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0.  

 (MMN) 

	MMN

duration MMN (dMMN) frequency MMN (fMMN) 

	 dMMN fMMN

dMMN

	

dMMN
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1.  

1.1.  

 (van Os and 

Kapur, 2009)	 0.8 %  (Hafner 

and an der Heiden, 1997)	 3

3 4

 (van Os and Kapur, 2009)	

 (the global burden of disease)  (disability-adjusted 

life-years; DALYs)  (disability weights) 

220  

(Salomon et al., 2012)	

	

	

 (Aquila and Citrome, 

2015; Iwata et al., 2015; Kaneko and Keshavan, 2012; Nielsen et al., 2015)	
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1.2.  

	

 (Dickinson et al., 2007; Saykin et al., 

1991; Saykin et al., 1994)	 Green

 ( )  (

)  (

)  (

)  ( ) 

 (Green et al., 2008)	

 (Green et 

al., 2018)	 Green

 (Green, 1996; 

Green et al., 2000)	
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1.3.  

	

 

(Tandon et al., 2009; Insel. 2010)	

 (Tandon et al., 2009)	

	 

 

 

1  

 

1.4.  
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 (Crumlish et al., 2009: 

Birchwood et al., 1998)	

 (Perkins et al., 2005; 

Marshall et al., 2005)	

 (Ultra-high risk, UHR) 

 (McGorry 

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

2005)	 

UHR Structured 

Interview for Prodromal Symptoms (SIPS)  

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

(attenuated psychotic syndrome, APS) 2.  (brief intermittent 

psychotic syndrome, BIPS) 3.  (genetic risk and deterioration 

syndrome, GRDS) 	 1

3

	

1  (Global Assessment of 

Functioning, GAF) 30%
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1

 (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 

DSM-IV) 

	UHR 6 18 % 1 22 %  2 29 %

3 36 %  

(Fusar-Poli et al., 2012)	 

 

1.5.  

	

	

	

	 

 ( ) 
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 (Hashimoto, 2016)	

	

 (magnetic resonance imaging, MRI) 

 ( )

 ( )  

(Okada et al., 2016; Shenton et al., 2001)	

	  

(prepulse inhibition: PPI) P300

 (mismatch negativity, MMN)  

(auditory steady-state response: ASSR)  (Keshavan et al., 

2008)	 

MMN

 (Gil-da-Costa et al., 2013; Light and 

Näätänen, 2013)
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(Light and Braff, 2005; Thomas et al., 2017)

	 

 

1.6.  (MMN) 

1.6.1. MMN 

 (event-related potential) 

	MMN

	

 ( )  ( ) 

	

	

MMN  ( 2)	MMN

100 200 ms 	MMN

duration MMN (dMMN)

frequency 

MMN (fMMN) 	 

MMN  (pre-attemtive) 

1978 Näätänen  
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(Näätänen et al., 1978)	

MMN

	 Phillips

MMN

 (Phillips et al., 

2015)	  (expectancy input) 

 (prediction error) 

 (predictive cording) MMN predictive 

cording 	 

 

 

2  (MMN) 

0	 1	 2	

0	

2	

–2	

–4	

4	
μV	

–100	 0	 100	 200	 300	 400	 (ms)	

	
		

	
		

0	

2	

–2	

–4	

4	

–100	 0	 100	 200	 300	 400	 (ms)	

		
MMN 	

( )	
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1.6.2. MMN  

Shelly

MMN

MMN 1991

 (Shelly et al. 1991)	 1990 2000

 (Catts et al., 1995; Javitt et al., 1993) Kasai

dMMN  (Kasai et al., 1999)	

2005

MMN dMMN effect size (Cohen’s d) 1.01 fMMN

effect size 0.47  (Umbricht and Krljes, 2005)	 Erickson

dMMN effect size

0.94 fMMN effect size 0.72  (Erickson et al., 

2016)	 

MMN effect size

	 MMN

effect size 0.37

 (Erickson et al., 2016)	

P300 effect size MMN
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 (postraumatic stress disorder: PTSD) 

 (Araki et al., 2005; Light et al., 

2012; O'Donnell et al., 2004)	 PPI ASSR effect size

ASSR

 (Edgar et al., 2016; Isomura et al., 2016; Light et 

al., 2012; Thuné et al., 2016)	 

N-methyl-D-aspartate (NMDA) 

NMDA

 (Coyle, 2006; Javitt, 2007; Kantrowitz and Javitt, 2010)	

MMN MMN NMDA

 (Javitt et al., 1996; Umbricht et al., 2000)	 

MMN functional MRI

 (Yamasue et al., 2004; Youn et al., 2003)	Salisbury

MMN

1.5 MMN

 (Salisbury et al., 2007)	

MMN  (Opitz et al., 
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2002) MMN

 (Rasser et al., 2011)	

MMN  

(Rissling et al., 2014; Takahashi et al., 2013)	 MMN

 (Garrido et al., 

2008)	Dima dynamic causal modeling

 (Dima et al., 2012)	 MMN

	 

 

1.6.3. MMN  

dMMN UHR

fMMN

UHR  (Nagai et al., 2013a; Nagai 

et al., 2013b)	 dMMN

fMMN  

(Haigh et al., 2017)	 dMMN UHR

fMMN



 

17 
 

dMMN fMMN

	 

 

1.6.4. MMN  

MMN

	 dMMN

 (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)	 

dMMN

dMMN fMMN IQ

 (Kaur et al., 2011; Salisbury et al., 2017)	 UHR

dMMN fMMN

 (Carrion et al., 2015)	

dMMN fMMN
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1.6.5 MMN  

dMMN

 (Thomas et al., 2017)	Thomas  (2017) 

	

	

	

	

	

	 Thomas  (2017) dMMN P300

reorienting negativity early auditory 

information processing

1415

	 early auditory information processing

dMMN P300 reorienting negativity dMMN
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1.7.  

Thomas  (2017) dMMN

	 MMN

	

MMN 	

dMMN fMMN

	

MMN dMMN

fMMN

	 UHR

dMMN dMMN

UHR fMMN

fMMN dMMN

	 dMMN

fMMN



 

20 
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2.  

2.1.  

 (recent-onset schizophrenia, ROSZ) 26  ( 14

12 ) UHR 30  ( 15 15 )  (healthy Control, HC) 

20  ( 10 10 )  ( 1)	 35

 (Koshiyama et al. 2017)	ROSZ UHR

	ROSZ

UHR

	

	

2 	

	

 (No. 629 2226)	 

UHR ROSZ

	

3 	

 (http://plaza.umin.ac.jp/arms-ut/) 
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	2008 9 2014 12

294  ( : 147

147 ) 15 19 122  (41 %) 20 24 73  

(25 %) 10 14 27  (9 %) 10

	 87  (30 %) 191  (65 %)

10  (3 %) 	

133  (45 %) UHR ROSZ 

35  (26 %) 	SIPS UHR (19 14 %) 

79 % APSS 11 %

GRDS 5 % BIPS

APSS GRDS 5 % 	DSM-IV

 ( ) 60

ROSZ 16  (12 %) 	

	 

IQ Japanese version of National Adult Reading Test  

(Matsuoka and Kim, 2006)	ROSZ UHR

 (Positive and Negative Syndrome Scale, PANSS)  (Kay et al., 

1987)	24 ROSZ 16 UHR

 (Inada and 
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Inagaki, 2015)	  



 

24 
 

1  

 
ROSZ UHR HC  

 ( / )a 26 (14/12) 30 (15/15) 20 (10/10) χ2 = 0.10, df = 2, p = 0.95 
b 23.9 (6.4) 20.8 (4.0) 23.0 (5.0) F2,73= 2.70, p = 0.07 

b 13.1 (2.7) 13.0 (2.6) 14.7 (3.0) F2,73 = 2.49, p = 0.09 
IQb 104 (9.5) 105 (8.7) 108 (8.9) F2,73 = 1.10, p = 0.34 
 ( ) 40.1 (39.6) 

   
 ( ) 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 
 

(mg/day)c 
466 (355) 107 (148) 

 
t32.5 = 4.81, p < 0.001 

 ( ) 	a χ2 b one-way analysis 
of variance (ANOVA) c t 	p < 0.05 	

	ROSZ, recent-onset schizophrenia ( ); UHR, 
ultra-high risk ( ); HC, healthy control ( ); IQ, intelligence quotient; 
PANSS, positive and negative syndrome scale ( )  



 

25 
 

2  

 
ROSZ 

 (Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition, DSM-IV)  

15–40  
60  

UHR 
Structured Interview for Prodromal Symptoms (SIPS) UHR  
15–30  

16  
HC 

15–40  
1 DSM-� �  

 ( ) 
  
 5  
  
 IQ 70  
  
 Audiometer  ( 1000 Hz 30 dB 4000 Hz 40dB 
  sound pressure level)  
ROSZ, recent-onset schizophrenia ( ); UHR, ultra-high risk (

); HC, healthy control ( ); IQ, intelligence quotient 
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2.2.  

 (Global Assessment of Functioning scale, GAF) 

 (Global Assessment of Functioning-Symptom, 

GAF-S)  (Global Assessment of Functioning-Functioning, GAF-F) 

 (Eguchi et al., 2015; Pedersen et al., 2007)	GAF 0 100

	 

 

2.3.  

 (Brief Assessment of Cognition in Schizophrenia, 

BACS)  (BACS-J)  (Kaneda et al., 2007; 

Keefe et al., 2004)	BACS-J

6 	

BACS-J

	 

 

2.4.  

dMMN 2  ( 2000 ) 
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	dMMN  (1000 Hz, 50 ms

90 %)  (1000 Hz, 100 ms 10 %) 

	 fMMN 2  ( 2000 ) 

	fMMN  (1000 Hz, 50 

ms 90 %)  (1200 Hz, 50 ms 10 %) 

	 80 dB 1 ms rise/fall time

500 ms 	 dMMN fMMN

fMMN dMMN

	

	 

64-channel Geodesic EEG System (Electrical Geodesics Inc, Eugene, OR) 

	 vertex 50 kΩ

500 Hz 0.1 – 100 

Hz 	 

 

2.5.  

EEGLAB  (Delorme and Makeig, 2004)	

0.1 – 20 Hz

100 ms 500 ms
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	±100µV 	

MMN 	 

MMN FCz 7  ( 3)	

dMMN 135 205 ms  (Light 

and Braff, 2005; Michie et al., 2002) fMMN 100 200 ms 

 (Hirayasu et al., 1998; Salisbury et al., 2002)	 

 

 
3 MMN FCz 7 	 dMMN
 ( ) fMMN  ( )	  

µV�
3�

1.5�

–1.5�

–3�

0�

dMMN� fMMN�
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2.6.  

SPSS (ver. 23.0.0.0, IBM Corp., Armonk, NY) Amos (version 

24.0.0.0, IBM Corp., Armonk, NY) 	  (ROSZ, UHR, HC) 

χ2 one-way analysis of variance (ANOVA)

t 	Post hoc 	 

ROSZ UHR MMN GAF Pearson

 (r) 	 ROSZ UHR HC MMN

BACS-J Pearson  (r) 	

MMN GAF BACS-J

	 

MMN

	 MMN

GAF BACS-J 	

ROSZ UHR

	 ROSZ

UHR
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	 ROSZ UHR

	 goodness of fit index (GFI)

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

(AIC)  (Akaike, 1974; McDonald, 1989)	

p < 0.05 	 
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3.  

3.1.  

1 	ROSZ UHR HC  (χ2 = 0.10, 

df = 2, p = 0.95)  (F2,73= 2.70, p = 0.07)  (F2,73 = 2.49, p = 0.09)

IQ (F2,73 = 1.10, p = 0.34) 	ROSZ

40.1  ( 39.6 ) 22.3  ( 33.2 ) 	

ROSZ UHR PANSS 	

ROSZ 466mg ( 355mg) UHR 107mg ( 148mg) 

ROSZ  (t32.5 = 4.81, p < 0.001)	 

 

3.2.  

3 	ROSZ UHR

GAF-S GAF-F ROSZ UHR

	 

 

3.3.  

3 	ROSZ UHR HC

BACS-J  (

) 	Post hoc
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UHR ROSZ  (p < 0.001)  (p 

= 0.02)  (p = 0.008)  (p < 0.001) 	

HC ROSZ  (p < 0.001)  (p = 

0.001)  (p < 0.001)  (p < 0.001)  (p = 

0.005)  (p < 0.001)  (p = 0.03) 	

HC UHR  (p = 0.03)  (p = 0.04) 

	 

 

3  

 
ROSZ UHR HC  

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 (z )b 
    

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

 ( ) 	a t b one-way analysis of variance 
(ANOVA) 	  (p < 0.05) 	ROSZ, 
recent-onset schizophrenia ( ); UHR, ultra-high risk (

); HC, healthy control ( ); GAF-S, Global Assessment of Functioning-Symptom 
( ); GAF-F, Global Assessment of 
Functioning-Functioning ( ) BACS-J, Brief 
Assessment of Cognition in Schizophrenia: validation of the Japanese version (

) 

 



 

33 
 

3.4. MMN 

MMN 4 	dMMN ROSZ UHR HC 3

 ( 4)	Post hoc HC ROSZ

dMMN  (p = 0.01) HC UHR dMMN

 (p = 0.09)	ROSZ UHR  (p = 0.64) 

	fMMN ROSZ UHR HC 3

	 

 

 
4 dMMN ( ) fMMN ( ) 	dMMN 135 205 

ms ( ) fMMN 100 200 ms ( ) 
	 ROSZ UHR HC 	

one-way analysis of variance (ANOVA)  (p < 0.05) 
	ROSZ, recent-onset schizophrenia ( ); UHR, 

ultra-high risk ( ); HC, healthy control ( ) 

  

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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dMMN fMMN

	

	

	(ms) 	(ms)
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4    MMN  

 
ROSZ UHR HC  

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 

 ( ) 	one-way analysis of variance (ANOVA)
	 p < 0.05 	 	ROSZ, 

recent-onset schizophrenia ( ); UHR, ultra-high risk (
); HC, healthy control ( ) 

 

3.5. MMN  

MMN 5 5 	

dMMN ROSZ GAF-S  (r = –0.42, p = 0.03) GAF-F

 (r = –0.45, p = 0.02) 	dMMN UHR

GAF-F  (r = –0.37, p = 0.046) GAF-S  (r = –0.19, p = 

0.33) 	fMMN ROSZ BACS-J

 (r = –0.57, p = 0.002)  (r = –0.41, 

p = 0.04) 	fMMN UHR BACS-J

	 dMMN fMMN HC

BACS-J 	 

ROSZ dMMN (r = 0.47, p = 0.02) fMMN (r = 0.44, p = 

0.02)  (r = –0.59, p = 0.001) 	

ROSZ dMMN GAF-S

 (r = –0.46, p = 0.02) dMMN GAF-F  (r = –0.49, p = 0.01)
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fMMN  (r = –0.43, p = 0.03) 

	ROSZ fMMN

 (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 MMN GAF BACS ROSZ 	 UHR

 (p < 0.05) ROSZ, recent-onset schizophrenia (
); UHR, ultra-high risk ( ); GAF-S, Global 

Assessment of Functioning-Symptom ( ); GAF-F, Global 
Assessment of Functioning-Functioning ( ) 
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3.6.  

	dMMN	fMMN	 	 	

GAF-F 	ROSZ UHR

ROSZ UHR 	

dMMN	fMMN	 	GAF-F 6

1 ROSZ UHR  (GFI = 

0.99 RMSEA < 0.001 AIC = 37.19)	  (RMSEA > 0.1)   
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6 GAF-F, Global Assessment of 
Functioning-Functioning ( )  

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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1 ROSZ UHR 	fMMN

GAF-F

2 ROSZ UHR 1

2

 (GFI = 0.99; RMSEA < 0.001; AIC = 37.19) 

 (GFI = 0.86; RMSEA = 0.22; AIC = 50.08) 

ROSZ UHR dMMN	fMMN	 	GAF-F

	ROSZ UHR ROSZ

1  (GFI = 0.98; RMSEA < 0.001; AIC = 18.93) UHR

1  (GFI = 1.00; RMSEA < 0.001; AIC = 18.25) 7

	dMMN ROSZ  (β = –0.48, p = 0.006) UHR  (β = –0.43, p = 

0.002) GAF-F 	

fMMN ROSZ  (β = –0.69, p < 

0.001)	UHR GAF-F

 (β = 0.56, p < 0.001)  
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7 ROSZ  UHR dMMN	
fMMN	 	GAF-F

 (p < 0.05) GAF-F, Global Assessment of 
Functioning-Functioning ( )  

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.  

dMMN fMMN

dMMN 	

ROSZ 	ROSZ UHR dMMN

fMMN 	3  (ROSZ 	UHR 	HC ) 	ROSZ

fMMN

	

	MMN

	dMMN

ROSZ UHR 	

fMMN ROSZ

	 dMMN fMMN

 

 

4.1. MMN 

dMMN ROSZ HC 	

 (Atkinson et al., 2012; Koshiyama et al., 2017; 

Nagai et al., 2013a; Perez et al., 2014; Solis-Vivanco et al., 2014)	
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 (Haigh et al., 2017) 	dMMN UHR

HC dMMN

UHR  (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)	

dMMN UHR  (Atkinson et al., 

2017; Bodatsch et al., 2011; Higuchi et al., 2013)

	

dMMN 	 UHR dMMN

	

	Atkinson  (2017) UHR GAF 55.5 ( 12.2) 

	 UHR  (GAF-S 51	 10; GAF-F 52	

11) dMMN ROSZ UHR

 

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

	 UHR

	 ROSZ

	dMMN 	

	dMMN trait marker
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fMMN 3  (ROSZ 	UHR 	HC ) 

	  (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)	 ROSZ HC

 (Haigh et al., 2017) 	

fMMN  

(Erickson et al., 2016; Umbricht and Krljes, 2005)

fMMN 	fMMN

	 	

 

 

4.2. dMMN  

dMMN ROSZ UHR GAF-F

	

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

Braff, 2005)

	ROSZ UHR dMMN GAF
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 (Jahshan et al., 2012; Shin et al., 2009)	

UHR dMMN

 (Carrion et al., 2015) Jahshan  (2012)  Shin  (2009) 

GAF

GAF (GAF-S GAF-F) 

Jahshan  (2012)  Shin  (2009) GAF-S GAF-F

GAF

 (GAF-S ) dMMN GAF-F

	Carrion  (2015) 	GAF

	Global Functioning: Social and Global Functioning: Role (Cornblatt et al., 

2007) 	UHR

dMMN 	

Jahshan  (2012)  Shin  (2009) dMMN GAF-F

Shin  

(2009) UHR dMMN GAF

	 UHR Comprehensive Assessment of At-Risk Mental States 

(CAARMS; Yung et al., 2005) 	

UHR  (GAF-S 51	 10; GAF-F

52	 11)  (GAF 54	 7.4)	GAF
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UHR 16 	 	

	 	 	

	 	

 

 

4.3. fMMN  

fMMN ROSZ

	 	 UHR

fMMN 	

 (Brockhaus-Dumke et al., 2005; Carrion et al., 2015)

Brockhaus-Dumke  (2005) UHR 43 	Carrion  (2015) 

UHR 34 	  

 

4.4 dMMN fMMN  

MMN

dMMN

	dMMN
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	dMMN

 (Thomas et al., 2017)

	MMN  (Erickson et al., 2016)	

 (Ropcke et al., 2005)	

	MMN	 	

	 Thomas  (2017) 

dMMN 	fMMN 	

fMMN ROSZ 	

UHR

ROSZ 	UHR

fMMN ROSZ

	UHR

	 	ROSZ

fMMN 	

 

dMMN fMMN 	

Lee MMN MRI

	 MMN 	Auditory/somatomotor network	Ventral 
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attention network	Default networks  (Lee et al., 2017)

dMMN fMMN Auditory/somatomotor network 	dMMN

Ventral attention network Ventral 

attention network saliency ( ) 

	dMMN

	saliency 	

 

 

4.5.  

3 1

	

2 	MMN

	

3 UHR SIPS 	

UHR 	

	 UHR 	 UHR

SIPS 	
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	 UHR
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5.  

dMMN ROSZ UHR 	

fMMN ROSZ

	dMMN 	

	fMMN

	

dMMN 	
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6.  
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functioning is specific to duration deviance in early stages of psychosis
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