Supplementary Table 1. Tai Chi movement routines during Phase 1 and Phase 2 (5-day sessions per phase).
	
	Phase 1
	
	Phase 2

	Session
	Tai Chi intervention
	Session
	Tai Chi intervention

	1
	“starting pose” and “wild horse's mane”
	1
	“starting pose” and “grasp sparrow's tail”

	2
	“white crane spreads its wings”
	2
	“single whip”

	3
	“brush knee and twist step”
	3
	“wave hands like clouds”

	4
	“playing the lute”
	4
	“shuttle back and forth”

	5
	“reverse reeling forearm”
	5
	“strike to ears with both fists”




Supplementary Table 2. Comparison of cognition and motor function scores before and after intervention between the iTBS+AOIT and Sham+AOIT groups.
	
	iTBS+AOIT (n=15)
	Sham+AOIT (n=15)
	Group × Time

	
	Pre
	Post
	P
	Pre
	Post
	P
	F
	P

	MoCA
	24.80±2.46
	26.27±1.53
	0.026
	25.00±2.65
	25.27±2.46
	0.671
	1.772
	0.194

	HVLT-R
	
	
	
	
	
	
	
	

	HVLT-R-IR
	19.47±4.10
	22.60±5.33
	0.009
	20.00±3.70
	23.67±5.42
	0.003
	0.114
	0.738

	HVLT-R-DR
	6.27±2.37
	7.60±2.10
	0.034
	6.87±1.92
	8.07±2.19
	0.054
	0.025
	0.876

	HVLT-R-REC
	21.67±1.68
	21.53±1.92
	0.503
	21.20±1.97
	21.73±1.58
	0.100
	1.205
	0.282

	STT
	
	
	
	
	
	
	
	

	STT-A
	62.99±20.03
	58.38±20.55
	0.390
	55.19±15.42
	58.74±18.74
	0.507
	1.194
	0.284

	STT-B
	172.12±68.46
	149.74±46.91
	0.143
	157.54±44.10
	157.96±66.07
	0.978
	1.180
	0.287

	Stroop
	
	
	
	
	
	
	
	

	Stroop-A
	28.55±6.17
	29.13±5.49
	0.537
	30.04±5.50
	29.70±5.94
	0.713
	0.497
	0.486

	Stroop-B
	38.68±7.80
	38.91±8.29
	0.812
	38.65±6.77
	38.21±6.47
	0.647
	0.247
	0.623

	Stroop-C
	75.03±18.14
	67.06±12.89
	0.013
	72.53±19.35
	69.49±16.50
	0.323
	1.351
	0.255

	MDS-UPDRS III
	13.47±8.69
	12.47±7.42
	0.449
	14.13±7.87
	13.47±6.85
	0.613
	0.033
	0.858

	BBS
	54.00±1.25
	54.80±5.01
	0.011
	54.47±1.46
	55.13±1.06
	0.030
	0.104
	0.749


Note: Values are mean ± standard deviation. Abbreviations: MoCA, Montreal Cognitive Assessment; HVLT-R, Hopkins Verbal Learning Test Revised; HVLT-R-IR, HVLT-R Immediate Recall Score; HVLT-R-DR, HVLT-R Delayed Recall Score; HVLT-R-REC, HVLT-R Recognition Score; STT, Shape Trial Test; STT-A, Part A of STT; STT-B, Part B of STT; Stroop, Stroop Color-Word Test; MDS-UPDRS-III, Movement Disorder Society Unified Parkinson's Disease Rating Scale Part III; BBS, Berg Balance Scale.


[bookmark: _Hlk203325170]Supplementary Table 3. Comparison of power spectral density outcomes before and after intervention between the iTBS+AOIT and Sham+AOIT groups.
	
	
	iTBS+AOIT (n=15)
	[bookmark: OLE_LINK1]Sham+AOT (n=15)
	Group × Time

	
	
	Pre
	Post
	P
	Pre
	Post
	P
	F
	P

	[bookmark: OLE_LINK2]Frontal
	Delta
	0.191±0.096
	0.150±0.052
	0.013
	0.154±0.046
	0.153±0.052
	0.956
	3.390
	0.076

	
	Theta
	0.148±0.074
	0.140±0.066
	0.597
	0.139±0.065
	0.158±0.103
	0.204
	1.681
	0.205

	
	Alpha
	0.292±0.075
	0.306±0.092
	0.488
	0.290±0.072
	0.291±0.072
	0.964
	0.216
	0.646

	
	Beta
	0.189±0.075
	0.200±0.081
	0.212
	0.177±0.059
	0.191±0.078
	0.113
	0.065
	0.800

	
	Low Gamma
	0.056±0.036
	0.058±0.031
	0.754
	0.041±0.014
	0.052±0.023
	0.082
	1.108
	0.302

	Central
	Delta
	0.123±0.043
	0.101±0.034
	0.069
	0.125±0.035
	0.119±0.036
	0.620
	0.964
	0.335

	
	Theta
	0.108±0.042
	0.107±0.039
	0.971
	0.120±0.057
	0.119±0.040
	0.794
	0.026
	0.874

	
	Alpha
	0.230±0.069
	0.240±0.080
	0.421
	0.241±0.059
	0.235±0.073
	0.609
	0.891
	0.353

	
	Beta
	0.173±0.078
	0.182±0.081
	0.394
	0.174±0.065
	0.183±0.083
	0.415
	0.001
	0.978

	
	Low Gamma
	0.039±0.023
	0.042±0.023
	0.443
	0.036±0.015
	0.041±0.018
	0.284
	0.049
	0.826

	Parietal
	Delta
	0.132±0.036
	0.120±0.039
	0.203
	0.138±0.041
	0.133±0.040
	0.583
	0.280
	0.601

	
	Theta
	0.151±0.091
	0.146±0.056
	0.771
	0.169±0.086
	0.175±0.134
	0.726
	0.210
	0.650

	
	Alpha
	0.382±0.120
	0.424±0.128
	0.098
	0.416±0.093
	0.396±0.094
	0.427
	3.175
	0.086

	
	Beta
	0.229±0.087
	0.246±0.100
	0.140
	0.231±0.082
	0.224±0.083
	0.558
	2.229
	0.147

	
	Low Gamma
	0.052±0.044
	0.052±0.034
	0.957
	0.041±0.020
	0.045±0.020
	0.611
	0.106
	0.747

	Occipital
	Delta
	0.191±0.069
	0.176±0.060
	0.493
	0.224±0.103
	0.196±0.063
	0.209
	0.174
	0.679

	
	Theta
	0.273±0.234
	0.291±0.292
	0.325
	0.306±0.200
	0.294±0.203
	0.509
	1.397
	0.247

	
	Alpha
	0.849±0.373
	0.766±0.298
	0.197
	0.864±0.430
	0.808±0.337
	0.376
	0.089
	0.767

	
	Beta
	0.318±0.126
	0.345±0.166
	0.209
	0.332±0.129
	0.347±0.151
	0.470
	0.154
	0.698

	
	Low Gamma
	0.080±0.041
	0.091±0.054
	0.381
	0.074±0.047
	0.095±0.056
	0.088
	0.385
	0.540

	Temporal
	Delta
	0.141±0.054
	0.150±0.081
	0.624
	0.154±0.049
	0.136±0.055
	0.336
	1.087
	0.306

	
	Theta
	0.139±0.048
	0.141±0.046
	0.933
	0.163±0.082
	0.143±0.047
	0.151
	1.215
	0.280

	
	Alpha
	0.290±0.105
	0.313±0.125
	0.143
	0.304±0.096
	0.292±0.103
	0.443
	2.614
	0.117

	
	Beta
	0.242±0.122
	0.253±0.112
	0.623
	0.234±0.074
	0.225±0.093
	0.696
	0.398
	0.533

	
	Low Gamma
	0.093±0.114
	0.086±0.051
	0.742
	0.074±0.038
	0.068±0.032
	0.781
	0.001
	0.971


Note: Values are mean ± standard deviation.


Supplementary Table 4. Comparison of neurophysiological outcomes before and after intervention between the iTBS+AOIT and Sham+AOIT groups.
	
	iTBS+AOIT (n=15)
	Sham+AOIT (n=15)
	Group × Time

	
	Pre
	Post
	P
	Pre
	Post
	P
	F
	P

	rMT
	25.60±8.02
	26.07±7.98
	0.661
	25.80±8.16
	26.13±8.81
	0.754
	0.008
	0.929

	aMT
	20.27±7.83
	20.27±6.89
	1.000
	20.13±5.88
	19.40±6.02
	0.360
	0.433
	0.516

	CSP
	101.84±30.70
	119.37±33.00
	0.040
	105.70±28.65
	112.48±32.66
	0.411
	0.876
	0.357

	Post 5
	1.15±0.34
	1.57±1.38
	0.173
	1.29±0.51
	1.21±0.48
	0.811
	1.343
	0.256

	Post10
	1.39±0.69
	1.81±2.02
	0.353
	1.54±0.97
	1.33±0.60
	0.643
	0.998
	0.326

	Post15
	1.23±0.39
	2.45±2.49
	0.020
	1.23±0.60
	1.47±0.72
	0.652
	2.042
	0.164

	Post20
	1.45±0.85
	1.80±2.26
	0.463
	1.33±0.79
	1.27±0.51
	0.903
	0.377
	0.544

	Post30
	1.43±0.79
	2.00±2.91
	0.343
	1.46±0.78
	1.27±0.66
	0.748
	0.829
	0.370

	Mean
	1.37±0.64
	1.84±2.20
	0.340
	1.67±1.30
	1.31±0.43
	0.478
	1.429
	0.242


Note: Values are mean ± standard deviation. Abbreviations: rMT, resting Motor Threshold; aMT, active Motor Threshold; CSP, Cortical Silent Period; MEP, Motor Evoked Potential; Post 5-30, post-intervention time points; Mean MEP, averaging all 100 MEPs across the five time points (Post 5–30).


Supplementary Table 5. Comparison of gait parameters before and after intervention between the iTBS+AOIT and Sham+AOIT groups under the dual-task turning condition.
	
	iTBS+AOIT (n=15)
	Sham+AOIT (n=15)
	Group × Time

	
	Pre
	Post
	P
	Pre
	Post
	P
	F
	P

	STL
	0.42±0.09
	0.45±0.08
	0.019
	0.42±0.08
	0.43±0.08
	0.535
	1.749
	0.197

	SRT
	1.20±0.10
	1.21±0.13
	0.883
	1.22±0.14
	1.20±0.13
	0.260
	0.841
	0.367

	STT
	0.85±0.08
	0.86±0.10
	0.785
	0.87±0.11
	0.86±0.10
	0.398
	0.644
	0.429

	SWT
	0.35±0.03
	0.35±0.03
	0.736
	0.35±0.04
	0.34±0.04
	0.063
	1.268
	0.270

	WAS
	0.36±0.08
	0.38±0.07
	0.022
	0.36±0.08
	0.37±0.08
	0.357
	1.125
	0.298

	GNI
	4.97±1.21
	4.34±0.84
	0.026
	4.37±1.32
	4.51±1.09
	0.580
	4.254
	0.049


Note: Values are mean ± standard deviation. Abbreviations: STL, Stride Length; SRT, Stride Time; STT, Stance Time; SWT, Swing Time; WKS, Walking Speed; GNI, Gait Normalcy Index.


	
	T1
	T2
	T3
	T4

	
	R-S (n=7)
	S-R (n=8)
	P
	R-S (n=7)
	S-R (n=8)
	P
	R-S (n=7)
	S-R (n=8)
	P
	R-S (n=7)
	S-R (n=8)
	P

	MDS-UPDRS III
	18.00±8.85
	14.88±7.38
	0.469
	15.43±5.56
	12.00±8.14
	0.366
	13.29±8.92
	9.50±6.74
	0.367
	15.14±5.11
	9.88±8.20
	0.167

	MoCA
	24.29±3.20
	24.63±3.34
	0.844
	25.86±1.77
	25.13±2.47
	0.528
	25.43±1.72
	25.25±1.67
	0.842
	25.43±2.64
	26.63±1.30
	0.275

	BBS
	53.43±1.27
	54.88±1.64
	0.082
	54.43±0.79
	55.25±1.16
	0.139
	54.00±1.15
	54.50±1.07
	0.400
	55.00±1.00
	55.13±1.13
	0.825

	HVLT-R

	HVLT-R-IR
	18.14±4.74
	21.25±4.13
	0.198
	22.29±6.24
	25.38±3.89
	0.264
	18.57±2.76
	20.63±3.34
	0.221
	21.71±6.52
	22.88±4.82
	0.699

	HVLT-R-DR
	6.00±2.38
	7.50±1.60
	0.171
	7.86±2.41
	8.00±1.93
	0.900
	6.14±2.12
	6.50±2.51
	0.772
	8.14±2.61
	7.38±1.92
	0.524

	HVLT-R-REC
	22.43±1.51
	21.75±2.19
	0.504
	22.00±2.00
	21.50±1.60
	0.600
	20.57±1.62
	21.00±1.60
	0.616
	22.00±1.63
	21.13±1.89
	0.358

	STT

	STT-A
	67.44±22.99
	57.24±13.44
	0.306
	66.54±18.97
	63.13±22.67
	0.759
	52.85±18.22
	59.11±17.67
	0.511
	53.73±12.83
	51.25±20.28
	0.785

	STT-B
	192.41±95.67
	156.41±49.02
	0.366
	169.74±62.34
	165.68±72.97
	0.910
	158.84±41.61
	154.37±27.50
	0.808
	149.12±61.67
	132.24±17.88
	0.471

	Stroop

	Stroop-A
	29.67±8.08
	30.12±6.92
	0.911
	30.25±6.99
	30.88±7.07
	0.866
	29.96±3.83
	27.57±4.23
	0.276
	28.36±4.47
	28.15±4.01
	0.925

	Stroop-B
	39.17±9.57
	38.84±8.12
	0.942
	40.51±8.56
	38.65±7.72
	0.666
	38.43±5.47
	38.25±6.54
	0.955
	37.70±5.26
	37.51±8.35
	0.959

	Stroop-C
	77.96±18.29
	78.89±23.08
	0.933
	69.18±14.46
	70.40±20.17
	0.896
	65.25±11.67
	72.47±18.85
	0.398
	68.46±12.59
	65.20±12.01
	0.617



Supplementary Table 6. Characteristics of Randomization Sequences at Baseline (T1) and Post-Intervention Assessments, Including Washout Efficacy (T3)

Note: Values are presented as Mean ± Standard Deviation. Differences between the two randomization sequences were analyzed using independent t-tests. Abbreviations: BBS, Berg Balance Scale; HVLT-R, Hopkins Verbal Learning Test–Revised; HVLT-R-DR, HVLT-R Delayed Recall Score; HVLT-R-IR, HVLT-R Immediate Recall Score; HVLT-R-REC, HVLT-R Recognition Score; MDS-UPDRS III, Movement Disorder Society Unified Parkinson's Disease Rating Scale Part III; MoCA, Montreal Cognitive Assessment; R-S, iTBS → Sham sequence (iTBS stimulation followed by Sham stimulation); S-R, Sham → iTBS sequence (Sham stimulation followed by iTBS stimulation); STT, Shape Trail Test; STT-A, STT Part A; STT-B, STT Part B; Stroop, Stroop Test; Stroop-A, Stroop Test Word Reading Condition; Stroop-B, Stroop Test Color Naming Condition; Stroop-C, Stroop Test Interference (Color-Word) Condition; T1–T4, The four assessment time points (T1: Baseline; T2: Post-Phase 1; T3: Baseline of Phase 2 (Post-Washout); T4: Post-Phase 2).



