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Supplementary Tables
Supplementary Table 1. Principal clusters of DMV-seeded functional connectivity differences among body-first PD, brain-first PD, and healthy controls.
	Contrast
	Direction
	Principal anatomical location
	Hemisphere
	Cluster size
(voxels)
	Peak Z
	MNI x
	MNI y
	MNI z

	Body-first vs brain-first
	Body-first > brain-first
	Posterior cerebellum (lobules VIIb–X, Crus II, vermis VIII–IX)
	Bilateral
	2133
	5.433
	0
	-57
	-54

	
	Body-first > brain-first
	Inferior temporal gyrus
	R
	276
	3.641
	42
	0
	-36

	
	Body-first > brain-first
	Putamen
	L
	53
	3.285
	-30
	-15
	12

	Body-first vs HC
	Body-first > HC
	Posterior cerebellum (predominantly lobules VIII–X)
	Bilateral
	465
	3.973
	-15
	-42
	-45

	
	Body-first < HC
	Superior parietal lobule / posterior parietal cortex
	L
	138
	-3.107
	-30
	-54
	39

	
	Body-first < HC
	Medial frontal / anterior cingulate region
	Midline/L
	63
	-3.173
	-9
	36
	3

	Brain-first vs HC
	Brain-first < HC
	Cuneus / medial occipital cortex
	Midline
	295
	-3.317
	3
	-84
	27

	
	Brain-first < HC
	Superior frontal gyrus / supplementary motor area
	Midline/L
	209
	-3.892
	-6
	21
	57

	
	Brain-first < HC
	Middle frontal gyrus / precentral region
	L
	83
	-3.306
	-42
	15
	42

	
	Brain-first < HC
	Middle occipital gyrus
	L
	77
	-3.235
	-33
	-69
	24

	
	Brain-first < HC
	Superior frontal gyrus
	L
	72
	-3.314
	-21
	27
	45

	
	Brain-first < HC
	Medial orbitofrontal cortex
	L
	65
	-3.564
	-9
	45
	-24

	
	Brain-first < HC
	Medial orbitofrontal cortex
	R
	55
	-4.002
	6
	42
	-27


For concise reporting, the table lists principal clusters containing at least 50 voxels from the exported pairwise Z-statistic maps. Positive Z values indicate greater DMV-seeded functional connectivity in the former group, whereas negative Z values indicate lower connectivity in the former group. Peak coordinates are reported in Montreal Neurological Institute (MNI) space. Anatomical labels were assigned at the level of the principal peak and interpreted together with the spatial extent described in the main manuscript. DMV, dorsal motor nucleus of the vagus; PD, Parkinson’s disease; HC, healthy controls; L, left; R, right.
Statistical threshold reported in the manuscript: voxel-level P < 0.001 and cluster-level P < 0.05, Gaussian random field (GRF) corrected.


Supplementary Table 2. Principal whole-brain clusters showing group differences in ReHo and ALFF.
	Metric
	Contrast
	Direction
	Approximate peak location
	Hemisphere
	Cluster size
(voxels)
	Peak Z
	MNI x
	MNI y
	MNI z

	ReHo
	Body-first vs HC
	Body-first > HC
	Precentral gyrus
	L
	3475
	5.593
	-30
	-18
	54

	ReHo
	
	Body-first < HC
	Medial superior frontal / frontopolar cortex
	Midline/L
	3081
	-4.839
	-6
	66
	6

	ReHo
	
	Body-first < HC
	Superior parietal / dorsal sensorimotor cortex
	R
	849
	-4.069
	15
	-24
	78

	ReHo
	
	Body-first < HC
	Postcentral / supramarginal region
	R
	695
	-4.130
	57
	-39
	39

	ReHo
	
	Body-first > HC
	Precentral gyrus
	R
	376
	5.661
	30
	-18
	51

	ReHo
	
	Body-first < HC
	Precuneus / posterior cingulate region
	R
	359
	-4.428
	15
	-57
	12

	ReHo
	
	Body-first < HC
	Middle temporal cortex
	L
	224
	-3.898
	-66
	-33
	18

	ReHo
	
	Body-first > HC
	Inferior temporal / inferior occipital cortex
	R
	134
	3.259
	51
	-69
	-18

	ReHo
	
	Body-first > HC
	Precentral / inferior frontal region
	R
	134
	5.369
	39
	0
	36

	ReHo
	
	Body-first > HC
	Anterior cingulate / medial frontal cortex
	R
	103
	3.545
	12
	39
	27

	ReHo
	Brain-first vs HC
	Brain-first > HC
	Midcingulate / paracentral region
	L
	1733
	5.255
	-24
	-33
	36

	ReHo
	
	Brain-first > HC
	Superior frontal gyrus
	R
	1316
	4.256
	18
	45
	75

	ReHo
	
	Brain-first > HC
	Orbitofrontal cortex
	R
	1035
	3.967
	24
	45
	-48

	ReHo
	
	Brain-first > HC
	Superior parietal cortex
	L
	512
	3.644
	-48
	-69
	72

	ReHo
	
	Brain-first > HC
	Hippocampal / parahippocampal region
	L
	302
	4.008
	-21
	-24
	-24

	ReHo
	
	Brain-first > HC
	Precentral / superior frontal region
	R
	300
	3.558
	42
	-3
	78

	ReHo
	
	Brain-first > HC
	Middle / superior frontal cortex
	L
	267
	4.269
	-42
	45
	66

	ReHo
	
	Brain-first < HC
	Inferior occipital / lingual cortex
	R
	217
	-4.082
	27
	-96
	-9

	ReHo
	
	Brain-first < HC
	Posterior cerebellar / occipital region
	R
	169
	-3.290
	21
	-96
	-45

	ReHo
	
	Brain-first > HC
	Superior frontal gyrus
	L
	147
	3.189
	-18
	54
	57

	ReHo
	
	Brain-first < HC
	Inferior occipital / lingual cortex
	L
	144
	-3.828
	-21
	-96
	-6

	ReHo
	
	Brain-first > HC
	Temporal pole / inferior temporal cortex
	L
	136
	3.502
	-45
	-3
	-24

	ReHo
	
	Brain-first > HC
	Orbitofrontal / frontopolar cortex
	R
	130
	3.623
	27
	69
	-30

	ReHo
	
	Brain-first > HC
	Cerebellar hemisphere
	L
	128
	3.503
	-42
	-21
	-57

	ReHo
	Body-first vs brain-first
	Body-first > brain-first
	Inferior occipital / lingual cortex
	L
	317
	4.180
	-30
	-96
	-9

	ReHo
	
	Body-first > brain-first
	Inferior temporal / lateral occipital cortex
	R
	236
	3.733
	72
	-66
	-15

	ReHo
	
	Body-first > brain-first
	Posterior cerebellum (lobule VI/VIII/IX, Crus II region)
	Bilateral
	201
	4.037
	18
	-48
	-30

	ReHo
	
	Body-first > brain-first
	Posterior cerebellum (lobule VIII/Crus II)
	L
	77
	3.571
	-6
	-81
	-39

	ReHo
	
	Body-first > brain-first
	Posterior cerebellum (lobule VIII/IX)
	R
	24
	2.919
	15
	-69
	-48

	ReHo
	
	Body-first > brain-first
	Precentral gyrus
	L
	635
	5.625
	-30
	-15
	51

	ReHo
	
	Body-first > brain-first
	Precentral gyrus
	R
	371
	5.910
	33
	-18
	54

	ReHo
	
	Body-first < brain-first
	Medial superior frontal gyrus / supplementary motor area
	Midline/L
	8272
	-5.769
	-3
	39
	60

	ReHo
	
	Body-first < brain-first
	Postcentral / supramarginal region
	R
	337
	-3.895
	60
	-30
	42

	ReHo
	
	Body-first < brain-first
	Superior frontal / precentral region
	L
	138
	-3.541
	-48
	3
	72

	ReHo
	
	Body-first < brain-first
	Precuneus
	Midline/L
	160
	-3.522
	-3
	-63
	36

	ReHo
	
	Body-first > brain-first
	Inferior occipital / lingual cortex
	L
	317
	4.180
	-30
	-96
	-9

	ReHo
	
	Body-first > brain-first
	Inferior temporal / lateral occipital cortex
	R
	236
	3.733
	72
	-66
	-15

	ReHo
	
	Body-first > brain-first
	Posterior cerebellum (lobule VI/VIII/IX, Crus II region)
	Bilateral
	201
	4.037
	18
	-48
	-30

	ReHo
	
	Body-first > brain-first
	Posterior cerebellum (lobule VIII/Crus II)
	L
	77
	3.571
	-6
	-81
	-39

	ReHo
	
	Body-first > brain-first
	Posterior cerebellum (lobule VIII/IX)
	R
	24
	2.919
	15
	-69
	-48

	ReHo
	
	Body-first > brain-first
	Precentral gyrus
	L
	635
	5.625
	-30
	-15
	51

	ReHo
	
	Body-first > brain-first
	Precentral gyrus
	R
	371
	5.910
	33
	-18
	54

	ReHo
	
	Body-first < brain-first
	Medial superior frontal gyrus / supplementary motor area
	Midline/L
	8272
	-5.769
	-3
	39
	60

	ALFF
	Body-first vs HC
	Body-first > HC
	Precentral gyrus / dorsal sensorimotor cortex
	R
	1464
	5.494
	30
	-18
	51

	ALFF
	
	Body-first > HC
	Calcarine cortex / cuneus
	R
	567
	4.850
	12
	-81
	15

	ALFF
	
	Body-first < HC
	Posterior cingulate / precuneus
	Midline
	535
	-4.540
	0
	-48
	9

	ALFF
	
	Body-first > HC
	Orbitofrontal / frontal pole
	R
	189
	4.156
	27
	45
	-6

	ALFF
	
	Body-first < HC
	Putamen / insular region
	R
	170
	-4.240
	33
	-15
	12

	ALFF
	
	Body-first > HC
	Cuneus / superior occipital cortex
	L
	142
	4.260
	-21
	-84
	21

	ALFF
	
	Body-first < HC
	Inferior parietal / supramarginal region
	R
	128
	-3.715
	54
	-48
	33

	ALFF
	
	Body-first < HC
	Angular / inferior parietal cortex
	L
	123
	-3.465
	-45
	-60
	45

	ALFF
	
	Body-first < HC
	Thalamic / midbrain region
	Midline/R
	88
	-3.474
	6
	-33
	-6

	ALFF
	
	Body-first < HC
	Medial orbitofrontal cortex
	Midline/L
	86
	-3.775
	-3
	54
	-15

	ALFF
	
	Body-first > HC
	Posterior cerebellum (lobule VIII/Crus II region)
	R/Midline
	83
	4.148
	6
	-72
	-39

	ALFF
	
	Body-first < HC
	Paracentral lobule / supplementary motor area
	Midline/L
	72
	-3.333
	-6
	-9
	78

	ALFF
	
	Body-first > HC
	Postcentral / supramarginal region
	R
	68
	3.966
	51
	-18
	24

	ALFF
	
	Body-first > HC
	Posterior cerebellum (Crus II/lobule VIII region)
	R
	59
	3.329
	51
	-60
	-48

	ALFF
	
	Body-first > HC
	Cerebellar hemisphere
	R
	53
	3.215
	21
	-48
	-30

	ALFF
	Brain-first vs HC
	Brain-first > HC
	Middle frontal / orbitofrontal cortex
	R
	81
	3.980
	45
	57
	-9

	ALFF
	Body-first vs brain-first
	Body-first > brain-first
	Precentral gyrus
	L
	513
	5.094
	-36
	-15
	51

	ALFF
	
	Body-first > brain-first
	Posterior cerebellum (lobule VIII/Crus II region)
	Midline/R
	390
	4.430
	6
	-72
	-39

	ALFF
	
	Body-first < brain-first
	Precuneus
	Midline
	375
	-3.989
	0
	-60
	36

	ALFF
	
	Body-first > brain-first
	Precentral gyrus
	R
	302
	4.750
	30
	-18
	51

	ALFF
	
	Body-first < brain-first
	Cuneus / superior occipital cortex
	L
	158
	-3.543
	-36
	-72
	48

	ALFF
	
	Body-first < brain-first
	Superior / middle frontal gyrus
	R
	119
	-3.572
	36
	27
	51

	ALFF
	
	Body-first < brain-first
	Medial superior frontal / frontopolar cortex
	Midline/R
	112
	-3.554
	6
	60
	30

	ALFF
	
	Body-first > brain-first
	Calcarine cortex / cuneus
	R
	86
	4.595
	12
	-81
	15

	ALFF
	
	Body-first > brain-first
	Cuneus / superior occipital cortex
	L
	70
	3.606
	-21
	-87
	24

	ALFF
	
	Body-first < brain-first
	Inferior parietal / postcentral region
	R
	70
	-3.342
	60
	-30
	45

	ALFF
	
	Body-first > brain-first
	Lingual / inferior occipital cortex
	R
	66
	3.307
	21
	-87
	-6

	ALFF
	
	Body-first < brain-first
	Medial orbitofrontal / frontopolar cortex
	Midline/R
	60
	-3.415
	3
	66
	-9

	ALFF
	
	Body-first > brain-first
	Calcarine cortex / cuneus
	L
	60
	3.213
	-12
	-90
	3

	ALFF
	
	Body-first > brain-first
	Medial superior frontal / supplementary motor area
	L/Midline
	60
	4.137
	-12
	33
	36

	ALFF
	
	Body-first > brain-first
	Orbitofrontal / superior frontal cortex
	R
	58
	3.474
	21
	45
	-6


For concise presentation, principal clusters with ≥100 voxels for ReHo and ≥50 voxels for ALFF are shown; these reporting cutoffs are descriptive and do not replace the inferential threshold used for the voxel-wise analyses. Positive Z values indicate higher ReHo or ALFF in the former group of each contrast, whereas negative Z values indicate lower values. Approximate anatomical labels refer to the peak coordinate, and large clusters may extend across multiple neighboring regions. Whole-brain maps were thresholded as described in the main manuscript (voxel-level P < 0.001 and cluster-level P < 0.05, GRF-corrected). MNI, Montreal Neurological Institute; HC, healthy controls; PD, Parkinson’s disease; GRF, Gaussian random field; ReHo, regional homogeneity; ALFF, amplitude of low-frequency fluctuations.


Supplementary Table 3. Detailed statistical comparisons of gray matter volume in cerebellar subregions.
	Dependent variable
	group
	Mean Difference
	Standard error
	Significanceb
	99% confidence interval of the differenceb

	
	
	
	
	
	Lower limit
	Upper limit

	Left_I_IV
	brain-first
	-189.548*
	43.914
	.000
	-354.213
	-24.883

	
	HC
	-166.246*
	43.392
	.001
	-328.954
	-3.538

	
	body-first
	189.548*
	43.914
	.000
	24.883
	354.213

	
	HC
	23.302
	43.602
	1.000
	-140.194
	186.799

	
	body-first
	166.246*
	43.392
	.001
	3.538
	328.954

	
	brain-first
	-23.302
	43.602
	1.000
	-186.799
	140.194

	Right_I_IV
	brain-first
	-202.493*
	51.176
	.000
	-394.387
	-10.599

	
	HC
	-173.952
	50.568
	.003
	-363.566
	15.662

	
	body-first
	202.493*
	51.176
	.000
	10.599
	394.387

	
	HC
	28.541
	50.813
	1.000
	-161.991
	219.073

	
	body-first
	173.952
	50.568
	.003
	-15.662
	363.566

	
	brain-first
	-28.541
	50.813
	1.000
	-219.073
	161.991

	Left_V
	brain-first
	-263.470*
	59.759
	.000
	-487.549
	-39.391

	
	HC
	-146.351
	59.049
	.046
	-367.767
	75.065

	
	body-first
	263.470*
	59.759
	.000
	39.391
	487.549

	
	HC
	117.119
	59.335
	.156
	-105.370
	339.608

	
	body-first
	146.351
	59.049
	.046
	-75.065
	367.767

	
	brain-first
	-117.119
	59.335
	.156
	-339.608
	105.370

	Right_V
	brain-first
	-248.973*
	59.119
	.000
	-470.652
	-27.295

	
	HC
	-166.161
	58.416
	.017
	-385.205
	52.884

	
	body-first
	248.973*
	59.119
	.000
	27.295
	470.652

	
	HC
	82.813
	58.699
	.487
	-137.293
	302.918

	
	body-first
	166.161
	58.416
	.017
	-52.884
	385.205

	
	brain-first
	-82.813
	58.699
	.487
	-302.918
	137.293

	Left_VI
	brain-first
	-546.023*
	143.373
	.001
	-1083.628
	-8.418

	
	HC
	-389.386
	141.669
	.022
	-920.602
	141.831

	
	body-first
	546.023*
	143.373
	.001
	8.418
	1083.628

	
	HC
	156.638
	142.355
	.823
	-377.152
	690.428

	
	body-first
	389.386
	141.669
	.022
	-141.831
	920.602

	
	brain-first
	-156.638
	142.355
	.823
	-690.428
	377.152

	Vermis_VI
	brain-first
	-119.935
	32.125
	.001
	-240.395
	.524

	
	HC
	-90.264
	31.743
	.017
	-209.292
	28.764

	
	body-first
	119.935
	32.125
	.001
	-.524
	240.395

	
	HC
	29.671
	31.897
	1.000
	-89.933
	149.276

	
	body-first
	90.264
	31.743
	.017
	-28.764
	209.292

	
	brain-first
	-29.671
	31.897
	1.000
	-149.276
	89.933

	Right_VI
	brain-first
	-444.188
	120.431
	.001
	-895.770
	7.394

	
	HC
	-377.435
	119.000
	.006
	-823.650
	68.780

	
	body-first
	444.188
	120.431
	.001
	-7.394
	895.770

	
	HC
	66.753
	119.577
	1.000
	-381.624
	515.130

	
	body-first
	377.435
	119.000
	.006
	-68.780
	823.650

	
	brain-first
	-66.753
	119.577
	1.000
	-515.130
	381.624

	Left_CrusI
	brain-first
	-979.824*
	232.810
	.000
	-1852.792
	-106.855

	
	HC
	-993.366*
	230.043
	.000
	-1855.960
	-130.772

	
	body-first
	979.824*
	232.810
	.000
	106.855
	1852.792

	
	HC
	-13.542
	231.158
	1.000
	-880.316
	853.231

	
	body-first
	993.366*
	230.043
	.000
	130.772
	1855.960

	
	brain-first
	13.542
	231.158
	1.000
	-853.231
	880.316

	Vermis_CrusI
	brain-first
	-.653
	.530
	.663
	-2.639
	1.333

	
	HC
	-.923
	.523
	.244
	-2.886
	1.039

	
	body-first
	.653
	.530
	.663
	-1.333
	2.639

	
	HC
	-.270
	.526
	1.000
	-2.242
	1.702

	
	body-first
	.923
	.523
	.244
	-1.039
	2.886

	
	brain-first
	.270
	.526
	1.000
	-1.702
	2.242

	Right_CrusI
	brain-first
	-1029.203*
	221.547
	.000
	-1859.938
	-198.467

	
	HC
	-1022.884*
	218.914
	.000
	-1843.748
	-202.020

	
	body-first
	1029.203*
	221.547
	.000
	198.467
	1859.938

	
	HC
	6.319
	219.975
	1.000
	-818.522
	831.159

	
	body-first
	1022.884*
	218.914
	.000
	202.020
	1843.748

	
	brain-first
	-6.319
	219.975
	1.000
	-831.159
	818.522

	Left_CrusII
	brain-first
	-713.387*
	170.244
	.000
	-1351.751
	-75.023

	
	HC
	-307.436
	168.221
	.214
	-938.214
	323.342

	
	body-first
	713.387*
	170.244
	.000
	75.023
	1351.751

	
	HC
	405.951
	169.036
	.056
	-227.883
	1039.785

	
	body-first
	307.436
	168.221
	.214
	-323.342
	938.214

	
	brain-first
	-405.951
	169.036
	.056
	-1039.785
	227.883

	Vermis_CrusII
	brain-first
	-22.428
	9.826
	.075
	-59.273
	14.416

	
	HC
	-11.470
	9.709
	.723
	-47.877
	24.937

	
	body-first
	22.428
	9.826
	.075
	-14.416
	59.273

	
	HC
	10.958
	9.756
	.794
	-25.625
	47.541

	
	body-first
	11.470
	9.709
	.723
	-24.937
	47.877

	
	brain-first
	-10.958
	9.756
	.794
	-47.541
	25.625

	Right_CrusII
	brain-first
	-686.434*
	178.470
	.001
	-1355.643
	-17.226

	
	HC
	-364.455
	176.349
	.126
	-1025.711
	296.801

	
	body-first
	686.434*
	178.470
	.001
	17.226
	1355.643

	
	HC
	321.980
	177.203
	.219
	-342.480
	986.439

	
	body-first
	364.455
	176.349
	.126
	-296.801
	1025.711

	
	brain-first
	-321.980
	177.203
	.219
	-986.439
	342.480

	Left_VIIb
	brain-first
	-397.976*
	82.973
	.000
	-709.100
	-86.852

	
	HC
	-260.056
	81.987
	.006
	-567.483
	47.371

	
	body-first
	397.976*
	82.973
	.000
	86.852
	709.100

	
	HC
	137.920
	82.384
	.294
	-170.996
	446.837

	
	body-first
	260.056
	81.987
	.006
	-47.371
	567.483

	
	brain-first
	-137.920
	82.384
	.294
	-446.837
	170.996

	Vermis_VIIb
	brain-first
	-19.286*
	4.102
	.000
	-34.667
	-3.904

	
	HC
	-10.494
	4.053
	.034
	-25.693
	4.705

	
	body-first
	19.286*
	4.102
	.000
	3.904
	34.667

	
	HC
	8.792
	4.073
	.102
	-6.481
	24.064

	
	body-first
	10.494
	4.053
	.034
	-4.705
	25.693

	
	brain-first
	-8.792
	4.073
	.102
	-24.064
	6.481

	Right_VIIb
	brain-first
	-406.089*
	97.633
	.000
	-772.183
	-39.996

	
	HC
	-248.081
	96.472
	.036
	-609.824
	113.662

	
	body-first
	406.089*
	97.633
	.000
	39.996
	772.183

	
	HC
	158.009
	96.940
	.321
	-205.487
	521.504

	
	body-first
	248.081
	96.472
	.036
	-113.662
	609.824

	
	brain-first
	-158.009
	96.940
	.321
	-521.504
	205.487

	Left_VIIIa
	brain-first
	-402.251*
	86.117
	.000
	-725.166
	-79.337

	
	HC
	-263.132
	85.094
	.008
	-582.209
	55.944

	
	body-first
	402.251*
	86.117
	.000
	79.337
	725.166

	
	HC
	139.119
	85.506
	.323
	-181.504
	459.742

	
	body-first
	263.132
	85.094
	.008
	-55.944
	582.209

	
	brain-first
	-139.119
	85.506
	.323
	-459.742
	181.504

	Vermis_VIIIa
	brain-first
	-96.595*
	24.584
	.001
	-188.778
	-4.412

	
	HC
	-50.934
	24.292
	.118
	-142.021
	40.154

	
	body-first
	96.595*
	24.584
	.001
	4.412
	188.778

	
	HC
	45.661
	24.410
	.195
	-45.868
	137.190

	
	body-first
	50.934
	24.292
	.118
	-40.154
	142.021

	
	brain-first
	-45.661
	24.410
	.195
	-137.190
	45.868

	Right_VIIIa
	brain-first
	-402.247*
	92.470
	.000
	-748.983
	-55.510

	
	HC
	-211.973
	91.371
	.069
	-554.589
	130.643

	
	body-first
	402.247*
	92.470
	.000
	55.510
	748.983

	
	HC
	190.273
	91.814
	.124
	-154.003
	534.549

	
	body-first
	211.973
	91.371
	.069
	-130.643
	554.589

	
	brain-first
	-190.273
	91.814
	.124
	-534.549
	154.003

	Left_VIIIb
	brain-first
	-355.081*
	73.549
	.000
	-630.867
	-79.295

	
	HC
	-177.528
	72.675
	.050
	-450.036
	94.981

	
	body-first
	355.081*
	73.549
	.000
	79.295
	630.867

	
	HC
	177.553
	73.027
	.052
	-96.276
	451.382

	
	body-first
	177.528
	72.675
	.050
	-94.981
	450.036

	
	brain-first
	-177.553
	73.027
	.052
	-451.382
	96.276

	Vermis_VIIIb
	brain-first
	-30.554
	12.289
	.045
	-76.633
	15.526

	
	HC
	-24.349
	12.143
	.145
	-69.881
	21.183

	
	body-first
	30.554
	12.289
	.045
	-15.526
	76.633

	
	HC
	6.204
	12.202
	1.000
	-39.548
	51.957

	
	body-first
	24.349
	12.143
	.145
	-21.183
	69.881

	
	brain-first
	-6.204
	12.202
	1.000
	-51.957
	39.548

	Right_VIIIb
	brain-first
	-308.486*
	67.271
	.000
	-560.732
	-56.241

	
	HC
	-158.500
	66.471
	.058
	-407.748
	90.748

	
	body-first
	308.486*
	67.271
	.000
	56.241
	560.732

	
	HC
	149.986
	66.793
	.082
	-100.469
	400.441

	
	body-first
	158.500
	66.471
	.058
	-90.748
	407.748

	
	brain-first
	-149.986
	66.793
	.082
	-400.441
	100.469

	Left_IX
	brain-first
	-222.237
	83.677
	.029
	-536.002
	91.527

	
	HC
	-156.015
	82.683
	.188
	-466.051
	154.021

	
	body-first
	222.237
	83.677
	.029
	-91.527
	536.002

	
	HC
	66.223
	83.083
	1.000
	-245.315
	377.761

	
	body-first
	156.015
	82.683
	.188
	-154.021
	466.051

	
	brain-first
	-66.223
	83.083
	1.000
	-377.761
	245.315

	Vermis_IX
	brain-first
	-33.519
	15.454
	.099
	-91.466
	24.427

	
	HC
	-32.081
	15.270
	.116
	-89.339
	25.177

	
	body-first
	33.519
	15.454
	.099
	-24.427
	91.466

	
	HC
	1.438
	15.344
	1.000
	-56.097
	58.974

	
	body-first
	32.081
	15.270
	.116
	-25.177
	89.339

	
	brain-first
	-1.438
	15.344
	1.000
	-58.974
	56.097

	Right_IX
	brain-first
	-218.565
	76.286
	.016
	-504.614
	67.484

	
	HC
	-169.497
	75.379
	.082
	-452.147
	113.152

	
	body-first
	218.565
	76.286
	.016
	-67.484
	504.614

	
	HC
	49.068
	75.744
	1.000
	-234.951
	333.086

	
	body-first
	169.497
	75.379
	.082
	-113.152
	452.147

	
	brain-first
	-49.068
	75.744
	1.000
	-333.086
	234.951

	Left_X
	brain-first
	-40.362
	17.585
	.073
	-106.301
	25.577

	
	HC
	-45.561
	17.376
	.031
	-110.717
	19.594

	
	body-first
	40.362
	17.585
	.073
	-25.577
	106.301

	
	HC
	-5.199
	17.460
	1.000
	-70.670
	60.272

	
	body-first
	45.561
	17.376
	.031
	-19.594
	110.717

	
	brain-first
	5.199
	17.460
	1.000
	-60.272
	70.670

	Vermis_X
	brain-first
	-6.399
	5.438
	.728
	-26.789
	13.992

	
	HC
	3.354
	5.373
	1.000
	-16.794
	23.503

	
	body-first
	6.399
	5.438
	.728
	-13.992
	26.789

	
	HC
	9.753
	5.399
	.224
	-10.493
	29.999

	
	body-first
	-3.354
	5.373
	1.000
	-23.503
	16.794

	
	brain-first
	-9.753
	5.399
	.224
	-29.999
	10.493

	Right_X
	brain-first
	-49.337
	16.178
	.009
	-109.998
	11.324

	
	HC
	-43.388
	15.985
	.024
	-103.328
	16.552

	
	body-first
	49.337
	16.178
	.009
	-11.324
	109.998

	
	HC
	5.949
	16.063
	1.000
	-54.282
	66.179

	
	body-first
	43.388
	15.985
	.024
	-16.552
	103.328

	
	brain-first
	-5.949
	16.063
	1.000
	-66.179
	54.282

	Total
	brain-first
	-8.441*
	1.643
	.000
	-14.604
	-2.279

	
	HC
	-6.065
	1.624
	.001
	-12.154
	.024

	
	body-first
	8.441*
	1.643
	.000
	2.279
	14.604

	
	HC
	2.376
	1.632
	.448
	-3.742
	8.495

	
	body-first
	6.065
	1.624
	.001
	-.024
	12.154

	
	brain-first
	-2.376
	1.632
	.448
	-8.495
	3.742


This table presents the exact p-values derived from post-hoc pairwise comparisons (body-first vs. HC, brain-first vs. HC, and body-first vs. brain-first) for each of the 28 cerebellar subregions defined by the SUIT atlas. Statistical significance was assessed using ANCOVA followed by Bonferroni correction. Significant differences (p < 0.001) are indicated by asterisks in the table.
Abbreviations: GMV, gray matter volume; HC, healthy controls; Total, total gray matter volume of the cerebellum.
Based on estimated marginal means
*. The significance level of the mean difference is 0.001.
b. Multiple comparisons adjustment: Bonferroni method.



Supplementary Table 4. ROI-level characterization in bilateral cerebellar lobule VIII across groups.
	Metric
	F
(2,78)
	Overall p
	FDR q
	Partial η²
	Body vs Brain P
	Body vs HC P
	Brain vs HC P

	DMV–VIII FC
	10.497
	0.0000918
	0.000275
	0.212
	0.0000596
	0.0087
	0.2770

	VIII ALFF
	3.049
	0.0531
	0.0531
	0.073
	0.0415
	0.4145
	0.4292

	VIII ReHo
	4.271
	0.0174
	0.0261
	0.099
	0.0192
	0.0580
	0.8995


[bookmark: _GoBack]ANCOVA was used to compare bilateral lobule VIII ROI metrics across HC, brain-first PD, and body-first PD groups, with age, sex, and mean FD included as covariates. Post hoc pairwise comparisons were performed based on estimated marginal means with Tukey adjustment. FDR correction was applied across the three primary ROI outcomes. Positive adjusted mean differences indicate higher values in the body-first group than in the comparison group.


Supplementary Table 5. Full post hoc results for bilateral cerebellar lobule VIII ROI characterization.
	Metric
	Comparison
	Mean difference
	95% CI
	Adjusted p
	Significant

	DMV–cerebellar lobule VIII FC
	body-first − HC
	0.1978
	0.0355-0.3601
	0.0128
	Yes

	
	brain-first − HC
	-0.1024
	-0.2555-0.0506
	0.2524
	No

	
	body-first − brain-first
	0.3003
	0.1379-0.4626
	0.0001
	Yes

	Cerebellar lobule VIII mean ALFF
	body-first − HC
	0.0495
	-0.0564-0.1553
	0.5072
	No

	
	brain-first − HC
	-0.0616
	-0.1614-0.0382
	0.3088
	No

	
	body-first − brain-first
	0.1111
	0.0052-0.2170
	0.0375
	Yes

	Cerebellar lobule VIII mean ReHo
	body-first − HC
	0.2496
	0.0086-0.4907
	0.0406
	Yes

	
	brain-first − HC
	-0.0449
	-0.2722-0.1823
	0.8845
	No

	
	body-first − brain-first
	0.2946
	0.0536-0.5356
	0.0125
	Yes


Values are presented as mean differences with 95% confidence intervals. Pairwise comparisons were Tukey-adjusted. Positive mean differences indicate higher values in the body-first PD group than in the comparison group. DMV, dorsal motor nucleus of the vagus; ALFF, amplitude of low-frequency fluctuation; ReHo, regional homogeneity; HC, healthy control.


Supplementary Table 6. Group differences in bilateral cerebellar lobule VIII structure–function decoupling indices across body-first PD, brain-first PD and HC.
	Metric
	Body-first
	Brain-first
	HC
	Overall F
	Overall p
	FDR q
	Partial η²
	Body-first vs brain-first (Δ)
	Adj p
	Body-first vs HC (Δ)
	Adj p

	Cerebellar lobule VIII decoupling index (ALFF-based)
	1.17 ± 1.35
	-1.18 ± 1.38
	0.00 ± 1.51
	17.56
	< 0.001
	< 0.001
	0.30
	2.30
	< 0.001
	1.12
	0.0142

	Cerebellar lobule VIII decoupling index (ReHo-based)
	1.65 ± 1.55
	-0.92 ± 1.72
	0.00 ± 1.47
	17.72
	< 0.001
	< 0.001
	0.30
	2.58
	< 0.001
	1.65
	0.0008


Group values are presented as mean ± SD. Pairwise Δ values represent adjusted mean differences derived from estimated marginal means after ANCOVA adjustment for age, sex, and mean FD, with Tukey correction for multiple comparisons. FDR correction was applied across the two decoupling outcomes.

Supplementary Table 7. Multivariable linear regression and partial correlation analyses between DMV–cerebellar lobule VIII zFC and clinical burden in PD.
	Outcome
	Standardized β
	B (95% CI)
	Regression p
	Regression q_FDR
	Partial r
	Partial p
	Partial q_FDR

	FOG-Q
	0.635
	6.678 (5.194 to 8.163)
	< 0.001
	< 0.001
	0.800
	< 0.001
	< 0.001

	UPDRS III total
	0.907
	33.291 (28.941 to 37.641)
	< 0.001
	< 0.001
	0.915
	< 0.001
	< 0.001

	UPDRS III item 12
	0.754
	2.549 (1.897 to 3.201)
	< 0.001
	< 0.001
	0.757
	< 0.001
	< 0.001

	NMSQ
	0.657
	11.883 (8.642 to 15.123)
	< 0.001
	< 0.001
	0.736
	< 0.001
	< 0.001

	PDSS
	-0.795
	-51.335 (-65.117 to -37.553)
	< 0.001
	< 0.001
	-0.742
	< 0.001
	< 0.001


Regression models were adjusted for age, sex, disease duration, LEDD, mean framewise displacement (mean FD), and group (body-first vs brain-first). Partial correlations were calculated using the residual method with the same covariates. False discovery rate (FDR) correction was applied across the tested clinical outcomes within each analytic approach. Positive β, B, and partial r values indicate that higher DMV–cerebellar lobule VIII functional connectivity is associated with greater clinical burden, whereas negative values indicate an association with lower scores. For PDSS, lower scores indicate poorer sleep quality. Abbreviations: DMV, dorsal motor nucleus of the vagus; LEDD, levodopa equivalent daily dose; FOG-Q, Freezing of Gait Questionnaire; UPDRS, Unified Parkinson’s Disease Rating Scale; NMSQ, Non-Motor Symptoms Questionnaire; PDSS, Parkinson’s Disease Sleep Scale.


Supplementary Table 8. FDR-significant enrichment terms of lobule VIII-enriched genes across different gene-set thresholds.
	Gene-set size
	Rank
	Gene set
	Term
	Ontology ID
	Overlap
	P value
	FDR
(adjusted P)
	Odds ratio
	Combined score
	Genes

	Top100
	1
	GO_Biological_Process_2023
	Stem Cell Development
	GO:0048864
	3/15
	< 0.001
	0.021
	51.26
	504.81
	FAM172A; SNAI2; NRG1

	Top100
	2
	GO_Biological_Process_2023
	Neural Crest Cell Development
	GO:0014032
	4/44
	< 0.001
	0.021
	20.69
	198.37
	FAM172A; SEMA3G; SNAI2; NRG1

	Top100
	3
	GO_Biological_Process_2023
	Neural Crest Cell Differentiation
	GO:0014033
	3/18
	< 0.001
	0.021
	41.00
	380.29
	FAM172A; SNAI2; NRG1

	Top300
	1
	GO_Biological_Process_2023
	Neural Crest Cell Development
	GO:0014032
	6/44
	< 0.001
	0.045
	10.56
	105.15
	NELL1; FAM172A; SEMA3G; SNAI2; NRG1; SEMA4G

	Top300
	2
	GO_Biological_Process_2023
	Negative Regulation Of Signal Transduction
	GO:0009968
	14/267
	< 0.001
	0.045
	3.76
	36.90
	GRB7; NXN; PALM3; TULP3; NRG1; CYP26A1; CYP26B1; SOCS1; NEURL1; SNAI2; SOSTDC1; PPARG; HIF1AN; SNCA

	Top500
	1
	GO_Biological_Process_2023
	Negative Regulation Of Signal Transduction
	GO:0009968
	20/267
	< 0.001
	0.030
	3.25
	36.31
	GRB7; PRKCB; NXN; MAZ; PALM3; TULP3; NRG1; CYP26A1; CYP26B1; SOCS1; TCIM; NEURL1; AKT1; SNAI2; SOSTDC1; SPRY2; PPARG; HIF1AN; EZH2; SNCA


This table summarizes the enrichment terms that survived FDR correction across the top 100, 200, 300, and 500 lobule VIII-enriched gene sets. Genes were ranked according to their relative expression difference between bilateral cerebellar lobule VIII and the remaining cerebellum based on Allen Human Brain Atlas normative expression data. Functional enrichment analysis was performed using Enrichr. Only terms with FDR-adjusted P < 0.05 are shown. No FDR-significant enrichment term was identified for the top 200 gene set. The top 300 gene set was used as the primary enrichment threshold, whereas the top 100, 200, and 500 gene sets were examined as sensitivity thresholds.


Supplementary Table 9. Exploratory classification performance and paired comparison of Models 1 and 2.
	Measure
	Model 1
	Model 2
	Model 2 vs Model 1

	Model predictors
	DMV–lobule VIII FC
	DMV–lobule VIII FC + DI_ALFF + DI_ReHo
	—

	AUC
	0.779
	0.929
	

	Bootstrap 95% CI for AUC
	0.641–0.903
	0.849–0.988
	—

	ΔAUC
	—
	—
	0.150

	Paired bootstrap 95% CI for ΔAUC
	—
	—
	0.028–0.279

	Paired bootstrap P value
	—
	—
	0.0136

	DeLong 95% CI for ΔAUC
	—
	—
	0.024–0.276

	DeLong Z
	—
	—
	2.333

	DeLong P value
	—
	—
	0.0197

	Sensitivity
	0.708
	0.917
	—

	Specificity
	0.833
	0.867
	—

	Accuracy
	0.778
	0.889
	—

	Balanced accuracy
	0.771
	0.892
	—

	Youden threshold
	0.510
	0.441
	—


Model 1 included DMV–lobule VIII functional connectivity alone. Model 2 additionally included ALFF- and ReHo-based structure–function decoupling indices. AUC differences were evaluated using stratified paired bootstrap resampling at the participant level (10,000 iterations). The DeLong test for correlated ROC curves was performed as a sensitivity analysis.

Supplementary Figures
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Supplementary Fig. 1. Anatomical reference of the bilateral DMV seed region used for seed-based functional connectivity analysis.
The bilateral DMV seed was manually defined in MNI space around the coordinates ±4, −37, −54 with anatomical reference to the Allen Human Brain Atlas. Coronal, sagittal, and axial views are shown.
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Supplementary Fig. 2. Sensitivity analysis of subtype-related DMV-centered functional connectivity after adjustment for disease severity.
Whole-brain comparison of dorsal motor nucleus of the vagus (DMV)-seeded functional connectivity between body-first and brain-first Parkinson’s disease after additional adjustment for age, sex, mean framewise displacement, disease duration, levodopa equivalent daily dose, and UPDRS III score. Warm colors indicate greater DMV-centered functional connectivity in body-first than brain-first Parkinson’s disease, whereas cool colors indicate the reverse contrast. Statistical maps were thresholded at voxel-level P < 0.001 and cluster-level P < 0.05, GRF-corrected.
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Supplementary Fig. 3. Quantitative assessment of CSF overlap within the bilateral DMV seed. 
The seed comprised 12 voxels on a 3 × 3 × 3 mm grid. (A) CSF overlap was defined as the percentage of seed voxels with a participant-specific CSF probability ≥ 0.5, sampled at voxel centers. (B) Mean CSF probability across the 12 seed voxels for each participant. Participants are ordered by group, with blue, orange, and green indicating body-first PD, brain-first PD, and healthy controls, respectively. Black horizontal lines in B indicate group means. CSF probabilities were sampled at seed voxel centers using trilinear interpolation. CSF, cerebrospinal fluid; DMV, dorsal motor nucleus of the vagus; PD, Parkinson’s disease.
CSF quality-control analysis showed zero threshold-defined overlap in all 84 participants, including 24 patients with body-first PD, 30 patients with brain-first PD, and 30 healthy controls (Fig. A). The median seed–CSF overlap was 0% (range, 0–0%) in each group, with no seed voxels exhibiting a CSF probability ≥ 0.5 (Fig. B).
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