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Supplementary Figure 1. Group comparison of cortical thickness between strictly defined ARMS-R and ARMS-NR
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Cortical statistical maps displaying reduced cortical thickness in the strictly defined ARMS-NR group (n = 12) compared with the strictly defined ARMS-R group (n = 31) controlling for age, sex, and scanning sites. The significance threshold was set at p < 0.05 (two-tailed and corrected by a Monte Carlo Simulation). Horizontal bar shows p-values corrected for multiple comparisons.


Supplementary Figure 2. The forest plots for the clusters that showed significant group differences between individuals with ARMS and healthy controls

Cohen’s d effect sizes ± standard errors for regional cortical thickness differences between individuals with ARMS and healthy controls. Effect sizes were corrected for sex and age. The forest plots for the clusters with significant group differences between individuals with ARMS and healthy controls are shown in Supplemental Figures S2a-i [(a) Cluster No.1, left superior temporal, (b) Cluster No.2, left frontal pole, (c) Cluster No.3, left insula, (d) Cluster No.4, right fusiform, (e) Cluster No.5, right superior frontal, (f) Cluster No.6, right precuneus, (g) Cluster No.7, left postcentral, (h) Cluster No.8, left precentral, and (i) Cluster No.9, right pericalcarine].
Abbreviations: ARMS, at-risk mental state


Supplementary Figure 2a
Cluster No.1, left superior temporal
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Supplementary Figure 2b
Cluster No.2, left frontal pole
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Supplementary Figure 2c
Cluster No.3, left insula
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Supplementary Figure 2d
Cluster No.4, right fusiform
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Supplementary Figure 2e
Cluster No.5, right superior frontal
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Supplementary Figure 2f
Cluster No.6, right precuneus
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Supplementary Figure 2g
Cluster No.7, left postcentral
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Supplementary Figure 2h
Cluster No.8, left precentral
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Supplementary Figure 2i
Cluster No.9, right pericalcarine
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Supplementary Figure 3. The forest plots for the clusters that showed significant group differences between ARMS-R and ARMS-NR

Cohen’s d effect sizes ± standard errors for regional cortical thickness differences between ARMS-R and ARMS-NR groups. Effect sizes were corrected for sex and age. The forest plot for the cluster with significant group differences between ARMS-R and ARMS-NR groups (Cluster No.10, right postcentral) is shown below.
Abbreviations: ARMS, at-risk mental state; ARMS-NR, non-resilient ARMS individuals; ARMS-R, resilient ARMS individuals


Cluster No.10, right postcentral
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Supplementary Figure 4. Unsupervised dimension reductions before and after combat harmonization
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　We conducted principal component analysis (PCA) to reduce the dimension of the cortical thickness measures in an unsupervised manner. We presented the projection of the data into first two PCA coordinates. The crosshairs were located at the center of gravity of each site cluster (shown in the same color).
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Supplementary Table S3 Group comparison of the cortical thickness values between the ARMS-R
and controls

ARMS-R (n = 77) HC (n = 104) Analysis of covariance
Region of intererst
(Male 39, Female 38) (Male 52, Female 52) Group
Mean SD Mean SD F (1, 180) p
Cluster No. 10, right postcentral 2.28 0.21 2.25 0.20 2.65 0.11

Abbreviations: ARMS, at-risk mental state; ARMS-R, resilient ARMS individuals; HC, healthy
controls
Age, sex, and scanning sites were entered as covariates.
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		Region of intererst 		ARMS-R (n = 77)				HC (n = 104)				Analysis of covariance

				(Male 39, Female 38)				(Male 52, Female 52)				Group

				Mean		SD		Mean		SD		F (1, 180)		p

		Cluster No.10, right postcentral		2.28		0.21		2.25		0.20		2.65		0.11

		Abbreviations: ARMS, at-risk mental state; ARMS-R, resilient ARMS individuals; HC, healthy controls

		Age, sex, and scanning sites were entered as covariates.
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Supplementary Table S4 Group comparison of the cortical thickness values between the ARMS-NR
and controls

ARMS-NR (n = 13) HC (n = 104) Analysis of covariance
Region of intererst
(Male 4, Female 9) (Male 52, Female 52) Group
Mean SD Mean SD F (1, 116) p
Cluster No.10, right postcentral 2.09 0.21 2.25 0.20 26.15  <0.001

Abbreviations: ARMS, at-risk mental state; ARMS-NR, non-resilient ARMS individuals; HC, healthy
controls
Age, sex, and scanning sites were entered as covariates.









Mean SD Mean SD F (1, 116) p

Cluster No.10, right postcentral 2.09 0.21 2.25 0.20

26.15 <0.001

Supplementary Table S4

 Group comparison of the cortical thickness values between the ARMS-NR

and controls

Age, sex, and scanning sites were entered as covariates.

Abbreviations: ARMS, at-risk mental state; ARMS-NR, non-resilient ARMS individuals; HC, healthy

controls

(Male 52, Female 52)

Analysis of covariance

Group

Region of intererst

ARMS-NR (n = 13)

(Male 4, Female 9)

HC (n = 104)


Microsoft_Excel_______3.xlsx
Sheet1

		Supplementary Table S4 Group comparison of the cortical thickness values between the ARMS-NR and controls


		Region of intererst 		ARMS-NR (n = 13)				HC (n = 104)				Analysis of covariance

				(Male 4, Female 9)				(Male 52, Female 52)				Group

				Mean		SD		Mean		SD		F (1, 116)		p

		Cluster No.10, right postcentral		2.09		0.21		2.25		0.20		26.15		<0.001

		Abbreviations: ARMS, at-risk mental state; ARMS-NR, non-resilient ARMS individuals; HC, healthy controls

		Age, sex, and scanning sites were entered as covariates.
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Supplementary Table 5 Group comparison of the cortical thickness values between the ARMS-P and
ARMS-NP

ARMS-P (n = 21) ARMS-NP (n = 72) Analysis of covariance
Region of intererst
(Male 7, Female 14) (Male 36, Female 36) Group
Mean SD Mean SD F (1, 92) p
Cluster No. 10, right postcentral 2.24 0.21 2.21 0.24 0.42 0.52

Abbreviations: ARMS, at-risk mental state; ARMS-NP, ARMS individuals who did not later develop
psychosis; ARMS-P, ARMS individuals who later developed psychosis
Age, sex, and scanning sites were entered as covariates.
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		Region of intererst 		ARMS-P (n = 21)				ARMS-NP (n = 72)				Analysis of covariance

				(Male 7, Female 14)				(Male 36, Female 36)				Group

				Mean		SD		Mean		SD		F (1, 92)		p

		Cluster No.10, right postcentral		2.24		0.21		2.21		0.24		0.42		0.52
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		Age, sex, and scanning sites were entered as covariates.
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Supplementary Table 6 Group comparison of the harmonized cortical thickness values between the

ARMS and control subjects

HC (n = 104) whole ARMS (n = 107)  Analysis of covariance
Region of intererst (Male 52, Female 52) (Male 49, Female 58) Group
Mean SD Mean SD F (1, 210) p
Cluster No.1, left superior temporal 3.11 0.15 2.97 0.17 4552 <0.001
Cluster No.2, left frontal pole 2.86 0.14 2.74 0.15 59.96  <0.001
Cluster No.3, left insula 2.85 0.16 2.73 0.17 37.16 <0.001
Cluster No.4, right fusiform 3.03 0.14 2.88 0.16 58.17  <0.001
Cluster No.5, right superior frontal 2.96 0.20 2.83 0.19 3336  <0.001
Cluster No.6, right precuneus 2.83 0.18 2.71 0.18 28.777  <0.001
Cluster No.7, left postcentral 1.72 0.12 1.82 0.14 2536  <0.001
Cluster No.8, left precentral 1.79 0.14 1.91 0.13 34.60 <0.001
Cluster No.9, right pericalcarine 1.61 0.14 1.73 0.18 2527  <0.001

Abbreviations: ARMS, at-risk mental state; HC, healthy controls

Age and sex were entered as covariates.
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25.27 <0.001
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				(Male 52, Female 52)				(Male 49, Female 58)				Group

				Mean		SD		Mean		SD		F (1, 210)		p

		Cluster No.1, left superior temporal		3.11		0.15		2.97		0.17		45.52		<0.001

		Cluster No.2, left frontal pole		2.86		0.14		2.74		0.15		59.96		<0.001

		Cluster No.3, left insula		2.85		0.16		2.73		0.17		37.16		<0.001

		Cluster No.4, right fusiform		3.03		0.14		2.88		0.16		58.17		<0.001

		Cluster No.5, right superior frontal		2.96		0.20		2.83		0.19		33.36		<0.001

		Cluster No.6, right precuneus		2.83		0.18		2.71		0.18		28.77		<0.001

		Cluster No.7, left postcentral		1.72		0.12		1.82		0.14		25.36		<0.001

		Cluster No.8, left precentral		1.79		0.14		1.91		0.13		34.60		<0.001

		Cluster No.9, right pericalcarine		1.61		0.14		1.73		0.18		25.27		<0.001

		Abbreviations: ARMS, at-risk mental state; HC, healthy controls

		Age and sex were entered as covariates.
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Supplementary Table 7 Group comparison of the harmonized cortical thickness values between the
ARMS-R and ARMS-NR

ARMS-R (n = 77) ARMS-NR (rn = 13) Analysis of covariance
Region of intererst (Male 39, Female 38) (Male 4, Female 9) Group
Mean SD Mean SD F (1, 89) p
Cluster No.10, right postcentral 2.28 0.14 2.04 0.13 33.43 <0.001

Abbreviations: ARMS, at-risk mental state; ARMS-NR, non-resilient ARMS individuals; ARMS-R,
resilient ARMS individuals
Age and sex were entered as covariates.
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		Region of intererst 		ARMS-R (n = 77)				ARMS-NR (n = 13)				Analysis of covariance

				(Male 39, Female 38)				(Male 4, Female 9)				Group

				Mean		SD		Mean		SD		F (1, 89)		p

		Cluster No.10, right postcentral		2.28		0.14		2.04		0.13		33.43		<0.001

		Abbreviations: ARMS, at-risk mental state; ARMS-NR, non-resilient ARMS individuals; ARMS-R, resilient ARMS individuals

		Age and sex were entered as covariates.
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Cohen'd Cohen'd
Study or Subgroup Cohen'd SE Weight 1V, Random, 95% ClI IV, Random, 95% ClI
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Test for overall effect: Z = 7.16 (P < 0.00001)
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Cohen'd Cohen'd
Study or Subgroup Cohen'd SE Weight 1V, Random, 95% ClI IV, Random, 95% ClI
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Supplementary Table 1 Magnetic resonance imaging protocols for 4 scanning sites

Site Scanner Field Strength (Tesla) | TR/TE (ms) [Slice Thickness (mm) | Voxel Dimensions (mm) |Sequence
Toyama University Hospital Siemens Magnetom Vision 1.5 24.0/5.0 1.0 1.0x1.0x 1.0 3D-FLASH
Toho University Hospital Toshiba EXCELART Vantage |1.5 24.4/5.5 1.0 0.98 x 0.98 x 1.0 3D-FE
Tohoku University Hospital Phillips Achieva 1.5 30.0/5.0 1.0 1.0 x1.0x 1.0 3D-FFE
The University of Tokyo Hospital | GE Signa 3 6.80/1.94 1.0 0.9375 x 0.9375x 1.0 |3D-FSPGR

Abbreviations: 3D-FLASH, 3-dimensional fast low-angle shots with gradient echo; 3D-FSPGR, 3-dimensional Fourier- transform fast-spoiled gradient recalled
acquisition with steady state; 3D-FE, 3-dimensional field echo; 3D-FFE, 3-dimensional fast field echo; TR/TE, repetition time/echo time









Site Scanner Field Strength (Tesla) TR/TE (ms) Slice Thickness (mm) Voxel Dimensions (mm) Sequence

Toyama University Hospital Siemens Magnetom Vision 1.5 24.0/5.0 1.0 1.0 × 1.0 × 1.0 3D-FLASH

Toho University Hospital Toshiba EXCELART Vantage 1.5 24.4/5.5 1.0 0.98 × 0.98 × 1.0 3D-FE

Tohoku University Hospital Phillips Achieva 1.5 30.0/5.0 1.0 1.0 × 1.0 × 1.0 3D-FFE

The University of Tokyo Hospital GE Signa 3 6.80/1.94 1.0 0.9375 × 0.9375 × 1.0 3D-FSPGR

Supplementary Table 1 Magnetic resonance imaging protocols for 4 scanning sites

Abbreviations: 3D-FLASH, 3-dimensional fast low-angle shots with gradient echo; 3D-FSPGR, 3-dimensional Fourier- transform fast-spoiled gradient recalled

acquisition with steady state; 3D-FE, 3-dimensional field echo; 3D-FFE, 3-dimensional fast field echo; TR/TE, repetition time/echo time
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		Supplementary Table 1 Magnetic resonance imaging protocols for 4 scanning sites

		Site		Scanner		Field Strength (Tesla)		TR/TE (ms)		Slice Thickness (mm)		Voxel Dimensions (mm)		Sequence

		Toyama University Hospital		Siemens Magnetom Vision		1.5		24.0/5.0		1.0		1.0 × 1.0 × 1.0		3D-FLASH

		Toho University Hospital		Toshiba EXCELART Vantage		1.5		24.4/5.5		1.0		0.98 × 0.98 × 1.0		3D-FE

		Tohoku University Hospital		Phillips Achieva		1.5		30.0/5.0		1.0		1.0 × 1.0 × 1.0		3D-FFE

		The University of Tokyo Hospital		GE Signa		3		6.80/1.94		1.0		0.9375 × 0.9375 × 1.0		3D-FSPGR

		Abbreviations: 3D-FLASH, 3-dimensional fast low-angle shots with gradient echo; 3D-FSPGR, 3-dimensional Fourier- transform fast-spoiled gradient recalled acquisition with steady state; 3D-FE, 3-dimensional field echo; 3D-FFE, 3-dimensional fast field echo; TR/TE, repetition time/echo time
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Supplementary Table 2 Univariate linear regression analyses of the determinants associated with CAARMS, SOPS, BACS subscores

Variable Coefficient SE Test Statistic P-Value
CAARMS subscores (n = 50)
Unusual thought global rating scale 1.767 1.083 1.631 0.109
Unusual thought frequency scale 1.748 0.973 1.797 0.079
Perceptual abnormalities global rating scale -0.276 0.976 -0.283 0.779
Perceptual abnormalities frequency scale 1.135 0.861 1.318 0.194
Disorganized speech global rating scale -0.653 1.184 -0.552 0.584
Disorganized speech frequency scale -0.182 0.681 -0.267 0.791
SOPS subscores (n = 39)
Unusual thought content/delusional ideas -1.241 1.378 -0.901 0.374
Suspiciousness/persecutory ideas 0.147 1.768 0.083 0.934
Grandiose ideas 1.717 1.865 0.921 0.363
Perceptual abnormalities/hallucinations -0.330 1.291 -0.255 0.800
Disorganized communication 1.625 1.447 1.123 0.269
BACS subscores (n = 63)
Verbal memory 0.198 0.150 1.322 0.191
Digit sequencing task 0.160 0.294 0.545 0.588
Token motor task 0.104 0.104 0.996 0.323
Verbal fluency 0.243 0.107 2.273 0.027
Tower of London -0.023 0.640 -0.035 0.972
Symbol coding 0.152 0.096 1.583 0.119

Abbreviations: BACS, Japanese version of the Brief Assessment of Cognition in Schizophrenia; CAARMS, comprehensive assessment of at-
risk mental states; SOPS, the scale of prodromal symptoms
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		Supplementary Table 2 Univariate linear regression analyses of the determinants associated with CAARMS, SOPS, BACS subscores

		Variable		Coefficient		SE		Test Statistic		P-Value

		CAARMS subscores  (n = 50)

		     Unusual thought global rating scale		1.767		1.083		1.631		0.109

		     Unusual thought frequency scale		1.748		0.973		1.797		0.079

		     Perceptual abnormalities global rating scale		-0.276		0.976		-0.283		0.779

		     Perceptual abnormalities frequency scale		1.135		0.861		1.318		0.194

		     Disorganized speech global rating scale		-0.653		1.184		-0.552		0.584

		     Disorganized speech frequency scale		-0.182		0.681		-0.267		0.791

		SOPS subscores  (n = 39)

		     Unusual thought content/delusional ideas		-1.241		1.378		-0.901		0.374

		     Suspiciousness/persecutory ideas		0.147		1.768		0.083		0.934

		     Grandiose ideas		1.717		1.865		0.921		0.363

		     Perceptual abnormalities/hallucinations		-0.330		1.291		-0.255		0.800

		     Disorganized communication		1.625		1.447		1.123		0.269

		BACS subscores (n = 63)

		     Verbal memory		0.198		0.150		1.322		0.191

		     Digit sequencing task		0.160		0.294		0.545		0.588

		     Token motor task		0.104		0.104		0.996		0.323

		     Verbal fluency		0.243		0.107		2.273		0.027

		     Tower of London		-0.023		0.640		-0.035		0.972

		     Symbol coding		0.152		0.096		1.583		0.119

		Abbreviations: BACS, Japanese version of the Brief Assessment of Cognition in Schizophrenia; CAARMS, comprehensive assessment of at-risk mental states; SOPS, the scale of prodromal symptoms







Multiple

		Supplemental Table S2 Multiple linear regression analysis of the determinants associated with BACS-J, CAARMS, and SOPS subscores

		Variable		Coefficient		SE		Test Statistic		P Value

		BACS-J subscores (n = 63)

		     Verbal memory		0.117		0.205		0.571		0.571

		     Digit sequencing task		-0.295		0.382		-0.771		0.444

		     Token motor task		0.060		0.124		0.480		0.633

		     Verbal fluency		0.207		0.154		1.347		0.183

		     Tower of London		-0.016		0.732		-0.021		0.983

		     Symbol coding		0.039		0.132		0.293		0.770

		CAARMS subscores  (n = 50)

		     Unusual thought global rating scale		1.579		1.362		1.159		0.253

		     Unusual thought frequency scale		0.780		1.242		0.628		0.533

		     Perceptual abnormalities global rating scale		-1.075		1.249		-0.860		0.394

		     Perceptual abnormalities frequency scale		1.381		1.095		1.261		0.214

		     Disorganized speech global rating scale		-1.250		1.531		-0.817		0.419

		     Disorganized speech frequency scale		0.073		0.861		0.085		0.933

		SOPS subscores  (n = 39)

		     Unusual thought content/delusional ideas		-2.759		1.885		-1.464		0.153

		     Suspiciousness/persecutory ideas		1.218		2.024		0.602		0.551

		     Grandiose ideas		2.138		2.244		0.953		0.348

		     Perceptual abnormalities/hallucinations		-0.513		1.796		-0.286		0.777

		     Disorganized communication		2.186		1.693		1.291		0.206

		Abbreviations: BACS-J, Japanese version of the Brief Assessment of Cognition in Schizophrenia; CAARMS, comprehensive assessment of at-risk mental states; SOPS, the scale of prodromal symptoms








