , ,
, 2014.11.19.
13) , ,
45 , ,



, 2014.11.8.

14) , , , .
, ) ASD
. 40 s ,
2014.11.1-3.
15)
.36
57 ,
, , 2014.9.29.
16) ,
. 110
, , 2014.6.26-28.
17)
25 ( 25 ),
. , 2014.3.10.
18) , , , ,
25 ( 25 ),
2014.3.10
19)
3 IBIC ,
, , 2014.1.23.
20)
43
, , 2013.11. 7-9.
21)
23 43
, , 2013.10.24 - 26.
22)
54
, , 2013.10.10 - 12.

23) Takahashi H, Gunji A, Kaneko Y, Nakahachi T,
Hironaga N, Hagiwara K, Moriwaki A, Inagaki M,
Tobimatsu S, Kamio Y. Auditory steady-state gamma
responses of MEG in children with autism spectrum
disorders: A preliminary study. Neural Oscillation
Conference 2013, Okazaki Conference Center, National
Institute of Physiological Sciences, Okazaki, Japan,
July 18 - 19, 2013.

24)
109
, 2013.6.28 - 29.
25) Takahashi H, Nakahachi T, Moriwaki A, lida Y, Endo
A, Ogino K, Takei R, Inada N, Kamio Y. Source
localization analyses of preattentive auditory
discrimination processing in children with autism

spectrum disorders. 36 56
23
2013.6.20 - 23.
26) , s s ,
7
28 s
, , 2013.6.7 - 8.
27) , s , s
1
6
s , 2013. 4. 27.
28)
2 ( 24
) , ,
2013.3.11.

29) Hidetoshi Takahashi, Takayuki Nakahachi, Aiko
Moriwaki, Reiko Takei, Kazuo Ogino, Yukako lida,
Naoko Inada, Yoko Kamio. Relationship of
quantitative autistic traits and acoustic startle
response in children with autism spectrum disorders.

“ ”

, , 2013.2.16
30)
24
, ,2012.12.18.
3
25
, 2012. 11.30-12.1.
32) , , . .
?
. 108 ,
, . 2012.11.10-11.
33) , , . ,
42 ,
, . 2012.11.8-10.
34)



35) ,
53
/
2012.10.31-11.2.
36) ,
5

2012.10.31-11.2.

37) ,
38)

18
2012.9.28-30.
39)

25

34

. 2012.9.28-30.
40) ,

25
2012.9.28-30.
41) ,
42) ,
43)
24
, 2012.8.29.

44)

67

53
/
, 2012.10.31-11.2.

2012.7.12-13.
45) Leonides Canuet

(SRS-A)

53

. /
53
/

, 2012.10.31-11.2.
34
34
35 ,

. 2012.9.18-21.

, 2012.9.14-16.

. NIRS  ATMT
.14
2012.7.5-6

46)

2012.7.5
47) . . . ,

15 ,

27

2012. 6. 1.

3
1) Yamasaki T, Maekawa T, Takahashi H, Fujita T, Kamio
Y, Tobimatsu S. Electrophysiology of Visual and
Auditory Perception in Autism Spectrum Disorders.
V.B. Patel et al. (eds.), Comprehensive Guide to
Autism, 791-808, Springer SciencetBusiness Media,
New York, 2014.

) N
)
XX, y y
2012.
3 L 08A
p47, . , 2012.

http://www._ncnp.go.jp/nimh/jidou/resear
ch/research.html

o
TAKAHASHI HIDETOSHI

40423222



