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0. ȥŻ 

� ȎȩňtUs\[ɶňɾ¢ (MMN) ,ǾäĆȽǕ+żƈƦɸ*��%�Ɔǌ)ǋ

ǃďǚţƜ+¯ȣ+�#&
<	MMN*,ɞȔÉƽ+ʂ+ɬ�@ā
%ľ:=<

duration MMN (dMMN) '�ʂ+ʐ�@ā
%ľ:=<frequency MMN (fMMN) �Ď

ø�<	ƊǤǳ&,ǾäĆȽǕ+żƈƦɸ*��<dMMN�fMMN'ȷǢƞȒ�¼ș

ǚǩ�ɤŃ~n}'+ɱɛ@Ɨȯ��dMMN�ǘǕĻżƈǾäĆȽǕ'ǺǫǔeD|

UM&¼șǚǩ�ɤŃ~n}*Ǟŧķʃ@�
<�'�Ž:�*�=�	9"%

dMMN,ǾäĆȽǕ+ǘǕÊ�:+ǔǚɡǰ7��,ǘɢǐĦ@Þſ��¼șǚǩ�

ɤŃ~n}*ķʃ@�
%�<'Ȋ
:=�	 
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1. ĭų 

1.1. ǾäĆȽǕ&4:=<Ǖǅ'ǒď 

� ǾäĆȽǕ,�ĪȎ8ĉŌǶ+ɷňǕǅ�ōƠ£�8Ŏŋ+ĨƍÒǶ+ɶňǕǅ�

ȭȹňȰŒ8ɟȠƞȒǶ+ȷǢƞȒ£��4:=<ǺǫǓŉ&
< (van Os and 

Kapur, 2009)	ǋƵƆǔǈ,ǻ 0.8 %&ǍćĢ,)��ă��ņƀƈ*ǘǕ�< (Hafner 

and an der Heiden, 1997)	�+�Ļ,�ǩ�ɤŃ�ȚĈ)ȇ�ǻ 3Ë��Ƕį+Ǖǅ

�Ţǿ�<ȇ�ǻ 3Ë�¿ǘ�ėȬ@Ȅ;ɔ��6*»ɖɴ@Ȅ;ɔ�ȇ�ǻ 4Ë&


;�ŐňɝȠň*Ǽɡ�<Ǔŉ&
< (van Os and Kapur, 2009)	¼�Ǐ&+ǓŉɄ

Ş (the global burden of disease) +ţƜ&
<ɻēȽŲǋĎĩű (disability-adjusted 

life-years; DALYs) +ǷÁ*ȥ�<ãǓŉ+ɻē¬ű (disability weights) &,��șɌ

¤Ǔŉ@é5 220 +Ǔŉ+)�&ǾäĆȽǕ+Ňňƈ+ɻē¬ű�7"'7Ą�� 

(Salomon et al., 2012)	9"%�ǾäĆȽǕ@Ȝĩƈ*ǘǕ��+Ļ+�ǋ@ɗ<Ŷ�

+ɄŞ,ʀĦ*Ą��	�����+ǔŏ+2'A(,ƉȬŽ&�ǉø+ȟǃǗƯǶ

+ƭǗÏƏ,ɳđǚ&
<	ɷňǕǅ,ƨɏǚȟǃǗƯ*ę�<ÞŃ�Ț�7++�

ɶňǕǅ�9/ȷǢƞȒ,ɽƭ&
;��Ļ*Ą��ķʃ�< (Aquila and Citrome, 

2015; Iwata et al., 2015; Kaneko and Keshavan, 2012; Nielsen et al., 2015)	9"%�ǾäĆ

ȽǕ+ǔŏ+ȬŽ'�=*ý$�ŵ�)ƭǗƯ+ɯǘ�ðȀ+ȼʉ')"%�<	 
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1.2. ǾäĆȽǕ&4:=<ȷǢ�ǩ�ƞȒɻē 

� ǾäĆȽǕ@7#Ŷ�,��+Ǖǅ�:ǩ�ǋƲ*ă�+õɽ@ŝ
%�<	Ǖǅ

+)�&7ȷǢƞȒɻē,źĦǋƲ*Ą�)ķʃ@�
%�;�ɟȠƞȒ�Ʊō�Ȱ

Œ�ÀǊəįǶ�3�3)ƞȒ£��4:=< (Dickinson et al., 2007; Saykin et al., 

1991; Saykin et al., 1994)	�:* Green:,�ǾäĆȽǕ*9<ǩ�ȷǢȒÌ*#�

%�Ł+Ǌȿ (�ȋ+ō÷8Ȋ
@Ũ�Ƹ<ȒÌ)�ǩ�ǚǢȩ (�ɰɱ¬*��<ȗ

Ɍ+ĸË+ȗȩ8ǩ�ǚųȓ+řūÌ)�ǩ�ǚǢɁ7��,ǩ�ǚUL�s (ǩ�

ǋƲ&ȗɌ�ƈĺ�=<ȠÐ*#�%+ȗȩ)�ĥófDBU (�ǃ+Úó@�ǅƮ

8�ȋ7��,ȗɌ*ĥ��'�&�<ȒÌ)�ŎŋÀǊ (Ŏŋ@Ǣȩ�ǌ�<ȒÌ) 

Ƕ*ɻē�
<�'@þê�� (Green et al., 2008)	�=:+ǩ�ȷǢȒÌ73�Ǿ

äĆȽǕ+ǩ�ƞȒ*Ą��ķʃ��źĦǋƲȒÌ+£�@���%�< (Green et 

al., 2018)	�:* Green:,ǾäĆȽǕ*��<ȷǢƞȒ£�'ǩ�ɤŃ~n}'+

ɱɛ*#�%Ƚ1�ȭȹňȰŒ+UQB�Ƅ7ħī�ǩ�ƞȒ'ǟɱ�<�'�Ʊō

,ǩ�ǚîʉȬƬ+ȒÌ'ǟɱ�<�'�ɟȠȒÌ,ùü&+ǩ�ǋƲȒÌ'ǟɱ�

<�'�ɶňǕǅ,ǩ�ǚîʉȬƬ+ȒÌ'ǟɱ�<�'@Ǩ�� (Green, 1996; 

Green et al., 2000)	���"%ǾäĆȽǕ@7#��,ǩ�ǋƲ*Ą�)õɽ@��

�%�;�ȷǢƞȒɻē��+Ƅ7ɨȥ)ȥó&
<'Ȋ
:=<	 
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1.3. ǾäĆȽǕ*��<ȖĬǔƈ 

� ă�+ÿä�ǾäĆȽǕ,ņƀƈ*��<ǘǕ+ÊƦɸ'Ȋ
:=<Êʍƈ@Ǽ%

ǘǕ�<	Êʍƈ&,��Đ�ȀĳŎ�Ś�#ǕǅǶ+ʀǄǐǚǺǫǕǅ�Áǉ��

�=:�Ɏń��Ɵǵ*ďƑ8ȏÿǶ+ǩ�&+îʉ�Ž:�')"%�< 

(Tandon et al., 2009; Insel. 2010)	��%Īȩ�ĉŌǶ+ɷňǕǅ@Ǩ�%ǘǕ��ļ�

*ōƠ+£�Ƕ+ɶňǕǅ@Ǩ��ȷǢƞȒ£��ʊȞ*);�ǾäĆȽǕ+Őňƈ

*ǮȠ�%�� (Tandon et al., 2009)	�=3&,��+Äò+ǾäĆȽǕGjX�`

7��,Őňƈ*��%ÓǗȋ+ŮŬ�ɯċ�=<�'�ă�"�	 

 

 

÷ 1 ǾäĆȽǕ*��<ȖĬǔƈ 

 

1.4. ǾäĆȽǕ*��<żƈƦɸ 

� ǾäĆȽǕ&,�9;żƈ+Ʀɸ�:ŮŬ@ɯċ�<�'��Ļ+ůï*ɨȥ&


<'��ºȠǤǳ+ǢȦ�
<	Ǆ*ǾäĆȽǕǘǕĻ 5ĩɰ,�Ļ+�Ļ*ķʃ�

���� �!��

����


���

��&,(/+����

�
�

�
�

�
�
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<ȖǏƈ*ĵ�<�'�Ǩ�=%�;�ƭǗ+ɨȥň�ʐ� (Crumlish et al., 2009: 

Birchwood et al., 1998)	�:*ǺǫǔƉƭǗƈɰ�ǣ�2(ěƋ+ǺǫǕǅ8ǩ�ɤ

Ń~n}+�Ļ�Ț�'��vYȬƎ+ǽƏ7þê�=%�< (Perkins et al., 2005; 

Marshall et al., 2005)	�+9�)ȫƿ�:�Êʍƈ'��ĻŶȨǚ)Ŧ
Ŷ&ǾäĆ

ȽǕǘǕĻ*Ǖ§@ť;ɔ<+&,)��ǺǫǔeD|UM (Ultra-high risk, UHR) 

'��ƙŅ*9;�ǲƘǚ*żƈŮŬ@ɯċ�<ȵ4�ş�"%�%�< (McGorry 

et al., 2014; Marshall et al., 2005; Owen et al., 2016; van Os and Kapur, 2009; Perkins et al., 

2005)	 

� � UHR +ȲŴýƻ'�%,�ÊʍǕǅ*ę�<ƚɚÒʁŧ&
< Structured 

Interview for Prodromal Symptoms (SIPS) �9�Ǣ:=%�;�źƊȹǂ7Ďø�< 

(Kobayashi et al., 2007; Miller et al., 1999)	SIPS &, UHR , 1. ĿĲ)ɷňǕǅ 

(attenuated psychotic syndrome, APS)�2. ǣƈɰ+ɰơǚǺǫǔǅŏ (brief intermittent 

psychotic syndrome, BIPS)�3. ɥ ǚ|UM'ƞȒ£� (genetic risk and deterioration 

syndrome, GRDS)'�%đȈ�=<	ĿĲ)ɷňǕǅ,�ɡÛ+ 1ĩ�¾*�ɲ°�

�+ĿĲ)ǺǫǔǕǅ�ċ3"��ŊÒ��O�U&
;�ǣƈɰ+ɰơǚǺǫǔǅ

ŏ,�ɡÛ+ 3�ƅɰ*Ǻǫǔǅŏ@¤ʎ���=(7�+¤ʎ�ǣƈɰ&
"���

ǯ&
"��'*9"%ǉøǺǫǔǕǅ+ȲŴýƻ*ƹ�)�ǅŏ'�=<	ɥ ǚ

|UM'ƞȒ£�,ɡÛ+ 1 ĩ�¾*�ƞȒ+¼¤ǚȴđĞį (Global Assessment of 

Functioning, GAF) *9"%ȴª�=�¼șǚǩ�ɤŃ~n}� 30%��£��%�
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;��#ǵ 1įȪŸ*Ǻǫǔ+ŹĹ�
<'��ĔŸƥ@ƹ����Ǻǫɻē+ȲŴ

'ǾȮsbyB} (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 

DSM-IV) *9"%�Ɗ��ǾäĆȽûg�Xa|]C�ɻē'ȲŴ�=<ÿä'đ

Ȉ�=%�<	UHRȇ+�!�6�ƅɰǼɡ�* 18 %�1ĩɰ* 22 %� 2ĩɰ* 29 %�

3 ĩɰ* 36 %�ǾäĆȽǕ@ǘǕ�<�'�vYȬƎ+ǽƏ&Ǣ:=%�< 

(Fusar-Poli et al., 2012)	 

 

1.5. ǾäĆȽǕ*��<ȖĬǔƈ*ɱɛ��ǋǃďǚţƜ+ɨȥň 

� żƈŮŬ@��6<�6*,�ǾäĆȽǕżƈƦɸ+ǔŏȬŽ'��=*ý$�ƭ

ǗƯɯǘ�ȼʉ&
<	ǺǫǓŉ+ǔŏ@Þſ�<ĒǌáȒ)ǋǃďǚţƜ,ǉǅ&

,���	9"%ǾäĆȽǕżƈ+ǔŏ@Þſ�<ǫǼǋǊďǚţƜ@ǥǴ�<�'

�&�=-��+ţƜ@Y�P\_'���ǔŏ+ȬŽ7��,ŵȧ+ƭǗƯ+ɯǘ

*ç��ýǧǭďǚ)Bl��[8ȖĬǚBl��[�áȒ*)<	�+9�)ţƜ

*,�ǾäĆȽǕ+ȖĬǕǅ'ɱɛ�
;��#ǋǃďǚýǜ+ȬŽ*ĸǴ#�'�

ƫ6:=<	 

� ǾäĆȽǕ@ęɃ'��ă�+ǋǃďǚǤǳ��=3&*Ƞ?=�Ɔǌ)ǋǃďǚ

ţƜ@Ɨȯ�<)�&�ɰȡǉû (G�`kFdYDl'7��) '��ƙŅ�ǋ

3=�	�ɰȡǉû,�7'7'ɥ ďǚ)Ǥǳʇü*��<ȡǉû'�%ƙŅ�ǥ

Ǵ�=�	ǾäĆȽǕ8ÝƘňɻēǶ+Ǻǫɻē*��%,�ɥ ǚȥó�Ĵ�Ǒ?
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=�|UMɥ č8Úóɥ č+Ďø@Ōđ�%Ǥǳ�ɝA 7++�ǾäĆȽǕ8

ÝƘňɻēǶ+Ǔŉ�+7+@ȡǉû'��ÿä*�ɥ ďǚǤǳ'+ǽƏ��Ș�

)�"�	�=@à�%�Ǔŉ�+7+&,)��ɥ č'Ǔŉ'��ȡǉû+��

ɰ�*Ďø�<ȡǉû@ǓŉǤǳ+Y�P\_*�<'��Ȋ
�ǋ3=��ɰȡǉ

û'�%đȈ�=� (Hashimoto, 2016)	ǾäĆȽǕ+�ɰȡǉû'�%,�ȕǫǼǎ

¸ǐĦ�ǫǼǋǊďǚǐĦ�ȷǢƞȒɻēǶ�
<	ȕǫǼǎ¸ƗƐƯ+�#&
<

ǦƩ½ʑǎ¸ (magnetic resonance imaging, MRI) @ǌ�%Ž:�*�=�ǾäĆȽǕ

&+�ȡǚ)ǐĦŔȦ'�%�¾´´ʈȝƚɚǃ (ŕƓ¤�ƴʌ�ƴʌµò)��´

ʈò�ʈʄȝ�ǛɆ�ƚɚǃ (Ĝȕ�ĄȕýĮƒ�ȕƕ�ȨĬ) Ƕ+¤ǲƷĝ�
< 

(Okada et al., 2016; Shenton et al., 2001)	ȷǢƞȒɻē*#�%,º*ɕ1�ɘ;&


<	�:*ǾäĆȽǕ+ǫǼǋǊďǚǐĦ*,�l~g}U�D�hiSz� 

(prepulse inhibition: PPI) +ǐĦ8�ȕưƗƐƯ*9;Ƹđ�=< P300�tUs\[ɶ

ňɾ¢ (mismatch negativity, MMN) )(+�Ƀɱɛɾ¢�K�sĤüȎňđĦÞŃ 

(auditory steady-state response: ASSR) +ǐĦŔȦǶ�Ť�:=< (Keshavan et al., 

2008)	 

� �=:+ţƜ+�&�MMN ,w^}Ðǃ@ǌ��Ēʎ��=3&*ăűȠ?=�

ǋǃďǚýǜ+ȬŽ�ɝ4##
<ţƜ&
; (Gil-da-Costa et al., 2013; Light and 

Näätänen, 2013)��#ȷǢƞȒɻē8ǩ�ƞȒɻē'�"�ȖĬǚ*ɨȥ)´ʁ'+

ɱɛ7Őňƈ+ǾäĆȽǕ&Ȅ;ɔ�þê�=%�<űĝ)�ţƜ&
<�6 
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(Light and Braff, 2005; Thomas et al., 2017)�ǾäĆȽǕżƈ+ǔŏ+Ǥǳ@ɝ6<�


&�ƆÌ)ǫǼǋǊďǚţƜ¯ȣ*);ľ<'Ȋ
:=<	 

 

1.6. tUs\[ɶňɾ¢ (MMN) 

1.6.1. MMN 

� �Ƀɱɛɾ¢ (event-related potential) ,�Ăǚ)Éƽ8�Ǣȩ�ņȊ�ȷǢǶ+¾

ǚ�Ƀ*Ɓɰǚ*ɱɛ�%ǋ�<ȕ+�ɡň+ɾ¢āÐ&
<	MMN +Ƹđ*,�

ȎȩI\`q�}ȼʉ@¦��'�ă�	I\`q�}ȼʉ&,�å�ɬ�'å�ʐ

�+ʂ (ƜƻÉƽ) @Ȅ;ɔ�ȍ�)�&�ɬ�8ʐ��ǐ)<ʂ (ɞȔÉƽ) @{

�Zu*ƶ»��<	Ƹđ+
� Ȣʎȋ*,�Éƽʂ*ę�<Ʊō@ɞ:��6*�

ǀʂ+ſ¸@ɫɅ��<)(�<	ƜƻÉƽ&ǋ�<�Ƀɱɛɾ¢'ɞȔÉƽ&ǋ�

<�Ƀɱɛɾ¢&,ưĶ�ɣ���+ĢưĶ�MMN&
< (÷ 2)	MMN,ÉƽĻ

100	200 ms ÊĻ*Êʈ�:�Łɧ*¹¢*Áǉ�<ɶň+ɾ¢&
<	MMN*,

��#�+Ǳʋ�
;�)�&7ƜƻÉƽ�:ŢǿƁɰ@ɞȔ����#3;ʂ+ɬ

�@ā
�ɞȔÉƽ@ǌ�%Ƹđ�< duration MMN (dMMN)�3�ƜƻÉƽ�:ë

ưű@ɞȔ����#3;ʂ+ʐ�@ā
�ɞȔÉƽ@ǌ�%Ƹđ�< frequency 

MMN (fMMN) �ī�Ǥǳ*¦?=%�<	 

� MMN,�ŎȩÉƽ*ę�<ÊƱōǚ (pre-attemtive) )ƗÁɡǰ@Þſ�<�Ƀɱ

ɛɾ¢'�%�1978 ĩ*kC�{�`+ Näätänen :*9"%,�6%þê�=� 
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(Näätänen et al., 1978)	ĵÄ,Ʊō'+ɱɛ&ɂȿ�=<�'�ă�"���Ɵǵ*

ɱɛ��Ǥǳ�ɝ4�MMN+vJbVu+ȻŽ@ȵ4<ŵ�)w^}�ɓĩþê�

=%�<	�+.'#'�%�Phillips :,³Ħȋ&+ȕǦ÷*9;nDVw^}@

ǌ��Ǥǳ&�MMN�Þſ�<ǫǼc\_��M'�%��´+�ƟȎȩɩ��´

ʈò�ȑĂ´ÊʈÊɩ@é6�Êʈ´ʈc\_��M*#�%Ǩ�� (Phillips et al., 

2015)	�+w^}&,�Êʈȝ0+�ƈ»Ì (expectancy input) �ɨȥ)ĸË@Ş��

ȕ,ĂǏ�:+Ŏȩ»Ì@7'*¾ǚÀǊ@Ǽ%��Ƹ@Ǵ%��:)<ĂǏ�:+

Ŏȩ»Ì@7'*�ƸȺĢ (prediction error) @ƗÁ���=@7'*3��Ƹ@Ǵ%

<'��ÀǊ@ɛǿ�%Ƞ"%�; (predictive cording)�MMN ,�+ predictive 

cording@Þſ�<ţƜ&
<'�=<	 

 

 

÷ 2 tUs\[ɶňɾ¢ (MMN) 

����"� ����� ����� �����

0	

�����

1	 2	

0	

2	

–2	

–4	
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–100	 0	 100	 200	 300	 400	 ��"(ms)	

����$�#%	
���� 		

����$�#%	
���� 		

0	

2	

–2	

–4	

4	

–100	 0	 100	 200	 300	 400	��"(ms)	

��	�

.'-*)�� 		
0MMN1	

��"(�)	
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1.6.2. ǾäĆȽǕ&4:=<MMN+ǐĦ 

� ǾäĆȽǕŉȋ*��%Ʊō+ɻē�4:=<�'�:�I�U_{|B+ Shelly

:+N}�l,�ōɁ@ç��Ʊō��ōɁ@ç�)�Ʊō+ɻē*7ɱɛ�<'Ȋ


�ǾäĆȽǕ@ęɃ*�ŎȩÉƽ*ę�<ÊƱōǚ)ƗÁɡǰ@Þſ�<MMN@

Ƹđ��ǾäĆȽǕ*��% MMNťħ�£��%�<�'@ 1991ĩ*�Ǐ&,�

6%þê�� (Shelly et al. 1991)	�+Ļ�1990ĩ��: 2000ĩ�*��%åƛ+þ

ê�ļ�*ɼ3; (Catts et al., 1995; Javitt et al., 1993)�Ɗɦ�:7 Kasai:�ǾäĆȽ

Ǖ*��< dMMN+£�@þê�� (Kasai et al., 1999)	�+Ļ��=:+Äƈ+Ǥ

ǳ@3'6�vYȬƎ� 2005 ĩ*,�6%þê�=�³Ħȋ'ƨɏ��ǾäĆȽǕ

*��<MMNťħ+£�,�dMMN& effect size (Cohen’s d) , 1.01&
;�fMMN

& effect size, 0.47&
<'�=� (Umbricht and Krljes, 2005)	ɓĩ+ Erickson:+

vYȬƎ+þê&,�ǾäĆȽǕŐňƈ+ŉȋȇ*��< dMMN £�+ effect size

, 0.94&
;�fMMN+ effect size 0.729;7Ą��'�=%�< (Erickson et al., 

2016)	 

� ǾäĆȽǕ*��<MMNťħ£�+ effect size+Ą��,�ă�+ǫǼǋǊďǚ

ţƜ+)�&7Ƅ7Ą��7++�#&
<	�:*�ÝƘňɻē*7MMNťħ+

£�,4:=<7++ effect size, 0.37ǰį&
;��+ǫǼǋǊďǚţƜ'ƨ1�

ǺǫǓŉ+�&ǾäĆȽǕ*Ǆǐǚ)ǐĦŔȦ&
<'ȭ
< (Erickson et al., 2016)	

P300+ǐĦ7 effect size+Ą��&,MMN*ı�@ß:)���ǾäĆȽǕ�Ă+
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ÝƘňɻē8Ă¶ĻU_~Uɻē (postraumatic stress disorder: PTSD) Ƕ+ǺǫǓŉ

&7ǐĦ�þê�=%�;�Ǆǐň'��ƿ&,Î< (Araki et al., 2005; Light et al., 

2012; O'Donnell et al., 2004)	�:* PPI8K�sĤü ASSR, effect size+Ą���

Ĝ	�ǰį&
;��:*K�sĤü ASSR,ÝƘňɻē8ȗɮǕUoM_{uɻē

Ƕ&7ǐĦ�4:=�ǓŉǄǐň�£� (Edgar et al., 2016; Isomura et al., 2016; Light et 

al., 2012; Thuné et al., 2016)	 

3�ǾäĆȽǕ&,�N-methyl-D-aspartate (NMDA) àĕ¤ƞȒ�£��%�<'�

��Ȼ�Ǣ:=%�;�³Ħȋ0+ NMDAàĕ¤šŜȟ&
<OYt�+ś�*9

;ǾäĆȽǕƛǕǅ+ɷňǕǅ�ɶňǕǅ�ȷǢƞȒɻē�Áǉ�<�'�Ǣ:=%

�< (Coyle, 2006; Javitt, 2007; Kantrowitz and Javitt, 2010)	�:*OYt�+ś�*9

; MMN ťħ�£��<�'7Ǣ:=%�;�MMN , NMDA àĕ¤ƞȒ@Þſ�

<ţƜ'�%7Ʊǝ�=%�< (Javitt et al., 1996; Umbricht et al., 2000)	 

� MMN+ǘǋƺ,ȕư8ȕǦ÷*9<ɾ¢ƺŨđ8�functional MRI�ǛɆȕưǶ

*9"%Ƚ1:=��)ǘǋƺ'�%mSy}ò8�´ʈòǶ+ȎȩǛɆ�þê�=

%�< (Yamasue et al., 2004; Youn et al., 2003)	Salisbury:,�Ǻǫǭ&Äò+»ɴƭ

Ǘ@à��ǾäĆȽǕŉȋ&�MMNťħ+£�'mSy}ò+ƾǙɆ¤ǲƷĝ�ǟ

ɱ�<�'��:* 1.5ĩɰ+ȃŴǚȮƸ&MMNťħ+ǼƁǚ£�'mSy}ò+

ƾǙɆ¤ǲ+ǼƁǚƷĝ�ǟɱ���'@þê�%�< (Salisbury et al., 2007)	´ʈ

ȝ�Ă*Êʈȝ7MMN+ǘǋƺ'�%ɱ��<�'�þê�=%�; (Opitz et al., 
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2002)�ǾäĆȽǕŉȋ+ MMN ťħ£���mSy}ò �&)�Êʈȝ+ƾǙɆ

¤ǲƷĝ'ǟɱ��'��Ǥǳ7
< (Rasser et al., 2011)	ȎȩǛɆ8Êʈȝ*Í


%�Ĥǅò@ǾäĆȽǕ*��< MMN £�+ɾ¢ƺ'�%Ũđ��þê7
< 

(Rissling et al., 2014; Takahashi et al., 2013)	ɓĩ,�MMN+ǘǋƺ,Ö�+ʇü&,

)��Ȥű+ʇü�ɱ��<sM�òɋ&
<áȒň�Ǩ�=%�< (Garrido et al., 

2008)	Dima:,Ȏȩɩ��´ʈò��Êʈò+c\_��M@ dynamic causal modeling

&Ɨȯ��ǾäĆȽǕŉȋ&Ȥű+ȕɧ¢�:ƚœ�=<c\_��M*ɻē�
<

�'@þê�� (Dima et al., 2012)	�=:+Ǥǳ*9;�MMN,ȎȩǛɆ+ƲÐ 

�&)��9;īǸö+ǫǼc\_��M+ƲÐ@Þſ�<�'�Ž:�*�=##


<	 

 

1.6.3. ǾäĆȽǕ*��<żƈƦɸ+MMN+ǐĦ 

� ºȠǤǳ*9;�dMMNťħ,ÄòGjX�`ǾäĆȽǕŉȋ�9/ UHRȇ&Ɔ

ō*£��4:=<�Ŷ&�fMMN ťħ,ÄòGjX�`ǾäĆȽǕŉȋ�9/

UHRȇ&Ɔō)ťħ+£��4:=)�'þê�=%�< (Nagai et al., 2013a; Nagai 

et al., 2013b)	ɓĩþê�=�vYȬƎ&7ÄòGjX�`ǾäĆȽǕŉȋ& dMMN

ťħ*£�,4:=<7++�fMMN ťħ,£��%�)��'�Ǩ�=%�< 

(Haigh et al., 2017)	9"%�dMMN,ǾäĆȽǕǘǕÊ+ UHR+Ʀɸ�:�&*ť

ħ�£��%�;��Ŷ& fMMN ,ǾäĆȽǕ+ǘǕÊĻ&,ťħ+£��4:=
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)��'�:�dMMN' fMMN&,ǾäĆȽǕ+ȖĬǔƈ*��%ťħ�£��<

Ɓƈ�ǐ)<�'��=3&*Ž:�*)"%�<	 

 

1.6.4. ǾäĆȽǕ*��<MMN'ȷǢƞȒ�ǩ�ɤŃ~n}+ɱɛ 

� �=3&+ºȠǤǳ*9; MMN ,ǾäĆȽǕ*��%ȷǢƞȒ8ǩ�ɤŃ~n

}'ɱɛ�<�'�Ǩ�=%�<	ŐňƈǾäĆȽǕ*��%�dMMN �Ĝ��2

(ɟȠƞȒ�ǩ�ȷǢ�źĦǋƲƞȒ�¼șǚǩ�ɤŃ~n}*£��4:=<�'

�Ž:�*)"%�< (Friedman et al., 2012; Jahshan et al., 2012; Kawakubo and Kasai, 

2006; Kiang et al., 2007; Kim et al., 2014; Lee et al., 2014; Light and Braff, 2005; Toyomaki 

et al., 2008; Wynn et al., 2010)	 

� ��%ǘǕĻżƈǾäĆȽǕ&,�dMMN ťħ�Ĝ��2(��L�Nvw|�

�£��%�<�'8�dMMN ťħ' fMMN ťħ�Ĝ��2(ǔÊŨđ IQ �£�

�'�Ž:�*)"%�< (Kaur et al., 2011; Salisbury et al., 2017)	�:* UHR&,�

dMMN ťħ�Ĝ��2(ǩ�ɤŃ~n}�£��fMMN ťħ�Ĝ��2(ȷǢƞȒ

+ÀǊəį�£��'7Ǣ:=%�< (Carrion et al., 2015)	���)�:�=3&+

'�>�dMMN�fMMN�ȷǢƞȒ�ǩ�ɤŃ~n}*#�%ǾäĆȽǕ+żƈƦɸ

&ÑŠǚ*ȽƐ��Ǥǳ,Ďø�)�	 
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1.6.5 ǾäĆȽǕ*��<MMN'ȷǢƞȒ�ǩ�ɤŃ~n}'+ɸğǚɱɛň 

� �:*ɓĩ+ŐňƈǾäĆȽǕŉȋ+ºȠǤǳ*��%�dMMN +ťħ�Ĝ��

2(ȷǢƞȒɻē�ɨ��ȷǢƞȒɻē�ɨ�2(ǩ�ɤŃ~n}�Ŋ�'��ɸğ

ǚ)ɱɛ�
<�'�Ǩ�=� (Thomas et al., 2017)	Thomas: (2017) ,ƚɚŶǰ

İw^|�N@ǌ�%�Ȱ+ǽƏ@Ǩ��	ƚɚŶǰİw^|�N',�ɨòĥÂƎ

8óčÂƎ)(+ăāɪȬƎ@Ńǌ��ǾȮȬƎŖƯ&
;�Ȥű+ƚœƙŅ8ȫƸ

āűɰ+ɱ¬@Ɨȯ�<�'�&�<ŖƯ&
<	ƚœƙŅ,ǞŧȫĘ&�)��6�

Ƽøāű'�%ȱđ�=<	ƚɚŶǰİw^|�N&,��=:+Ȥű+Ƽøāű�

9/ȫƸāű'+ɱ¬@gU÷'�%ǡÙ@ǌ�%ȱđ��óƏɱ¬@Ɨȯ�<	�

+ɺ*,ǡÙ&ǽ-=�āűɰ*,gU¬ű'�%ɱ¬+Ĵ��Ǩ�=<	��%�

+w^}¼¤+ɤäį�ǷÁ�=ǾȮǚ*�+w^}�œǴ�ľ<�è��ÅŴ�

=<	�+ƚɚŶǰİw^|�N@ǌ�%�Thomas : (2017) , dMMN�P300�

reorienting negativity Ƕ+�Ƀɱɛɾ¢+ȫƸāű�:ƚœ�=< early auditory 

information processing'��ǫǼŁǊţƜ'�%+Ƽøāű��ȷǢƞȒ@��%ǩ

�ɤŃ~n}*ķʃ�<�'@ŐňƈǾäĆȽǕŉȋ 1415 æ+ĄȧƝR�l}*9

;Ǩ�%�<	)��early auditory information processing'��ǫǼŁǊţƜ'�%

+Ƽøāű0+Ė�,�dMMN�P300�reorienting negativity+ȫƸāű+�!�dMMN

�Ƅ7Ą��'Ǩ�=%�<	 
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1.7. ƊǤǳ+ǝǚ 

Thomas : (2017) �Ǩ���ŐňƈǾäĆȽǕŉȋ*��% dMMN +ťħ�Ĝ�

�2(ȷǢƞȒɻē�ɨ��ȷǢƞȒɻē�ɨ�2(ǩ�ɤŃ~n}�Ŋ�'��ɸ

ğǚ)ɱɛ��ǾäĆȽǕ+żƈƦɸ&7Ďø�<'���Ȼ@Ɨȳ�<�'�ƊǤ

ǳ+ǝǚ&
<	�&*ǾäĆȽǕ+żƈƦɸ&MMN+ǐĦ�4:=<�',ºȠ

Ǥǳ&Ž:�*�=%�;�żƈƦɸ+ǔŏ@Þſ�<ǋǃďǚţƜ'�%ǔŏȬŽ

�9/ƭǗƯɯǘ*Ɔǌ&
<áȒň�
<	���)�:ǾäĆȽǕżƈƦɸ*�

�<MMN�ȷǢƞȒ�ǩ�ɤŃ~n}+ɱ¬,ÔÂ*Ž:�*)"%�)�	�:

* dMMN' fMMN,żƈƦɸ&ťħ�£��<Ɓƈ�ǐ)<�6�ȷǢƞȒ�ǩ�

ɤŃ~n}'+ɱ¬7ǐ)<�7�=)�	9"%�ƊǤǳ&,ǾäĆȽǕżƈƦɸ

*��%MMN'ȷǢƞȒ�ǩ�ɤŃ~n}'+ɸğǚ)ɱɛ@Ƚ1��:* dMMN

' fMMN &ȷǢƞȒ�ǩ�ɤŃ~n}'+ɱ¬�ǐ)<áȒň�
<�6��=�

=&ɱɛ@Ƚ1<�'*��	#3;�ÄòGjX�`ǾäĆȽǕ�9/ UHR&£

��4:=< dMMN,�ǾäĆȽǕǘǕÊ�: dMMN+ťħ�Ĝ��2(ȷǢƞȒ

ɻē�ɨ��ȷǢƞȒɻē�ɨ�2(ǩ�ɤŃ~n}�Ŋ�'��ɸğǚ)ɱɛ�


<�'�Ōđ�=��Ŷ&ǘǕĻżƈǾäĆȽǕ�9/ UHR& fMMN,£��4:

=)��'�:�fMMN,ȷǢƞȒɻē�9/ǩ�ɤŃ~n}'+ɱɛň��dMMN

',ǐ)<áȒň�
<	ƊǤǳ*9"%ǾäĆȽǕ+żƈƦɸ&�dMMN �9/

fMMN+ȷǢƞȒ�ǩ�ɤŃ~n}'+ɱɛ�Ǩ�=��+ňɆ�Ž:�*�=<�
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',�9;Ț��Ļ+�6+żƈŮŬƯ+ǥǴ*'"%ɨȥ)�ƣ&
<	 
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2. ŶƯ 

2.1. Ȣʎȋ 

Ȣʎȋ,�ǘǕĻżƈǾäĆȽǕ (recent-onset schizophrenia, ROSZ) 26æ (Ǎň 14

æ�ćň 12æ)�UHR 30æ (Ǎň 15æ�ćň 15æ)�³Ħęǁȋ (healthy Control, HC) 

20æ (Ǎň 10æ�ćň 10æ) &
< (ȡ 1)	�=:+Ȣʎȋ+�!�35æ��Ê*

þê��Ǥǳ*é3=%�< (Koshiyama et al. 2017)	ROSZ�9/ UHR+Ȣʎȋ,

ƌ�ĄďǔɴǺǫǫǼǭ+»ɴǔƖ7��,ĂƋ*��%|M}�_�=�	ROSZ

�9/ UHR+Ȣʎȋ+ă�,�ƌ�ĄďǔɴǺǫǫǼǭ*��<ǾäĆȽǕżƈƦ

ɸ+ĚɭĂƋ&
<���>+|UMĂƋ�&ȲǗ@à��	³ĦȢʎȋ,ƌ�Ąď

ëɒ+Ąď*��%+īê*9;|M}�_�=�	Ȣʎȋ+ÜÍýƻ�9/ɵĂý

ƻ@ȡ 2*Ǩ��	�=�=+Ȣʎȋ*,ƊǤǳÜÍÊ*ÔÂ*ȻŽ@Ƞ��ƃʁ*

9;ÜÍ+åō@ľ�	ƊǤǳ,�ƌ�ĄďÓďɧ±ǊČí�*��%Řȷ�=%�

< (No. 629�2226)	 

���>+|UMĂƋ�,�UHR�ROSZ @ęɃ*�żƈ*ɤÃ)ŮŬ@ũ¨�<

ÿ'�%ɠñ�=%�<	ǺǫǭÓģ�ȖĬŁǊĀ�Ǻǫ­³ǬǪĀǶ+ăȏǱ&ɠ

ñ�=�Ě�+Óģ 3æ�ęŃ�<	Ɗ��ĔŸ��ƭÓ�ďƑɱ¬ȋǶ�:ī�à

ȲǟȾ@à���%�;�p�uo�T (http://plaza.umin.ac.jp/arms-ut/) �&+Ěǌ

ǟȾkH�u'��Ķİ&BMWU+Ç«ň'àȲƞ�+ç�@÷"%�<	ǟȾ¾

ĕ@���>+|UMĂƋ�+ƚœí*9<ŮŬȋ�ɂ&Ɨȯ��żƈŮŬ�łȥ)
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O�U*ę�%åĂƋ+àȲ@Ɣ¾�<	2008 ĩ 9 ƅ�: 2014 ĩ 12 ƅ3&+ƈɰ

*Ė�:=�ǟȾ¾ĕ@ɼȮ��ǽƏ�ǟȾ�ű, 294� (Ɗ�+ňÆ: Ǎň 147æ�

ćň 147æ) &
;�Ɗ�+ĩʔğ, 15	19Ƥ� 122æ (41 %)�20	24Ƥ� 73æ 

(25 %)�10	14Ƥ� 27æ (9 %) &�ʐƑ�:Ąď�ĚɭďƑ*ɘ� 10Ƥ�ĻÕ+

ĩ��ǟȾ�ű+Ƅă@Ø6�	ǟȾȋ,Ɗ�� 87æ (30 %)�ĔŸ� 191æ (65 %)�

ÓǗƞɱ� 10æ (3 %) &ĔŸ�:+ǟȾ�ɡÕű&
"�	v�}àȲǟȾ+�!�

���>+|UMĂƋ�@àȲ��+, 133æ (45 %) &��+�! UHR�ROSZ +

ȲŴýƻ@ƹ���+, 35æ (26 %) &
"�	SIPS& UHR (19æ�14 %) *ȶĵ

��O�U+�!�79 %�ĿĲ)ɷňǕǅ@Ǩ� APSS�11 %�ɥ ǚ|UM'ƞȒ

£�@Ɔ�< GRDS�5 %�ǣƈɰ+ɰơǚǺǫǔǅŏ@Ǩ� BIPS+ýƻ@ƹ���

APSS'åƁ* GRDS+ýƻ@ƹ���O�U� 5 %&
"�	DSM-IV*9;Ǿä

ĆȽǕ'ȲŴ�=�Ţǿ��ǺǫǔǕǅ (Īȩ8ĉŌǶ) �ɡÛ 60 �ƅƉƹ&
<

ROSZ*ȶĵ�<O�U, 16æ (12 %) &
"�	�=�Ă+O�U,�ǾäĆȽǕ

Őňƈ�ƩÂɻē�ǫǼǕ�ǘɢɻē)(&
"�	 

� ǔÊŨđ IQ , Japanese version of National Adult Reading Test @ǌ�%Ũđ�� 

(Matsuoka and Kim, 2006)	ROSZ' UHR+Ȣʎȋ+ȖĬǕǅ,�ɷň�ɶňǕǅȴ

ªĞį (Positive and Negative Syndrome Scale, PANSS) *9;ȴª�� (Kay et al., 

1987)	24�+ ROSZ+Ȣʎȋ�9/ 16�+ UHR+Ȣʎȋ,ŜǺǫǔȟ@Ƈǌ�%

�;�ŜǺǫǔȟ+Ƈȟɪ,M�}l�sT�ŪǷɪ'�%ȴª�� (Inada and 
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Inagaki, 2015)	  



 

24 
 

ȡ 1 Ȣʎȋ+Ǆŀ 

 
ROSZ UHR HC Ɨđ 

Ȣʎȋű (Ǎň/ćň)a 26 (14/12) 30 (15/15) 20 (10/10) χ2 = 0.10, df = 2, p = 0.95 
ĩʔ b 23.9 (6.4) 20.8 (4.0) 23.0 (5.0) F2,73= 2.70, p = 0.07 
ŰȐĩű b 13.1 (2.7) 13.0 (2.6) 14.7 (3.0) F2,73 = 2.49, p = 0.09 
ǔÊŨđ IQb 104 (9.5) 105 (8.7) 108 (8.9) F2,73 = 1.10, p = 0.34 
Ȇǔƈɰ (ɜ) 40.1 (39.6) 

   
ƉƭǗƈɰ (ɜ) 22.3 (33.2) 

   
PANSSc 

    
 Positive (ɷňǕǅ) 15.6 (5.0) 14.1 (3.6) 

 
t54 = 1.29, p = 0.20 

 Negative (ɶňǕǅ) 18.2 (6.9) 17.2 (5.3) 
 

t54 = 0.63, p = 0.53 
 General (ȁäǺǫǔǊ) 35.0 (9.3) 35.5 (7.7) 

 
t54 = –0.20, p = 0.84 

 Total (ȁäƿ) 69.4 (17.9) 66.8 (14.2) 
 

t54 = 0.59, p = 0.56 
ŜǺǫǔȟƇȟɪ 
(mg/day)c 

466 (355) 107 (148) 
 

t32.5 = 4.81, p < 0.001 

Ȣʎȋű�Ă+�1%+°,Ĩú° (Ɯƻ²Ģ) &
<	a χ2Ɨđ�b one-way analysis 
of variance (ANOVA)�c tƗđ@ǌ�%ȬƎ��	p < 0.05@Ɔōƪƻ'�%ȱđ��	
�Ȃ,Ɔō@ȡ�	ROSZ, recent-onset schizophrenia (ǘǕĻżƈǾäĆȽǕ); UHR, 
ultra-high risk (ǺǫǔeD|UM); HC, healthy control (³Ħȋ); IQ, intelligence quotient; 
PANSS, positive and negative syndrome scale (ɷň�ɶňǕǅȴªĞį)  
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ȡ 2 Ȣʎȋ+ÜÍýƻ�9/ɵĂýƻ 

ÜÍýƻ 
ROSZ 
�Ǻǫɻē+ȲŴ'ǾȮsbyB} (Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition, DSM-IV) *9;ǾäĆȽǕ'ȲŴ�=< 
�15–40Ƥ 
�Ţǿ��ǺǫǔǕǅ�ɡÛ 60�ƅƉƹ&
< 
UHR 
�Structured Interview for Prodromal Symptoms (SIPS) *9; UHR*ȶĵ�< 
�15–30Ƥ 
�ŜǺǫǔȟ*9<ƭǗƥ� 16ɜƉƹ&
< 
HC 
�15–40Ƥ 
�ǵ 1įȪŸ* DSM-�+�ɍȲŴ+ĔŸƥ�)� 
ɵĂýƻ (�1%+ȇ) 
 �ǫǼǓŉ 
 �5Â��+ōɁɻē@¡�ʈɧĂ¶ 
 �ɾƩǖŭǗƯ+ŹĹ 
 �IQ 70Ɖƹ 
 �ǃɆ�ǌ�9/©Ď 
 �Audiometer*9<ȎÌƞȒƗƐ (ġâ�Ȍ& 1000 Hz�30 dB�9/ 4000 Hz�40dB 
  sound pressure level) *��<ȎȩǐĦ 
ROSZ, recent-onset schizophrenia (ǘǕĻżƈǾäĆȽǕ); UHR, ultra-high risk (Ǻǫ
ǔeD|UM); HC, healthy control (³Ħȋ); IQ, intelligence quotient 
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2.2. ¼șǚǩ�ɤŃ~n}ȴª 

� ƞȒ+¼¤ǚȴđĞį (Global Assessment of Functioning scale, GAF) +ÂËǂ@ǌ

�%¼șǚǩ�ɤŃ~n}@Ǖǅʇü (Global Assessment of Functioning-Symptom, 

GAF-S)�ǩ�ƞȒʇü (Global Assessment of Functioning-Functioning, GAF-F) *Â�

%ȴª�� (Eguchi et al., 2015; Pedersen et al., 2007)	GAF, 0ƿ�: 100ƿ3&+ɰ

&¼șǚǩ�ɤŃ~n}@ȴª�<UO�}&
;�ƿű�ʐ�2(ƞȒ�ʐ��'

@ōì�<	 

 

2.3. ȷǢƞȒȴª 

� ǾäĆȽǕȷǢƞȒǹžȴªĞį (Brief Assessment of Cognition in Schizophrenia, 

BACS) +źƊȹǂ (BACS-J) @ǌ�%ȷǢƞȒ@ȴª�� (Kaneda et al., 2007; 

Keefe et al., 2004)	BACS-J,�ȭȹňȰŒ'ďȉ���L�Nvw|��ɠÐƞȒ�

ȭȹƳƂň�Ʊō'ŋþÀǊəį�ɟȠƞȒ+ 6#+�¢ʅǝ*9;ƚœ�=%�<	

BACS-J,�ǾäĆȽǕ*��<ȷǢƞȒ£�+ȴª*ǄÒ�%¥œ�=�ȷǢƞȒ

ȴªUO�}&�Ċĵň*#�%�&*Ɨȳ�=%�;�Ɗɦ+ǾäĆȽǕǤǳ&ī

�ǌ�:=%�<	 

 

2.4. ȕưȼʉ�9/ȕưƸđ 

� dMMN +ȸǘ*,�2 Ǳʋ+ʂÉƽ (Ȯ 2000 ò) *9<ȎȩI\`q�}ȼʉ@
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ǌ��	dMMN @Ƹđ�<ȼʉ+ʂÉƽ*,ƜƻÉƽ (1000 Hz, 50 msʗ¼Éƽ+

90 %) '�ɞȔÉƽ (1000 Hz, 100 msʗ¼Éƽ+ 10 %) @¦ǌ���ȋ�{�Zu)

ʆ*ũǨ�=�	3� fMMN+ȸǘ*7 2Ǳʋ+ʂÉƽ (Ȯ 2000ò) *9<ȎȩI

\`q�}ȼʉ@ǌ��	fMMN@Ƹđ�<ȼʉ+ʂÉƽ*,ƜƻÉƽ (1000 Hz, 50 

msʗ¼Éƽ+ 90 %) '�ɞȔÉƽ (1200 Hz, 50 msʗ¼Éƽ+ 10 %) @¦ǌ���ȋ

�{�Zu)ʆ*ũǨ�=�	�1%+Éƽʂ, 80 dB�1 ms rise/fall time�Éƽɰɹ

, 500 ms '��	I\`q�}ȼʉ,JE�Y�f{�U@';�dMMN�fMMN

+ʆ*Ƹđ@��)�Ȣʎȋ'�fMMN�dMMN+ʆ*Ƹđ@��)�Ȣʎȋ���

*)<9�*��	Éƽʂ,Dxp�@ɘ�%�Ȍ*ũǨ�=��+ɰȢʎȋ,ǀʂ

+ſǎ@ɫɅ��	 

� ȕư^�Y, 64-channel Geodesic EEG System (Electrical Geodesics Inc, Eugene, OR) 

@ǌ�%Ƹđ��	ʈʏʄ vertex@ýƻɾƘ'��ãɾƘ+D�j�Z�U, 50 kΩ

Ɖƹ*­!�R�l|�Nǈ@ 500 Hz�Ba�NkC}Y�+f�`gU@ 0.1 – 100 

Hz'�%ȱđ��Ƹđ@Ƞ"�	 

 

2.5. ȕư^�YȬƎ 

� ȕư^�Y, EEGLAB@ǌ�%ȬƎ�� (Delorme and Makeig, 2004)	ȕư+ɛǿ

^�Y,�ĨúɾƘ@ýƻ'��^�Y*āŪ��0.1 – 20 Hz+^TY}kC}Y�

@���ÉƽũǨÊ 100 ms�:ÉƽũǨĻ 500 ms+ɬ�&WNv�]�Sz�+À
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Ǌ@Ƞ"�	ÉƽũǨÊ+ýƻȂ+Ĩú°@ǌ�%ýƻȂ®Ƣ@Ƞ"�	ǆǴœÂÂ

Ǝ@ǌ�%ǠǝưĶ@®Ƣ��	±100µV @Ɉ
<ưĶ@é5Gr\M,ɵĂ��	

ÍǷĨú��Ļ*ɞȔÉƽ*ę�<�Ƀɱɛɾ¢ưĶ�:ƜƻÉƽ*ę�<�Ƀɱ

ɛɾ¢ưĶ+ĢÂ@';MMN@ǷÁ��	 

� MMNťħ�ƄĄ&
"� FCzëö+ 7ɾƘ+Ĩú@ǾȮȬƎ*ǌ�� (÷ 3)	º

ȠǤǳ*Ľ��dMMNťħ,ÉƽĻ 135�: 205 ms +Ĩúɾ¢'�%ǷÁ� (Light 

and Braff, 2005; Michie et al., 2002)�fMMNťħ,ÉƽĻ 100�: 200 ms +Ĩúɾ¢

'�%ǷÁ�� (Hirayasu et al., 1998; Salisbury et al., 2002)	 

 

 
÷ 3 MMNȬƎ*ǌ�� FCzëö+ 7ɾƘʕǙ�ʖ	³Ħȋ+ dMMN+_rN{kC
� (ġ) ' fMMN+_rN{kC� (â)	  

µV�
3�

1.5�

–1.5�

–3�

0�

dMMN� fMMN�
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2.6. ǾȮȬƎ 

� ǾȮȬƎ*#�%, SPSS (ver. 23.0.0.0, IBM Corp., Armonk, NY) ' Amos (version 

24.0.0.0, IBM Corp., Armonk, NY) @¦ǌ��	Ȣʎȋɰ (ROSZ, UHR, HC) +^wN

{kC\M^�Y+ƨɏ+�6�χ2Ɨđ�one-way analysis of variance (ANOVA)�ǆǴ

tƗđ@ǌ��	Post hocƗđ*,q�kF��bȣƢ@ǌ��	 

� ROSZ�9/UHRȇ*��%�=�=MMNťħ'GAFUQBɰ*#�%Pearson

+ǟɱ¬ű (r) @ǷÁ��	�:* ROSZ�UHR�HCȇ*��%�=�=MMNť

ħ' BACS-JUQBɰ*#�% Pearson+ǟɱ¬ű (r) @ǷÁ��	Í
%�ŜǺǫ

ǔȟ+ķʃ@Ȋő�<�6�ŜǺǫǔȟƇȟɪ�MMNťħ�GAFUQB�BACS-J

UQB'ǟɱ��ÿä*,�ŜǺǫǔȟƇȟɪ@½āɪ'��²ǟɱȬƎ@Ēŷ�<

�'*��	 

� ƊǤǳ&,ǾäĆȽǕ+żƈƦɸ*��%�MMN�ȷǢƞȒ@��%¼șǚǩ�

ɤŃ~n}*ķʃ�<'��ɸğǚ)ɱɛň+Ɔǀ@Ž:�*�<�6�ƚɚŶǰİ

w^|�N@ǌ�%Ɨȯ��	ƚɚŶǰİw^|�N+ȬƎ*,�MMNťħ'Ɔō

*ǟɱ�� GAF UQB�9/ BACS-J UQB@ȫƸāű'�%ǌ��	ƊǤǳ&,

ROSZ 8 UHR +R�l},ƨɏǚǯĝ&Ȣʎȋű�ɳ:=<�'�Ōđ�=�ƚɚ

Ŷǰİw^|�N&ȱđ&�<āű+ű�Èɳ�=<�6*�Ƽøāű,ȱđ�)�

"�	3�åƛ*Ȣʎȋű�ɳ:=<�'�Ōđ�=<�6*�,�6�: ROSZ

ȇ' UHRȇ&Æ�*w^}@¥œ����ȇ@Ɋ�ä?�%w^}@¥œ��ăƧ
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ɼôȬƎ&Ɨȯ@Ƞ��'*��	�+Ļ* ROSZ ȇ' UHR ȇ@Æ�*ȬƎ�%�

�ȇ+Ģǐ@Ƚ1�Ģǐ�Ȧ:=<gU¬ű*Ƕ°Èǻ@ȅ��w^}'ȅ�)�w

^}@¥œ�%�w^}ɤäį@ƨ1<�'&��=:�ȇ@Æ+ȇ'�%ŗ�1�

�(��@Ɨȯ��	w^}ɤäį+ţƜ*,�goodness of fit index (GFI)�

root-mean-square error of approximation (RMSEA) �9/ Akaike information criterion 

(AIC) @¦ǌ�� (Akaike, 1974; McDonald, 1989)	�1%+ǾȮȬƎ+Ɔōƪƻ*#

�%, p < 0.05*ȱđ��	 
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3. ǽƏ 

3.1. Ȣʎȋ+Ǆŀ 

� Ȣʎȋ+Ǆŀ*#�%,ȡ 1*Ǩ��	ROSZȇ�UHRȇ�HCȇɰ&ňÆ (χ2 = 0.10, 

df = 2, p = 0.95)�ĩʔ (F2,73= 2.70, p = 0.07)�ŰȐĩű (F2,73 = 2.49, p = 0.09)�ǔÊŨ

đ IQ (F2,73 = 1.10, p = 0.34) *Ɔō)Ģ,4:=)�"�	ROSZȇ+Ȇǔƈɰ,Ĩú

40.1ɜ (Ɯƻ²Ģ 39.6ɜ)�ƉƭǗƈɰ,Ĩú 22.3ɜ (Ɯƻ²Ģ 33.2ɜ) &
"�	

ROSZȇ' UHRȇ+ɰ& PANSSUQB*,ƆōĢ,4:=)�"�	ŜǺǫǔȟɪ

,ROSZȇ&Ĩú466mg (Ɯƻ²Ģ355mg)�UHRȇ&Ĩú107mg (Ɯƻ²Ģ148mg) &


;�ROSZȇ+Ŷ��Ɔō*Ƈȟɪ�ă�"� (t32.5 = 4.81, p < 0.001)	 

 

3.2. ¼șǚǩ�ɤŃ~n}ȴª 

� ¼șǚǩ�ɤŃ~n}ȴª+ǽƏ,ȡ 3 *Ǩ��	ROSZ ȇ' UHR ȇ'+ɰ&

GAF-SUQB�GAF-FUQB&'7*ƆōĢ�4:=���=7 ROSZȇ+Ŷ� UHR

ȇ9;7UQB�£��ɨǕ&
"�	 

 

3.3. ȷǢƞȒȴª 

� ȷǢƞȒȴª+ǽƏ,ȡ 3*Ǩ��	ROSZȇ�UHRȇ�HCȇ'+ɰ&�1%+

BACS-J UQB (ȁäľƿ�ȭȹňȰŒ'ďȉ���L�Nvw|��ɠÐƞȒ�ȭ

ȹƳƂňȼʉ�Ʊō'ŋþÀǊəį�ɟȠƞȒ) &ƆōĢ�4:=�	Post hocȬƎ
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&,�UHRȇ'ƨɏ�% ROSZȇ&�ȁäľƿ (p < 0.001)���L�Nvw|� (p 

= 0.02)�ɠÐƞȒ (p = 0.008)�Ʊō'ŋþəį (p < 0.001) �Ɔō*£��%��	

�:* HCȇ'ƨɏ�% ROSZȇ&�ȁäľƿ (p < 0.001)�ȭȹňȰŒ'ďȉ (p = 

0.001)���L�Nvw|� (p < 0.001)�ɠÐƞȒ (p < 0.001)�ȭȹƳƂňȼʉ (p = 

0.005)�Ʊō'ŋþəį (p < 0.001)�ɟȠƞȒ (p = 0.03) �Ɔō*£��%��	3

� HCȇ'ƨɏ�% UHRȇ&�ȁäľƿ (p = 0.03)�Ʊō'ŋþəį (p = 0.04) �Ɔ

ō*£��%��	 

 

ȡ 3 ȷǢƞȒ�9/¼șǚǩ�ɤŃ~n}UQB+ȇɰƨɏ 

 
ROSZ UHR HC Ɨđ 

GAF-Sa 41 (13) 51 (10) 
 

t54 = –3.32, p = 0.002 
GAF-Fa 44 (10) 52 (11) 

 
t54 = –2.98, p = 0.004 

BACS-J (zUQB)b 
    

 ȁäľƿ –1.26 (0.70) –0.43 (0.84) 0.13 (0.57) F2,73 = 21.25, p = 0.001 
 ȭȹňȰŒ'ďȉ –1.27 (1.17) –0.57 (1.19) 0.03 (0.89) F2,73 = 7.89, p = 0.001 
 ��L�Nvw|� –0.96 (0.98) –0.19 (1.21) 0.38 (0.87) F2,73 = 9.41, p < 0.001 
 ɠÐƞȒ –2.08 (1.40) –0.93 (1.46) –0.40 (1.24) F2,73 = 9.20, p < 0.001 
 ȭȹƳƂňȼʉ –0.96 (1.06) –0.29 (1.27) 0.19 (1.22) F2,73 = 5.47, p = 0.006 
 Ʊō'ŋþÀǊəį –1.42 (0.71) –0.35 (1.15) 0.37 (0.93) F2,73 = 20.44, p < 0.001 
 ɟȠƞȒ –0.87 (1.75) –0.26 (1.17) 0.20 (0.86) F2,73 = 3.71, p = 0.03 
�1%+°,Ĩú° (Ɯƻ²Ģ) &
<	a t Ɨđ�b one-way analysis of variance 
(ANOVA)@ǌ�%ǾȮȬƎ@Ƞ"�	�Ȃ,Ɔō  (p < 0.05) @Ǩ�	ROSZ, 
recent-onset schizophrenia (ǘǕĻżƈǾäĆȽǕ); UHR, ultra-high risk (ǺǫǔeD|
UM); HC, healthy control (³Ħȋ); GAF-S, Global Assessment of Functioning-Symptom 
( ƞ Ȓ + ¼ ¤ ǚ ȴ đ Ğ į � Ǖ ǅ ʇ ü ); GAF-F, Global Assessment of 
Functioning-Functioning (ƞȒ+¼¤ǚȴđĞį�ǩ�ƞȒʇü )ʗBACS-J, Brief 
Assessment of Cognition in Schizophrenia: validation of the Japanese version (ǾäĆȽǕ
ȷǢƞȒǹžȴªĞįźƊȹǂ) 
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3.4. MMN 

� MMN+ȁĨúÍǷưĶ,÷ 4*Ǩ��	dMMN, ROSZȇ�UHRȇ�HCȇ+ 3

ȇɰ&ƆōĢ�4:=� (ȡ 4)	Post hocȬƎ&, HCȇ*ƨ1% ROSZȇ+Ŷ�Ɔ

ō* dMMNťħ�£��%�; (p = 0.01)�HCȇ*ƨ1% UHRȇ+Ŷ� dMMNť

ħ�£��<·ç*
"� (p = 0.09)	ROSZȇ' UHRȇ+ɰ (p = 0.64) *Ɔō)Ģ

,4:=)�"�	fMMN &, ROSZ ȇ�UHR ȇ�HC ȇ+ 3 ȇɰ*Ɔō)Ģ,4

:=)�"�	 

 

 
÷ 4 dMMN (ġ) ' fMMN (â) +ȁĨúÍǷưĶ	dMMNťħ,ÉƽĻ 135�: 205 
ms (ʒțù) +Ĩúɾ¢'�%ǷÁ��fMMNťħ,ÉƽĻ 100�: 200 ms (ʒțù) 
+Ĩúɾ¢'�%ǷÁ��	ɇȂ, ROSZ�ɿȂ, UHR�ʓȂ, HC@Ǩ�	BUY
|UM, one-way analysis of variance (ANOVA)&+ȇɰƨɏ&Ģ�Ɔō (p < 0.05) &

<�'@Ǩ�	ROSZ, recent-onset schizophrenia (ǘǕĻżƈǾäĆȽǕ); UHR, 
ultra-high risk (ǺǫǔeD|UM); HC, healthy control (³Ħȋ) 

  

3. Results

3.1. GAF and BACS

The ROSZ group had significantly worse GAF-S scores (t54 =−3.32,
p= 0.002) and GAF-F scores (t54 =−2.98, p= 0.004) compared with
those of the UHR group. The BACS scores (Composite, Verbal Memory,
Working Memory, Motor Speed, Verbal Fluency, Attention, and Execu-
tive Function) differed significantly among the three groups. The
posthoc analyses revealed that, compared to the UHR group, the ROSZ
group had significantly lower scores for the Composite (p b 0.001),
Working Memory (p = 0.02), Motor Speed (p = 0.008), and Attention
(p b 0.001) components. In addition, the ROSZ group had significantly
lower scores comparedwith theHCs for the Composite (p b 0.001), Ver-
bal Memory (p=0.001),WorkingMemory (p b 0.001), Motor Speed (p

b 0.001), Verbal Fluency (p=0.005), Attention (p b 0.001), and Execu-
tive Function (p = 0.03) components. The posthoc analyses revealed
that the UHR group had significantly decreased scores compared with
those of the HCs for the Composite (p = 0.03) and Attention (p =
0.04) components.

3.2. MMN

The average MMN waveforms are shown in Fig. 1. The dMMN dif-
fered significantly among the three groups (F2, 73 = 5.46, p = 0.006).
The posthoc analyses revealed significant differences in dMMN ampli-
tude between the ROSZ and HC groups (p = 0.01). The dMMN ampli-
tudes did not significantly differ between the ROSZ and UHR groups (p
=0.64) or the UHR and HC groups (p=0.09). The fMMN did not differ
significantly among the three groups (F2, 73 = 1.49, p = 0.23).

Table 1
Demographics of the patients with recent-onset schizophrenia (ROSZ), individuals with ultra-high risk (UHR), and healthy controls (HCs).

ROSZ UHR HC Statistics

N (sex ratio M/F)a 26 (14/12) 30 (15/15) 20 (10/10) χ2 = 0.10, df = 2, p = 0.95
Age (years)b 23.9 (6.4) 20.8 (4.0) 23.0 (5.0) F2,73 = 2.70, p = 0.07
Education (years)b 13.1 (2.7) 13.0 (2.6) 14.7 (3.0) F2,73 = 2.49, p = 0.09
Premorbid IQb 104 (9.5) 105 (8.7) 108 (8.9) F2,73 = 1.10, p = 0.34
DOI (weeks) 40.1 (39.6)
DUP (weeks) 22.3 (33.2)
PANSSc

Positive 15.6 (5.0) 14.1 (3.6) t54 = 1.29, p = 0.20
Negative 18.2 (6.9) 17.2 (5.3) t54 = 0.63, p = 0.53
General 35.0 (9.3) 35.5 (7.7) t54 = −0.20, p = 0.84
Total 69.4 (17.9) 66.8 (14.2) t54 = 0.59, p = 0.56

Antipsychotic dose (mg/day)c 466 (355) 107 (148) t54 = 5.07, p < 0.001
BACS (z score)b

Composite −1.26 (0.70) −0.43 (0.84) 0.13 (0.57) F2,73 = 21.25, p = 0.001
Verbal memory −1.27 (1.17) −0.57 (1.19) 0.03 (0.89) F2,73 = 7.89, p = 0.001
Working memory −0.96 (0.98) −0.19 (1.21) 0.38 (0.87) F2,73 = 9.41, p < 0.001
Motor speed −2.08 (1.40) −0.93 (1.46) −0.40 (1.24) F2,73 = 9.20, p < 0.001
Verbal fluency −0.96 (1.06) −0.29 (1.27) 0.19 (1.22) F2,73 = 5.47, p = 0.006
Attention −1.42 (0.71) −0.35 (1.15) 0.37 (0.93) F2,73 = 20.44, p < 0.001
Executive function −0.87 (1.75) −0.26 (1.17) 0.20 (0.86) F2,73 = 3.71, p = 0.03

GAF-S scorec 41 (13) 51 (10) t54 = −3.32, p = 0.002
GAF-F scorec 44 (10) 52 (11) t54 = −2.98, p = 0.004
dMMN (μV)b −1.36 (0.80) −1.65 (0.83) −2.22 (1.06) F2,73 = 5.46, p = 0.006
fMMN (μV)b −0.92 (0.62) −1.05 (0.65) −1.27 (0.79) F2,73 = 1.49, p = 0.23

Legend: All values are shown as mean (standard deviation); Underline indicates p b 0.05. Abbreviations: ROSZ, recent-onset schizophrenia; UHR, ultra-high risk; HC, healthy control; IQ,
intelligence quotient; DOI, duration of illness; DUP, duration of untreated psychosis; PANSS, positive and negative syndrome scale; BACS, Brief Assessment of Cognition in Schizophrenia;
GAF-S, Global Assessment of Functioning-Symptom; GAF-F, Global Assessment of Functioning-Functioning; dMMN, durationmismatch negativity; fMMN, frequencymismatch negativity.

a Chi-square test.
b One-way ANOVA.
c Independent t-test.

Fig. 1. The average waveforms of duration mismatch negativity (dMMN) (A) and frequency mismatch negativity (fMMN) (B) at the FCz in patients with recent-onset schizophrenia
(ROSZ) (red line), individuals with ultra-high risk (UHR) (blue line), and healthy controls (HCs) (black line).
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ȡ 4    MMN+ȇɰƨɏ+ǽƏ 

 
ROSZ UHR HC Ɨđ 

dMMN (µV) –1.36 (0.80) –1.65 (0.83) –2.22 (1.06) F2,73 = 5.46, p = 0.006 
fMMN (µV) –0.92 (0.62) –1.05 (0.65) –1.27 (0.79) F2,73 = 1.49, p = 0.23 
�1%+°,Ĩú° (Ɯƻ²Ģ) &Ǩ��	one-way analysis of variance (ANOVA)@ǌ
�%Ģ@Ɨđ��	Ɔōƪƻ@ p < 0.05'�%ȱđ��	�Ȃ,Ɔō@ȡ�	ROSZ, 
recent-onset schizophrenia (ǘǕĻżƈǾäĆȽǕ); UHR, ultra-high risk (ǺǫǔeD|
UM); HC, healthy control (³Ħȋ) 

 

3.5. MMN'ȷǢƞȒ�¼șǚǩ�ɤŃ~n}+ɱɛ 

� MMN'ȷǢƞȒ�¼șǚǩ�ɤŃ~n}+ǟɱȬƎ+ǽƏ@ȡ 5�÷ 5*Ǩ��	

dMMNťħ,�ROSZȇ*��% GAF-SUQB (r = –0.42, p = 0.03) �9/ GAF-F

UQB (r = –0.45, p = 0.02) 'Ɔō*ǟɱ��	dMMNťħ,�UHRȇ*��%,

GAF-FUQB (r = –0.37, p = 0.046) 'Ɔō*ǟɱ����GAF-SUQB (r = –0.19, p = 

0.33) ',Ɔō)ǟɱ,4:=)�"�	fMMN ťħ,�ROSZ ȇ*��% BACS-J

UQB+��L�Nvw|� (r = –0.57, p = 0.002) �9/Ʊō'ŋþəį (r = –0.41, 

p = 0.04) 'Ɔō*ǟɱ��	fMMNťħ,�UHRȇ*��%, BACS-JUQB'+

ɰ*Ɔō)ǟɱ,Ȧ:=)�"�	3� dMMN�9/ fMMN'7* HCȇ*��%

, BACS-JUQB'+ɰ*Ɔō)ǟɱ,4:=)�"�	 

� ROSZȇ*��%�ŜǺǫǔȟɪ' dMMN (r = 0.47, p = 0.02)�fMMN (r = 0.44, p = 

0.02)���L�Nvw|� (r = –0.59, p = 0.001) �Ɔō*ǟɱ��	9"%ŜǺǫǔ

ȟɪ@½āɪ'��²ǟɱȬƎ@Ƞ"�'�>�ROSZȇ*��< dMMN' GAF-S

UQB+ǟɱ (r = –0.46, p = 0.02)�dMMN' GAF-FUQB+ǟɱ (r = –0.49, p = 0.01)�
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fMMN'��L�Nvw|�+ǟɱ (r = –0.43, p = 0.03) ,��=7Ɔōň�­�=

�	ROSZ ȇ*��< fMMN 'Ʊō'ŋþəį+ǟɱ,�ŜǺǫǔȟɪ@½āɪ'

��²ǟɱȬƎ*��%Ɔō·ç&
"� (r = –0.34, p = 0.09)	 
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D 5 MMN�G7/A��B69�O&����PL 

 
ROSZ 

 
UHR 

 
HC 

 
dMMN fMMN 

 
dMMN fMMN 

 
dMMN fMMN 

 
r p r p 

 
r p r p 

 
r p r p 

GAF-S –0.42 0.03 –0.23 0.26 
 

–0.19 0.33 –0.14 0.45 
     

GAF-F –0.45 0.02 –0.23 0.25 
 

–0.37 0.05 –0.18 0.34 
     

BACS-J (z
��) 
              

 =�%2 –0.10 0.64 –0.24 0.25 
 

–0.06 0.75 –0.18 0.35 
 

–0.21 0.38 –0.16 0.50 
 EH'F*�!? 0.12 0.55 0.17 0.41 

 
0.16 0.40 –0.07 0.71 

 
0.09 0.71 0.18 0.46 

 ��	������ –0.14 0.5 –0.57 0.002 
 

0.11 0.56 0.09 0.65 
 

–0.37 0.11 –0.13 0.59 
 N�/A –0.24 0.24 –0.09 0.66 

 
–0.15 0.44 –0.32 0.09 

 
–0.08 0.74 –0.18 0.44 

 EH1,'IQ 0.09 0.65 –0.14 0.51 
 

0.03 0.88 –0.14 0.47 
 

–0.13 0.57 –0.28 0.23 
 0)�(�K# –0.25 0.22 –0.41 0.04 

 
–0.18 0.35 –0.19 0.31 

 
–0.31 0.18 –0.12 0.61 

 MC/A <0.01 0.99 –0.03 0.87 
 

–0.21 0.26 –0.05 0.81 
 

0.10 0.68 0.11 0.66 
�>�-) (p < 0.05) �8��ROSZ, recent-onset schizophrenia (54$+.<� J4); UHR, ultra-high risk (;:3���

); HC, 
healthy control (�"@); GAF-S, Global Assessment of Functioning-Symptom; GAF-F, Global Assessment of Functioning-FunctioningR
BACS-J, Brief Assessment of Cognition in Schizophrenia 
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¯ 5 MMNõÕ% GAF
7, BACSHE>%)łƠ�Ɔ* ROSZŜ	Ʃ* UHR
Ŝ=ň��>HK_HB*ċì (p < 0.05) =ň��ROSZ, recent-onset schizophrenia (Ľ
ĻßĄčŘ¢»ſĻ); UHR, ultra-high risk (ŔŋĺR?_HB); GAF-S, Global 
Assessment of Functioning-Symptom (ěŠ)�|ĿŹÂÌÙdĻĮƮ²); GAF-F, Global 
Assessment of Functioning-Functioning (ěŠ)�|ĿŹÂÌÙdŊyěŠƮ²) 
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r = -0.37 
p = 0.046� 

r = -0.19 
p = 0.33 
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p = 0.02� 

r = -0.42 
p = 0.03� 
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3.6. ĖƐĂōÚ\N_cC 

� łƠųēŗĔ(5%"�	dMMN	fMMN	beAcC[\_e	ĥì%ê´ƏÙ	

GAF-F)Ơ�ç=ſ.:�4	ROSZŜ% UHRŜ=Ƈ�¢<��Ŝ$¸Ğƨ®ųē

=Ŭ ��ĥì%ê´ƏÙ=¦4�\N`* ROSZdUHRŜ(*Ɨ¢�'� ��	

dMMN	fMMN	beAcC[\_e	GAF-F=¦4�\N`*7�Ɨ¢���¯ 6

(ň��\N`)'�$\N` 1 �5 %5ŧ� ROSZdUHR Ŝ(Ɨ¢� (GFI = 

0.99ƴRMSEA < 0.001ƴAIC = 37.19)	�)u)\N`*Ɨ¢�'� � (RMSEA > 0.1)�  
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¯ 6 V`\N`%vĈ\N`)THL?>C^Z�GAF-F, Global Assessment of 
Functioning-Functioning (ěŠ)�|ĿŹÂÌÙdŊyěŠƮ²)  

dMMN�

fMMN�

GAF-F�ワーキングメモリー 

dMMN�

fMMN�

GAF-F�ワーキングメモリー 

dMMN�

fMMN�

GAF-F�ワーキングメモリー 

dMMN�

fMMN�

GAF-F�ワーキングメモリー 

	��1�

	��2�

	��3�

	��4�
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Ĝ(\N` 1=ĳ
# ROSZŜ% UHRŜ)T^[eKeƟ)Ñĸ=ĕŵ�	fMMN

�8beAcC[\_e-)TH�þ%beAcC[\_e�8 GAF-F -)TH�

þ( 2 ŜƟ$ċì'Ñ�28;���)�4 ROSZdUHR Ŝ(

#\N` 1 =ĳ


#�;8 2!)TH(!
#Œ��ŕ=ś�¸Ğƨ®ųē=Ŭ ���:%�ŕ=

ś�'
\N`)Ă (GFI = 0.99; RMSEA < 0.001; AIC = 37.19) ��ŕ=ś
�\N

` (GFI = 0.86; RMSEA = 0.22; AIC = 50.08) 795\N`Ɨ¢Ù�ŧ¼$	 ��7

 # ROSZŜ% UHRŜ* dMMN	fMMN	beAcC[\_e	GAF-F)Ơ�ç(



#ĸ':ƨ®$	9	ROSZ Ŝ% UHR Ŝ$��#ųē=Ŭ ��ROSZ Ŝ(


�:\N` 1)ŗĔ (GFI = 0.98; RMSEA < 0.001; AIC = 18.93) % UHRŜ(
�:\

N` 1)ŗĔ (GFI = 1.00; RMSEA < 0.001; AIC = 18.25) =¯ 7(ň����;8)\

N`*	dMMNõÕ� ROSZŜ (β = –0.48, p = 0.006) 
7, UHRŜ (β = –0.43, p = 

0.002) (

# GAF-F HE>(ŁøÝƫ=i�:�%=ň�#
9	1�fĂ$

fMMNõÕ�ROSZŜ(

#)2beAcC[\_e(Ýƫ=i� (β = –0.69, p < 

0.001)	UHR Ŝ(

#)2beAcC[\_e� GAF-F HE>(Ýƫ=i�:�

%=ň�#
: (β = 0.56, p < 0.001)� 
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¯ 7 ĉ5Ɨ¢Ù�Ƴ
\N`(
�: ROSZ Ŝ
7, UHR Ŝ$) dMMN	
fMMN	beAcC[\_e	GAF-F)Ơ�ç=ň��THųē¯�>HK_HB

7,ºř*ŘŴ¿Ŀċì  (p < 0.05) =ň��GAF-F, Global Assessment of 
Functioning-Functioning (ěŠ)�|ĿŹÂÌÙdŊyěŠƮ²)  

dMMN�

fMMN�

�
�����	
� GAF-F�

dMMN�

fMMN�

GAF-F�

ROSZ� (��
1a)�

UHR� (��
1b)�

–0.48	︎�

–0.22�

0.22�

–0.69	�

0.52	�

0.38�
0.09�

0.05�

–0.43	�

0.56	�
�
�����	
�
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4. ŝÇ 

� ĐŅŏ*Ř¢»ſĻĄčĝƥ(
�: dMMNdfMMN %�ŦĿŊyƗåaX`d

żńěŠ%)ƥÏĿ'ƠƑ(!
#ĕŵ��ĉ�)Ņŏ´§$	:�dMMNõÕ*	

�ÔŞ%ğ.# ROSZŜ${h�#
9	ROSZŜ
7, UHRŜ(

# dMMNõ

Õ�Ë�
/&�ŦĿŊyƗåaX`�{
%
�ċì'łƠ=ň���fĂ$

fMMN õÕ*	3 ŜƟ (ROSZ Ŝ	UHR Ŝ	HC Ŝ) $ċìÑ'�	ROSZ Ŝ(



#)2 fMMN õÕ�Ë�
/&beAcC[\_e�ƧÄ�;#
:%
�ċì'

łƠ=ň����;8)łƠųē)ŗĔ*	ČŪƝ=ŝï�#5/0£ė)ŗĔ��

�;���8(ĖƐĂōÚ\N_cC(79	MMN)õÕ�żńěŠ=t�#Ŋy

ƗåaX`(Ýƫ�:%
�ƥÏĿ'ƠƑ�	:%�:o�)në(��#	dMMN

)õÕ{h* ROSZ Ŝ% UHR Ŝ(�Ǝ�#ŊyƗåaX`(ŁøÝƫ�	fĂ$

fMMN )õÕ{h* ROSZ Ŝ(

#)2beAcC[\_e(Ýƫ�:�%�ň

�;����#	Ř¢»ſĻĄčĝƥ(

# dMMN% fMMN�żńěŠ
7,Ŋ

yƗåaX`%ĸ':ƠƑç=5!�%�ň�;�� 

 

4.1. Ř¢»ſĻ(
�:Ąčĝƥ)MMN 

� dMMN õÕ� ROSZ Ŝ$ HC Ŝ(ğ.#{h�#
:%
�ĐŅŏ)ŗĔ*	¸

�)�ŬŅŏ)ŗĔ(fŤ�#
9 (Atkinson et al., 2012; Koshiyama et al., 2017; 

Nagai et al., 2013a; Perez et al., 2014; Solis-Vivanco et al., 2014)	�Ŭ)[Kųē)ŗĔ
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%5fŤ�#
: (Haigh et al., 2017)�fĂ$ĐŅŏ$*	dMMNõÕ* UHRŜ$

HCŜ(ğ.#{h�:�¥(	:%
�ŗĔ$	 ��fƚ)�ŬŅŏ$* dMMN

õÕ� UHR Ŝ$ċì({h�:�%=ň�#
:fĂ$ (Atkinson et al., 2012; 

Carrion et al., 2015; Jahshan et al., 2012; Koshiyama et al., 2017; Nagai et al., 2013a; Perez 

et al., 2014; Shaikh et al., 2012; Shin et al., 2009; Solis-Vivanco et al., 2014)	�)�ŬŅŏ

$* dMMN õÕ� UHR Ŝ$ċì'{h�'
�%=ň�#
: (Atkinson et al., 

2017; Bodatsch et al., 2011; Higuchi et al., 2013)��;8)Ñĸ*Ņŏ��Ş)ŊyƗå

aX`)Ñĸ(7 #Ĳ�#
:¡Šç�	:�ĐŅŏŗĔ$ň�;�7�(	

dMMN *ŊyƗåaX`%łƠ�:�4	ŊyƗåaX`�Ƴ
 UHR Ŝ* dMMN

õÕ5¹�
�4(	�ÔŞ%)Ɵ(ċì'Ñ�28;'� �¡Šç�	:�ÃƦ

(	Atkinson8 (2017) )�ŬŅŏ$* UHRŜ) GAF*Ö± 55.5 (Ęĩ�Ñ 12.2) $

	9	ĐŅŏ) UHR)Ņŏ��Ş (GAF-SÖ± 51	Ęĩ�Ñ 10; GAF-FÖ± 52	Ę

ĩ�Ñ 11) 79ŊyƗåaX`�Ƴ� ��1� dMMN õÕ� ROSZ Ŝ% UHR Ŝ

%)Ɵ$ċì'Ñĸ�'
%
�ŗĔ*�ŬŅŏ)ŗĔ(fŤ�:5)$	9 

(Koshiyama et al., 2017; Nagai et al., 2013a; Solis-Vivanco et al., 2014)	ĐŅŏ) UHR)

��Ş)ŕ�þ�òŔŋĺŪ=�Č�#
:�%�8	ĐŅŏ) UHR)��Ş*ğ

ƉĿƜĻ'ĻĮ$	79 ROSZŜ(ƌ
Ŝ=ö�#
:�%=�Ć�#
:)�5�

;'
�7 #�;8)ŗĔ�8*	dMMN õÕ){h�	Ř¢»ſĻ)ĽĻ��

8¾°�:�%=ň�#
9	dMMN�Ř¢»ſĻ) trait marker%'9á:�%�
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ňª�;:� 

� fMMNõÕ� 3ŜƟ (ROSZŜ	UHRŜ	HCŜ) $ċì'Ñ�'
%
�ĐŅŏ

)ŗĔ*	¸�)�ŬŅŏ)ŗĔ(fŤ�#
9  (Bodatsch et al., 2011; 

Brockhaus-Dumke et al., 2005; Javitt et al., 2000; Koshiyama et al., 2017; Nagai et al., 

2013a; Salisbury et al., 2002; Todd et al., 2008; Umbricht et al., 2006)	ĭ( ROSZŜ% HC

Ŝ(Ñĸ�'
�%*[Kųē$5ň�;#
: (Haigh et al., 2017)�fĂ$	Ř¢

»ſĻ)îçč(

#* fMMN �{h�#
:�%�[Kųē$ň�;#
: 

(Erickson et al., 2016; Umbricht and Krljes, 2005)�7 #�;8)ŗĔ%ĐŅŏ)ŗĔ

�8Ř¢»ſĻĄčĝƥ$* fMMN õÕ*{h�#
8�	fMMN õÕ*Ř¢»ſ

ĻĽĻß({h�:%ŝ�8;��wg)ŗĔ*	�ŬŅŏ(79ăń)ńŰ$	9	

ĐŅŏ$�)ñŰ��İ�;�� 

 

4.2. dMMN%�ŦĿŊyƗåaX`)łƠ 

� dMMNõÕ� ROSZŜ
7, UHRŜ)Ř¢»ſĻ)Ąčĝƥ(

# GAF-FH

E>(79Ź~�;��ŦĿŊyƗåaX`%ƠƑ�:�%=ň��ĐŅŏ)ŗĔ

*�4#)´§$	9	îçč)Ř¢»ſĻèŞ=ÈƂ%���ŬŅŏŗĔ(fŤ�

#
: (Jahshan et al., 2012; Kiang et al., 2007; Kim et al., 2014; Lee et al., 2014; Light and 

Braff, 2005)����Ř¢»ſĻĄčĝƥ(
�:�ŬŅŏ)ŗĔ*fƃ�#
'
�

fƚ)�ŬŅŏ$*	ROSZŜ
7, UHRŜ(

# dMMN* GAFHE>%łƠ
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*28;'� �%´§�#
:� (Jahshan et al., 2012; Shin et al., 2009)	fĂ$�)

Ņŏ$* UHR Ŝ(

# dMMN �ŊyƗåaX`%łƠ�:%
�ŗĔ=´§�

#
: (Carrion et al., 2015)�Jahshan8 (2012) 
7, Shin8 (2009) )ŗĔ%ĐŅ

ŏŗĔ%)Ñĸ*ĳ
� GAF )SeG]c)Ɩ
(7:¡Šç�	:�ĐŅŏ$*

��Ĭ GAF (GAF-S % GAF-F) =ŊyƗåaX`)Ź~(ĳ
�����'�8

Jahshan 8 (2012) 
7, Shin 8 (2009) )�ŬŅŏ$* GAF-S % GAF-F )��H

E>�{
Ă)HE>= GAF HE>%�#÷ĳ�#
:���� #æç@UJe

P(
�:ƜĻ'ŔŋĻĮ (GAF-SHE>){h) � dMMN% GAF-F)ƠƑ=YH

B��¡Šç�	:%ŝ�8;:�ÃƦ(	Carrion 8 (2015) )�ŬŅŏ*	GAF

HE>$*'�	Global Functioning: Social and Global Functioning: Role (Cornblatt et al., 

2007) %
�ŊyěŠƮ²(ĭ���Ź~��HDe`=ĳ
#	UHR Ŝ(

#

dMMN �ŊyƗåaX`%łƠ�:%
�ĐŅŏ(fŤ��ŗĔ=´§�#
9	

Jahshan8 (2012) 
7, Shin8 (2009) )7�(ŔŋĻĮ(7 # dMMN%GAF-F

)ƠƑ�YHB�;:%
�Ýƫ=¬ƙ$�#
:%ŝ�8;:���# Shin 8 

(2009) ) UHRŜ$) dMMN� GAFHE>%łƠ�28;'� �%
�´§(



#*	ÈƂ) UHR)ŷĀ³ĩ( Comprehensive Assessment of At-Risk Mental States 

(CAARMS; Yung et al., 2005) %
�ĐŅŏ%*ĸ':³ĩ=ĳ
#
9	�8(Ŋy

ƗåaX`)ƧÄ�ĐŅŏ)UHR)Ņŏ��Ş (GAF-SÖ± 51	Ęĩ�Ñ 10; GAF-F

Ö± 52	Ęĩ�Ñ 11) 7966ƈÙ$ (GAFÖ± 54	Ęĩ�Ñ 7.4)	GAF)Ęĩ�
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Ñ5Ë�
���# UHR )Ņŏ��Şrþ� 16 ¤$	ĐŅŏ)ŕ��$	9	Ĩ

ÂĂģ*ŢĤ$'�	ŢŇ¯$ĨÂ�;#
:�7 #	ÈƂ)Ƙ�)Ñĸ	ŊyƗ

åaX`)ƧÄōÙ)Ñĸ	FcW`F?I)¹��	ĨÂĂģ)Ñĸ�ĐŅŏ%)

ŗĔ)Ɩ
(Ýƫ�#
:¡Šç�	:� 

 

4.3. fMMN%żńěŠ)łƠ 

� fMMN õÕ� ROSZ Ŝ(

#beAcC[\_e%ƠƑ��%
�ĐŅŏ)ŗ

Ĕ*	�;1$(Ưz)´§*m��	āűç�	:´§$	:�1� UHR Ŝ$

fMMN%beAcC[\_e�łƠ�'� �%
�´§�	9	�;8)ŗĔ*Đ

ŅŏŗĔ(fŤ�#
:  (Brockhaus-Dumke et al., 2005; Carrion et al., 2015)�

Brockhaus-Dumke8 (2005) )�ŬŅŏ$* UHR 43¤	Carrion8 (2015) )�ŬŅ

ŏ$* UHR 34¤����#
9	ĐŅŏ%/0£ōÙ)FcW`F?I$	:� 

 

4.4 dMMN% fMMN)çƅ)Ɩ
 

� ĖƐĂōÚ\N_cC(79 MMN �beAcC[\_e6�ŦĿŊyƗåaX

`(i�:Ýƫ*Ɠš�Ī)ŎƯ%ţØĺč(7 #ĸ':�%�ĐŅŏ(79�

4#ą8�(' ��ĭ( dMMN õÕ�Ř¢»ſĻ)ĽĻ��8�ŦĿŊyƗåa

X`(Ýƫ�:%
�ñŰ*	dMMN �Ř¢»ſĻĽĻ��8¾°�:ĺĿƔō=

�Ć�#
:¡Šç�	:�1�ĐŅŏŗĔ*	îçčŘ¢»ſĻèŞ$)�ŬŅŏ
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)ŗĔ�8ëÂ�;�	dMMN �żńěŠ=t�#ŊyƗåaX`(Ýƫ�:%


�xž(*��:ŗĔ%' � (Thomas et al., 2017)�Ř¢»ſĻ)ĽĻßĄčĝƥ(

ğ.#îçčŘ¢»ſĻèŞ$*	MMN)ƧÄ�Ɯ� (Erickson et al., 2016)	�8

(żńěŠ
7,�ŦĿŊyƗåaX`)ƧÄ5Ɯ
�%� (Ropcke et al., 2005)	�

;8)ŗĔ)Ñĸ(Ýƫ�#
:)�5�;'
�!19	MMN	żńěŠ	�Ŧ

ĿŊyƗåaX`�ĺč)ƒŬ%�(é��#
�k$�)Ơ�ç�¶��#
�

¡Šç�	9	�)ĕŸ(*sß)ŚĀŅŏ�äů$	:�'
 Thomas8 (2017) )

Ņŏ$* dMMN(!
#)2ſ.8;#
9	fMMN(!
#*ſ.8;#
8�	

ĐŅŏ(

# fMMN õÕ* ROSZ Ŝ(

#)2beAcC[\_e(Ýƫ�	

1�beAcC[\_e� UHRŜ(

#)2�ŦĿŊyƗåaX`(Ýƫ�:�

%�ą8�(�;��beAcC[\_e* ROSZ Ŝ${h�#
9	UHR Ŝ$*

{h�#
'� ��à # fMMN * ROSZ Ŝ(

#ƧÄ�;#
:beAcC

[\_e%ƠƑ�28;	UHR Ŝ(

#*beAcC[\_e�ƧÄ�;#
8

�	ƠƑ�28;'� �¡Šç�	:��;8)ñŰ�8	ROSZ Ŝ$28;�

fMMN%beAcC[\_e)łƠ*	Ř¢»ſĻĽĻß(Ĳ��ĺĿƔō=�Ć�

#
:¡Šç�	:%ŝ�8;:� 

� dMMN% fMMN)çƅ)Ɩ
*	�Ć�:ŋŖQMObeB)Ñĸ(ĵđ�:¡

Šç�	:�Lee 8* MMN %ÀƪćěŠĿ MRI )QMObeB%)ƠƑ=ſ.�

Ņŏ$	Ř¢»ſĻ)MMNõÕ){h(*	Auditory/somatomotor network	Ventral 
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attention network	Default networks�Ơi�#
:%�#
: (Lee et al., 2017)���

# dMMN % fMMN )jĂ� Auditory/somatomotor network (*Ơi�:�	dMMN

)2� Ventral attention network (Ơi�#
:�%=ą8�(�#
:�Ventral 

attention network* saliency (íŲ�Ī�ĥì=ŽÛ�:ĭç) =ó!�Ī)ê´�ı

(Ơi�:%ŝ�8;#
:�!19�)\N`(à�+	dMMN )Ř¢»ſĻ(


�:{h*	saliency =ó!�Ī)ê´�ı)¶�=�Ć�#
:%ŝ�8;	�

)7�'¶���ŦĿŊyƗåaX`{h(Ýƫ�#
:¡Šç�	:� 

 

4.5. ĐŅŏ)Ƣķ 

� ĐŅŏ)Ƣķ(!
# 3īƍ.:�1�ő 1(ĐŅŏŗĔ(
�:ČŪ)Ýƫ*Á

�(*Ƥ·�:�%*$�'
�l'łƠŗĔ*òŔŋĺŪČŪƝ=ŝï���łƠ

ųē(

#�)ċìç*��;��	ņÂĿ'ŗƀ(*ďČŪŮƲŞ$)ĕŵ�ä

ů$	:�ő 2(ĐŅŏ*ĚĀŅŏ$	9	MMN�żńěŠ
7,�ŦĿŊyƗå

aX`(­ĔƠ�=ċ�:�*ą8�($��	Éđ)ŚĀŅŏ(7:ųą�čÞ�

;:�ő 3(ĐŅŏ) UHRŜ)¸�*¹¿ĺƣ)·đ ŷ=Ŗ# SIPS$Ź~�;	

UHR (źÜ�:%�Ā�;�Ŝ$	9	ŕ�þ*ă(òŔŋĺŪ=ČŪ�#
:�

7 #	ĐŅŏ)ŮƲŞ$	: UHR Ŝ*	Ř¢»ſĻ)�Ʊč$ UHR łÜ��ď

 ŷ$ SIPS (79Ź~�;#
'
Ŝ=¦3Ğƨ®%�#ëÂ�;:Ŝ)k$	7

9ĻĮ�ƒŬ��Ŝ=ö�#
9	ĽĻßĄčŘ¢»ſĻŜ(ƌ
Ŝ$	:¡Šç�
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	:�!19FcW_cCS?>H�	:¡Šç�	9	ĐŅŏ$ň�;� UHRŜ

)ŗĔ=	ëÂ�;:Ğƨ®=vŭ�:ŗĔ%�#ö�:�%(*Ƣķ�	:�
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5. ŗƀ 

� dMMN * ROSZ Ŝ
7, UHR Ŝ(
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