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Fig. S1. Changes in clinical symptom scores across time points. (A) PANSS-N scores trajectories across baseline (T1), post-intervention (T2), and two-week follow-up (T3) in the active group (orange) and sham group (green). Wilcoxon signed-rank tests revealed significant reductions at all post-baseline time points (T2 vs. T1: p = 0.006; T3 vs. T1: p < 0.001; T2 vs. T3: p = 0.003). A similar pattern of reduction was observed om sham group (T2 vs. T1: p = 0.02; T3 vs. T1: p < 0.001; T2 vs. T3: p = 0.002). (B) SANS scores trajectories in both patient groups. In the active group, SANS scores decreased significantly from T1 to T2 (p = 0.003) and T1 to T3 (p < 0.001), but not from T2 to T3 (p = 0.089). In the sham group, significant decreases were observed across all three pairwise comparisons (T2 vs. T1: p = 0.022; T3 vs. T1: p = 0.001; T2 vs. T3: p = 0.001). Note. Data are presented as mean ± SD. p-values are FDR-corrected. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Fig. S2 Validation of MSB abnormalities using an independent healthy dataset. (A) Topographic maps of the four canonical microstate classes (MSA–MSD) identified in the independent healthy dataset (HC_2). (B) Spatial correlation matrices between the patient and the independent healthy dataset (HC_2) for each microstate class. Absolute spatial correlation coefficients exceeded the predefined reliability threshold of 0.50 for all classes, confirming topographic comparability across conditions. (C) Baseline comparisons between the independent healthy dataset (HC_2, blue) and patients (SCZ, pink) at baseline. Mann–Whitney U tests showed significantly reduced MSB coverage (Z = −4.64, p < 0.001), MSB occurrence (Z = −3.73, p < 0.001), transition probabilities from MSB to MSC (Z = −3.82, p < 0.001) and from MSB to MSD (Z = −5.32, p < 0.001) in patients relative to the independent healthy dataset, consistent in direction with the primary analysis. In Violin plots, box plots indicate the median and interquartile range, dots indicate individual data points. p-values are FDR-corrected. *** p < 0.001.
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Fig. S3 Whole-brain distribution of theta-band source activity abnormalities across microstate classes at baseline. (A-C) Whole-brain Z-score maps showing between-group differences in CSD during MSA, MSC and MSD. The number of significantly abnormal ROIs (FDR-corrected, p < 0.05) was 53 for MSA, 27 for MSC, and 44 for MSD. Positive values (red) indicate higher CSD in patients than in healthy controls, whereas negative values (blue) indicate lower CSD. Non-significant ROIs are shown in gray. (D-E) Network-level distribution of significantly hyperactivated (Hyper, D) and hypoactivated (Hypo, E) ROIs across the Yeo 7-networks, expressed as the percentage of abnormal ROIs relative to the total number of ROIs within each network. A consistent pattern was observed across all microstate classes: abnormal ROIs within the LIM and VIS networks uniformly showed increased CSD, whereas those within the DAN network uniformly showed decreased CSD and those within the CON network predominantly showed decreased CSD. 
Abbreviations: CON, control network; DMN, default mode network; DAN, dorsal attention network; LIM, limbic network; SAL, salience/ventral attention network; SOM, somatomotor network; VIS, visual network.
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Fig. S4 Theta-tACS restores abnormal cortical source activity during MSC. (A–B) Brain map and pre- to post-intervention changes in CSD for the left midcingulate cortex (Cont_Cing_1_L). CSD showed a nominal decrease after active stimulation (Z = −3.39, p < 0.001), whereas the sham group showed a further increase (Z = 2.59, p = 0.01), deviating further from healthy levels. (C–D) Brain map and pre- to post-intervention changes in CSD for the right midcingulate cortex (Cont_Cing_1_L). CSD showed a nominal decrease after active stimulation  (Z = −3.24, p = 0.001), whereas the sham group showed a further increase (Z = 2.31, p = 0.02), deviating further from healthy levels. In cortical maps, red indicates increased CSD and blue indicates decreased CSD. In violin plots, box plots indicate the median and interquartile range, and dots indicate individual participants. *p < 0.05.


Table S1. Comparisons of theta-band CSD during MSB between patients and healthy controls.
	Index
	NetWork
	ROI
	Z
	p

	1
	CON
	Cont_Cing_1_L
	4.56 
	<0.001

	2
	
	Cont_Cing_1_R
	4.03 
	<0.001

	3
	
	Cont_PFCl_1_R
	-4.19 
	<0.001

	4
	
	Cont_PFCl_2_R
	-3.36 
	0.003 

	5
	
	Cont_PFCl_3_R
	-4.33 
	<0.001

	6
	
	Cont_PFCl_4_R
	-4.17 
	<0.001

	7
	
	Cont_Par_1_R
	-4.53 
	<0.001

	8
	
	Cont_Par_2_R
	-2.69 
	0.02 

	9
	DMN
	Default_PFC_1_L
	4.53 
	<0.001

	10
	
	Default_PFC_3_L
	3.79 
	<0.001

	11
	
	Default_PFC_5_L
	-3.54 
	<0.001

	12
	
	Default_PFC_6_L
	-4.42 
	<0.001

	13
	
	Default_PFC_7_L
	-3.43 
	0.003 

	14
	
	Default_PFCdPFCm_2_R
	-4.71 
	<0.001

	15
	
	Default_PFCdPFCm_3_R
	-3.63 
	<0.001

	16
	
	Default_PFCv_2_R
	-2.77 
	0.01 

	17
	
	Default_Par_1_L
	-2.23 
	0.05 

	18
	
	Default_Par_1_R
	-4.21 
	<0.001

	19
	
	Default_Temp_2_R
	2.23 
	0.05 

	20
	
	Default_pCunPCC_1_L
	3.75 
	<0.001

	21
	
	Default_pCunPCC_2_L
	2.96 
	0.007 

	22
	
	Default_pCunPCC_2_R
	2.47 
	0.03 

	23
	DAN
	DorsAttn_FEF_1_L
	-3.70 
	<0.001

	24
	
	DorsAttn_FEF_1_R
	-3.06 
	0.005 

	25
	
	DorsAttn_Post_1_R
	-3.64 
	<0.001

	26
	
	DorsAttn_Post_2_L
	-3.59 
	<0.001

	27
	
	DorsAttn_Post_2_R
	-2.76 
	0.01 

	28
	
	DorsAttn_Post_5_R
	-2.40 
	0.03 

	29
	
	DorsAttn_Post_6_L
	-2.61 
	0.02 

	30
	
	DorsAttn_PrCv_1_L
	-3.76 
	<0.001

	31
	
	DorsAttn_PrCv_1_R
	-3.98 
	<0.001

	32
	LIM
	Limbic_OFC_1_L
	5.56 
	<0.001

	33
	
	Limbic_OFC_1_R
	3.80 
	<0.001

	34
	
	Limbic_TempPole_1_L
	4.80 
	<0.001

	35
	SAL
	SalVentAttn_FrOperIns_1_L
	3.95 
	<0.001

	36
	
	SalVentAttn_FrOperIns_2_L
	2.79 
	0.01 

	37
	
	SalVentAttn_Med_1_L
	2.24 
	0.05 

	38
	
	SalVentAttn_Med_3_L
	-3.57 
	<0.001

	39
	
	SalVentAttn_PFCl_1_L
	-2.56 
	0.02 

	40
	
	SalVentAttn_ParOper_1_L
	-3.03 
	0.005 

	41
	
	SalVentAttn_TempOccPar_1_R
	-3.94 
	<0.001

	42
	
	SalVentAttn_TempOccPar_2_R
	-4.08 
	<0.001

	43
	SOM
	SomMot_2_L
	4.19 
	<0.001

	44
	
	SomMot_2_R
	2.90 
	0.009 

	45
	
	SomMot_4_L
	-4.03 
	<0.001

	46
	
	SomMot_4_R
	-3.52 
	<0.001

	47
	
	SomMot_5_L
	-3.82 
	<0.001

	48
	
	SomMot_5_R
	-3.04 
	0.005 

	49
	
	SomMot_6_R
	-3.25 
	0.003 

	50
	
	SomMot_7_R
	-2.50 
	0.02 

	51
	
	SomMot_8_R
	-2.90 
	0.009 

	52
	VIS
	Vis_1_L
	4.83 
	<0.001

	53
	
	Vis_1_R
	4.37 
	<0.001

	54
	
	Vis_3_L
	3.76 
	<0.001

	55
	
	Vis_6_L
	3.14 
	0.005 

	56
	
	Vis_6_R
	2.65 
	0.02 


Bold entries indicate the ROI with the largest absolute Z-value within each network (peak abnormal node). All p-values are FDR-corrected.
Abbreviations. CON: control network; DMN: default mode network; DAN: dorsal attention network; LIM: limbic network; SAL: salience/ventral attention network; SOM: somatomotor network; VIS: visual network.


Table S2. Effects of theta-tACS on remaining microstate temporal parameters and transition probabilities.
	Variable
	Active(n = 26)
pre vs. post
	Sham (n = 21)
pre vs. post
	△ Active vs △ Sham

	Duration_MSA
	p = 0.22;
Z = -1.89
	p = 0.91;
Z = 0.23
	p = 0.32;
Z = 1.48

	Coverage_MSA
	p = 0.22;
Z = -1.77
	p = 0.69;
Z = 0.76
	p = 0.22;
Z = 1.88

	Occurrence_MSA
	p = 0.22;
Z = -1.94
	p = 0.69;
Z = 0.99
	p = 0.24;
Z = 1.73

	Duration_MSB
	p = 0.44;
Z = 1.28
	p = 0.69;
Z = -1.58
	p = 0.22;
Z = -1.93

	Duration_MSC
	p = 0.59;
Z = 0.60
	p = 0.69;
Z = -0.64
	p = 0.42;
Z = -0.90

	Coverage_MSC
	p = 0.48;
Z = 0.95
	p = 0.69;
Z = -0.96
	p = 0.32;
Z = -1.13

	Occurrence_MSC
	p = 0.49;
Z = 1.00
	p = 0.69;
Z = 0.75
	p = 0.32;
Z = -1.16

	Duration_MSD
	p = 0.49;
Z = -1.16
	p = 0.93;
Z = 0.09
	p = 0.42;
Z = 0.88

	Coverage_MSD
	p = 0.49;
Z = -1.00
	p = 0.69;
Z = 0.75
	p = 0.32;
Z = 1.24

	Occurrence_MSD
	p=0.49;
Z = -0.90
	p=0.69;
Z = 1.13
	p=0.32;
Z = 1.33

	TP_MSA_to_MSB
	p = 0.49;
Z= -1.10
	p = 0.69;
Z=0.92
	p = 0.32;
Z=1.33

	TP_MSA_to_MSC
	p = 0.22;
Z = -1.77
	p = 0.87;
Z = 0.33
	p = 0.32;
Z = 1.46

	TP_MSA_to_MSD
	p = 0.01;
Z = -3.54
	p = 0.69;
Z = 1.48
	p = 0.02;
Z = 3.47

	TP_MSB_to_MSA
	p = 0.22;
Z = 1.77
	p = 0.86;
Z = -0.40
	p = 0.22;
Z = -1.84

	TP_MSC_to_MSA
	p = 0.59;
Z = -0.55
	p = 0.93;
Z = -0.12
	p = 0.90;
Z = 0.13

	TP_MSC_to_MSB
	p = 0.22;
Z = 1.99
	p = 0.60;
Z = -2.17
	p = 0.02;
Z = -3.06

	TP_MSC_to_MSD
	p = 0.51;
Z = 0.83
	p = 0.69;
Z = -0.99
	p = 0.32;
Z = -1.20

	TP_MSD_to_MSA
	p = 0.24;
Z = -1.66
	p = 0.69;
Z = 0.82
	p = 0.22;
Z = 1.88

	TP_MSD_to_MSB
	p = 0.59;
Z = -0.55
	p = 0.69;
Z = 1.44
	p = 0.32;
Z = 1.20

	TP_MSD_to_MSC
	p = 0.52;
Z =  -0.78
	p = 0.69;
Z = 0.64
	p = 0.45;
Z = 0.79


Wilcoxon signed-rank tests were used to compare pre- and post-intervention values within each group; Mann–Whitney U tests were used to compare change scores (Δ = post − pre) between groups. Transition probability from MSA to MSD was significantly reduced after the intervention in the active group (Z = −3.54, p = 0.01), with a significantly greater change than that observed in the sham group (Z = 3.47, p = 0.02). The change in transition probability from MSC to MSB differed significantly between groups (Z = −3.06, p = 0.02). TP, transition probability. Bold entries indicate statistically significant results (p < 0.05). All p-values are FDR-corrected.
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