Supplementary Table S1. Gradient de-differentiation × glymphatic-proxy partial correlations (PD).
	grad
	glymph
	r
	p
	n
	p_fdr

	Sensorimotor–Control segregation
	bold_csf_coupling
	0.216
	0.000
	302
	0.008

	Mean network segregation
	bold_csf_coupling
	0.160
	0.005
	302
	0.068

	Visual–Control segregation
	bold_csf_coupling
	0.160
	0.005
	302
	0.068

	Mean network segregation
	orient_dispersion
	-0.154
	0.007
	302
	0.068

	Mean network segregation
	orient_entropy
	-0.150
	0.009
	302
	0.068

	Gradient eccentricity
	orient_entropy
	-0.148
	0.010
	302
	0.068

	Visual–Default segregation
	orient_dispersion
	-0.145
	0.011
	302
	0.068

	G3 range
	ALPS
	0.140
	0.015
	299
	0.077

	Visual–Default segregation
	bold_csf_coupling
	0.137
	0.017
	302
	0.077

	G3 range
	bold_csf_coupling
	0.134
	0.019
	302
	0.077

	Gradient eccentricity
	orient_dispersion
	-0.130
	0.024
	302
	0.077

	Visual–Control segregation
	orient_dispersion
	-0.128
	0.026
	302
	0.077

	Visual–Default segregation
	orient_entropy
	-0.128
	0.026
	302
	0.077

	Mean network segregation
	pvs_volfrac
	-0.128
	0.026
	302
	0.077

	Visual–Control segregation
	ALPS
	0.126
	0.029
	299
	0.082

	Gradient eccentricity
	pvs_volfrac
	-0.121
	0.035
	302
	0.092

	Visual–Default segregation
	pvs_volfrac
	-0.107
	0.062
	302
	0.154

	G3 dispersion (SD)
	bold_csf_coupling
	0.096
	0.096
	302
	0.215

	Visual–Control segregation
	orient_entropy
	-0.095
	0.100
	302
	0.215

	Visual–Default segregation
	ALPS
	0.095
	0.102
	299
	0.215

	Mean network segregation
	ALPS
	0.090
	0.122
	299
	0.234

	G3 dispersion (SD)
	ALPS
	0.089
	0.123
	299
	0.234

	Visual–Control segregation
	pvs_volfrac
	-0.085
	0.139
	302
	0.247

	Sensorimotor–Control segregation
	pvs_volfrac
	-0.085
	0.141
	302
	0.247

	Mean network segregation
	len_max
	-0.063
	0.273
	302
	0.458

	Gradient eccentricity
	len_max
	-0.061
	0.292
	302
	0.472

	Visual–Default segregation
	len_max
	-0.057
	0.328
	302
	0.509

	Sensorimotor–Control segregation
	len_max
	-0.048
	0.401
	302
	0.602

	Sensorimotor–Control segregation
	orient_entropy
	-0.044
	0.444
	302
	0.625

	Visual–Control segregation
	len_max
	-0.044
	0.447
	302
	0.625

	G3 range
	orient_entropy
	-0.041
	0.474
	302
	0.642

	Gradient eccentricity
	bold_csf_coupling
	0.038
	0.511
	302
	0.671

	G3 dispersion (SD)
	len_max
	0.034
	0.552
	302
	0.702

	G3 range
	len_max
	0.030
	0.606
	302
	0.744

	Sensorimotor–Control segregation
	orient_dispersion
	-0.029
	0.620
	302
	0.744

	G3 dispersion (SD)
	pvs_volfrac
	0.016
	0.781
	302
	0.887

	G3 dispersion (SD)
	orient_entropy
	-0.014
	0.814
	302
	0.887

	G3 dispersion (SD)
	orient_dispersion
	-0.013
	0.818
	302
	0.887

	G3 range
	orient_dispersion
	-0.013
	0.824
	302
	0.887

	Gradient eccentricity
	ALPS
	-0.007
	0.907
	299
	0.949

	Sensorimotor–Control segregation
	ALPS
	0.005
	0.926
	299
	0.949

	G3 range
	pvs_volfrac
	-0.001
	0.991
	302
	0.991


Partial Pearson correlations adjusting for age, sex, education and mean framewise displacement. glymph: ALPS, DTI-ALPS index; bold_csf_coupling, global BOLD–CSF coupling; pvs_, basal-ganglia perivascular-space morphometry. P(FDR), Benjamini–Hochberg across all cells. Positive r with ALPS/BOLD–CSF and negative r with PVS burden both indicate that worse glymphatic function accompanies a more contracted hierarchy.*

Supplementary Table S2. Mediation models: glymphatic → de-differentiation → motor severity.
	X
	M
	Y
	a
	b
	indirect
	ci_lo
	ci_hi
	total
	direct
	sig
	n
	model

	ALPS
	seg_mean
	UPDRS3
	0.098
	-0.174
	-0.017
	-0.049
	0.007
	-0.172
	-0.155
	0
	298
	glymph->grad->UPDRS3

	ALPS
	G3_std
	UPDRS3
	0.100
	-0.128
	-0.013
	-0.040
	0.004
	-0.172
	-0.159
	0
	298
	glymph->grad->UPDRS3

	ALPS
	seg_Vis_Cont
	UPDRS3
	0.140
	-0.183
	-0.026
	-0.060
	-0.000
	-0.172
	-0.146
	1
	298
	glymph->grad->UPDRS3

	bold_csf_coupling
	seg_mean
	UPDRS3
	0.169
	-0.171
	-0.029
	-0.060
	-0.007
	-0.074
	-0.046
	1
	301
	glymph->grad->UPDRS3

	bold_csf_coupling
	G3_std
	UPDRS3
	0.103
	-0.129
	-0.013
	-0.036
	0.003
	-0.074
	-0.061
	0
	301
	glymph->grad->UPDRS3

	bold_csf_coupling
	seg_Vis_Cont
	UPDRS3
	0.171
	-0.185
	-0.032
	-0.064
	-0.007
	-0.074
	-0.043
	1
	301
	glymph->grad->UPDRS3

	orient_entropy
	seg_mean
	UPDRS3
	-0.163
	-0.197
	0.032
	0.003
	0.074
	-0.096
	-0.128
	1
	301
	glymph->grad->UPDRS3

	orient_entropy
	G3_std
	UPDRS3
	-0.017
	-0.137
	0.002
	-0.014
	0.018
	-0.096
	-0.098
	0
	301
	glymph->grad->UPDRS3

	orient_entropy
	seg_Vis_Cont
	UPDRS3
	-0.105
	-0.203
	0.021
	-0.009
	0.057
	-0.096
	-0.117
	0
	301
	glymph->grad->UPDRS3

	pvs_volfrac
	seg_mean
	UPDRS3
	-0.136
	-0.188
	0.026
	0.002
	0.057
	-0.052
	-0.077
	1
	301
	glymph->grad->UPDRS3

	pvs_volfrac
	G3_std
	UPDRS3
	0.014
	-0.134
	-0.002
	-0.024
	0.016
	-0.052
	-0.050
	0
	301
	glymph->grad->UPDRS3

	pvs_volfrac
	seg_Vis_Cont
	UPDRS3
	-0.093
	-0.198
	0.018
	-0.005
	0.045
	-0.052
	-0.070
	0
	301
	glymph->grad->UPDRS3


Product-of-coefficients mediation with 5,000 bootstrap resamples; a, exposure→mediator; b, mediator→outcome; indirect = a×b with bias-corrected 95% CI (ci_lo, ci_hi); sig=1 if CI excludes zero. Cross-sectional; orderings are statistically compatible alternatives, not proven causal direction.

Supplementary Table S3. Incremental variance in MDS-UPDRS-III explained by gradient and glymphatic measures.
	model
	R2
	dR2
	dR2_vs_glymph

	cov
	0.096
	
	

	cov+grad
	0.133
	0.037
	

	cov+glymph
	0.133
	0.037
	

	cov+grad+glymph
	0.167
	
	0.034


Nested linear models (covariates: age, sex, education, motion). ΔR² shows independent contributions of gradient and glymphatic blocks.

Supplementary Table S4. Common-cause control: gradient–glymphatic coupling with and without adjustment for motor severity.
	grad
	gly
	r_cov
	p_cov
	r_plusUPDRS
	p_plusUPDRS

	seg_SomMot_Cont
	bold_csf_coupling
	0.221
	0.000
	0.211
	0.000

	seg_mean
	bold_csf_coupling
	0.167
	0.004
	0.156
	0.006

	seg_mean
	orient_entropy
	-0.154
	0.008
	-0.175
	0.002

	seg_Vis_Default
	orient_dispersion
	-0.143
	0.013
	-0.159
	0.006


Partial correlations before (r_cov) and after additionally controlling MDS-UPDRS-III (r_plusUPDRS). Minimal attenuation argues against the coupling being a by-product of shared dependence on disease severity.

Supplementary Table S5. External independent-cohort validation (manifest PD, n=61).
	feature
	beta
	p_twosided
	p_onesided_neg
	n
	replicated
	p_fdr_1s

	Visual–Control segregation
	-0.155
	0.235
	0.118
	61
	0
	0.141

	Sensorimotor–Control segregation
	-0.276
	0.035
	0.017
	61
	1
	0.052

	Visual–Default segregation
	-0.289
	0.025
	0.013
	61
	1
	0.052

	Mean network segregation
	-0.250
	0.058
	0.029
	61
	1
	0.058

	G3 dispersion (SD)
	-0.215
	0.130
	0.065
	61
	0
	0.098

	G3 range
	-0.133
	0.354
	0.177
	61
	0
	0.177


Pre-specified one-sided test (expected negative β) of discovery-significant features against MDS-UPDRS-III in an independent cohort (different scanner, DPARSF preprocessing, medicated PD). p_onesided_neg, one-sided P; p_fdr_1s, FDR across the pre-specified set; replicated=1 if direction-consistent and one-sided P<0.05.

Supplementary Table S6. Internal discovery/replication stability (1,000 random splits).
	feature
	mean_beta
	dir_consistent_pct
	both_sig_pct

	Mean network segregation
	-0.195
	99.900
	33.100

	Visual–Control segregation
	-0.211
	99.900
	51.900

	Sensorimotor–Control segregation
	-0.207
	99.900
	48.200

	Visual–Default segregation
	-0.203
	99.900
	45.100

	Sensorimotor–Default segregation
	-0.161
	99.700
	1.400

	G3 dispersion (SD)
	-0.150
	99.400
	0.000

	G3 range
	-0.171
	99.800
	4.100

	Gradient eccentricity
	-0.091
	85.800
	0.000


For each feature: mean β across splits; dir_consistent_pct, % of splits with concordant direction across halves; both_sig_pct, % of splits significant in both halves (power-limited at n≈150).

Supplementary Table S7. Longitudinal prediction of motor change (baseline gradients → SFL3, n=73).
	endpoint
	feature
	beta
	p
	n
	p_fdr

	HY_rate
	Visual–Control segregation
	0.169
	0.141
	73
	0.674

	HY_rate
	Visual–Default segregation
	0.151
	0.193
	73
	0.674

	HY_rate
	G3 range
	-0.080
	0.480
	73
	0.831

	HY_rate
	G3 dispersion (SD)
	-0.077
	0.492
	73
	0.831

	HY_rate
	Mean network segregation
	0.064
	0.593
	73
	0.831

	HY_rate
	Gradient eccentricity
	0.038
	0.755
	73
	0.881

	HY_rate
	Sensorimotor–Control segregation
	0.003
	0.976
	73
	0.976

	MoCA_rate
	G3 dispersion (SD)
	0.207
	0.065
	74
	0.263

	MoCA_rate
	G3 range
	0.206
	0.075
	74
	0.263

	MoCA_rate
	Sensorimotor–Control segregation
	-0.043
	0.711
	74
	0.979

	MoCA_rate
	Visual–Default segregation
	-0.044
	0.716
	74
	0.979

	MoCA_rate
	Mean network segregation
	-0.037
	0.764
	74
	0.979

	MoCA_rate
	Visual–Control segregation
	0.010
	0.935
	74
	0.979

	MoCA_rate
	Gradient eccentricity
	0.003
	0.979
	74
	0.979

	UPDRS3_rate
	Visual–Default segregation
	0.328
	0.007
	73
	0.049

	UPDRS3_rate
	Visual–Control segregation
	0.299
	0.014
	73
	0.049

	UPDRS3_rate
	Mean network segregation
	0.258
	0.039
	73
	0.092

	UPDRS3_rate
	Gradient eccentricity
	0.194
	0.113
	73
	0.199

	UPDRS3_rate
	Sensorimotor–Control segregation
	0.148
	0.218
	73
	0.306

	UPDRS3_rate
	G3 range
	-0.044
	0.702
	73
	0.718

	UPDRS3_rate
	G3 dispersion (SD)
	-0.040
	0.718
	73
	0.718


Standardized β of baseline features predicting annualized change, adjusting for baseline score, age, sex, education and follow-up interval. Exploratory: single follow-up; follow-up UPDRS-III is medication-modified.

Supplementary Table S8. Head-motion sensitivity of the headline motor associations.
	feature
	beta_base
	p_base
	beta_strict
	p_strict
	n

	Visual–Control segregation
	-0.208
	0.001
	-0.169
	0.005
	301

	Sensorimotor–Control segregation
	-0.205
	0.001
	-0.179
	0.004
	301

	Visual–Default segregation
	-0.201
	0.001
	-0.174
	0.004
	301

	Mean network segregation
	-0.193
	0.001
	-0.161
	0.008
	301

	G3 dispersion (SD)
	0.004
	0.943
	0.025
	0.683
	301

	G3 range
	-0.015
	0.810
	0.007
	0.908
	301


Headline associations re-estimated with additional motion covariates (maximum framewise displacement and number of scrubbed frames). Persistence indicates the effects are not motion artefacts. See also low-motion-subsample analysis.

Supplementary Table S9. Voxel-wise G1–UPDRS-III cluster-level permutation inference.
	cluster_size
	cluster_p

	98
	0.002

	59
	0.002

	21
	0.019

	14
	0.043

	13
	0.046

	10
	0.069

	10
	0.069

	8
	0.109

	8
	0.109

	7
	0.128

	7
	0.128

	6
	0.169

	5
	0.234

	5
	0.234

	4
	0.330

	4
	0.330

	3
	0.487

	3
	0.487

	3
	0.487

	3
	0.487

	3
	0.487

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	2
	0.732

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994

	1
	0.994


Cluster sizes (number of 4-mm nodes) and family-wise-error cluster-level P values from 1,000 permutations (cluster-forming P<0.001).

Supplementary Table S10. Transcriptomic association spin-test.
	R2
	p_spin
	null_mean
	null_p95
	n_region
	n_surrogate

	0.451
	0.001
	0.157
	0.292
	400
	1000


PLS-regression R² of the gradient–motor effect map versus cortical gene expression, with a spatial-autocorrelation-preserving (variogram surrogate) null; p_spin, spin-test P; null_mean / null_p95, null distribution summaries.

Supplementary Table S11. Cognitive stratification: a confounded, null secondary analysis.
Patients were stratified by education-adjusted MoCA into PD with normal cognition (PD-NC), PD with mild cognitive impairment (PD-MCI), and PD with moderate-to-severe cognitive impairment (PD-msCI). Connectome-gradient de-differentiation did not track this cognitive axis, which is itself strongly confounded by education; motor severity was therefore used as the primary clinical endpoint.
Panel A. Characteristics by cognitive stratum.
	Variable
	PD-NC
	PD-MCI
	PD-msCI

	n
	92
	126
	84

	Age (years)
	56.8 ± 9.2
	59.8 ± 9.1
	62.8 ± 6.7

	Education (years)
	12.0 ± 3.3
	10.4 ± 3.7
	6.0 ± 4.3

	MMSE
	28.5 ± 1.9
	27.7 ± 1.7
	23.3 ± 4.1

	MoCA
	26.7 ± 1.4
	22.6 ± 1.5
	15.4 ± 3.1

	MDS-UPDRS-III
	18.0 ± 8.1
	19.5 ± 9.0
	25.0 ± 12.2

	Hoehn–Yahr
	1.6 ± 0.6
	1.6 ± 0.5
	1.9 ± 0.6


Panel B. De-differentiation features across strata (group means) and ordinal trend.
	Feature
	PD-NC
	PD-MCI
	PD-msCI
	Trend β
	Trend P

	Visual–Control segregation
	7.534
	7.864
	7.212
	–0.028
	0.756

	Sensorimotor–Control segregation
	5.752
	5.822
	5.164
	–0.088
	0.336

	Visual–Default segregation
	7.458
	8.102
	7.553
	–0.009
	0.922

	Mean network segregation
	4.943
	5.119
	4.854
	–0.066
	0.469

	G3 range
	10.205
	10.447
	10.032
	–0.047
	0.603

	G3 dispersion (SD)
	2.828
	2.944
	2.850
	–0.022
	0.810

	Gradient eccentricity
	6.378
	6.677
	6.491
	–0.071
	0.435


Panel C. Association of de-differentiation features with global cognition (within PD).
	Endpoint
	Feature
	β
	P
	P(FDR)

	MoCA
	Visual–Control segregation
	0.075
	0.352
	0.493

	MoCA
	Sensorimotor–Control segregation
	0.178
	0.028
	0.199

	MoCA
	Visual–Default segregation
	0.086
	0.285
	0.493

	MoCA
	Mean network segregation
	0.148
	0.066
	0.231

	MoCA
	G3 range
	0.002
	0.979
	0.979

	MoCA
	G3 dispersion (SD)
	–0.006
	0.937
	0.979

	MoCA
	Gradient eccentricity
	0.119
	0.140
	0.327

	MMSE
	Visual–Control segregation
	0.091
	0.207
	0.342

	MMSE
	Sensorimotor–Control segregation
	0.121
	0.095
	0.334

	MMSE
	Visual–Default segregation
	0.084
	0.244
	0.342

	MMSE
	Mean network segregation
	0.124
	0.086
	0.334

	MMSE
	G3 range
	0.028
	0.701
	0.735

	MMSE
	G3 dispersion (SD)
	0.024
	0.735
	0.735

	MMSE
	Gradient eccentricity
	0.091
	0.207
	0.342


Panel A: mean ± SD. Education differs markedly across strata (12.0, 10.4, 6.0 years), and education alone explains 45% of MoCA variance versus 15% for age and sex combined, so MoCA largely indexes premorbid education in this cohort. Panel B: group means are not monotonic across strata (for example, mean network segregation is highest in PD-MCI), and the education-, age-, sex- and motion-adjusted ordinal trend is non-significant for all features. Panel C: standardized regression coefficients (β) of each z-scored feature on MoCA or MMSE, adjusting for age, sex, education and mean framewise displacement; no association survived false-discovery-rate correction within either endpoint (all P[FDR] > 0.05). Coefficient signs are concordant with the motor findings (lower segregation with poorer cognition) but did not reach corrected significance. These results, together with the education confound, are why cognition was not pursued as a primary endpoint and motor severity (MDS-UPDRS-III, Hoehn–Yahr) was used instead.
Supplementary Table S12. MRI acquisition parameters for the discovery and external-validation cohorts.
	Parameter
	Discovery: Siemens Verio 3T
	Discovery: GE Discovery MR750 3T
	External: GE Discovery MR750 3T

	Site / scanned participants
	Affiliated Brain Hospital of NMU; all 340 PD + 148 HC
	Affiliated Brain Hospital of NMU; 38 HC
	2nd Affiliated Hospital, Zhejiang University; PD/prodromal-PD/HC

	Resting-state fMRI
	
	
	

	  Sequence
	2D gradient-echo EPI
	2D gradient-echo EPI
	2D gradient-echo EPI

	  TR (ms)
	2000
	2400
	2000

	  TE (ms)
	30
	30
	30

	  Flip angle (°)
	90
	90
	77

	  In-plane matrix
	64 × 64
	64 × 64
	64 × 64

	  Voxel size (mm)
	3.4 × 3.4 × 4.1
	3.0 × 3.0 × 3.0
	3.75 × 3.75 × 4.0

	  Slice thickness (mm)
	3.5
	3.0
	4.0

	  Slices
	31
	46
	38

	  Volumes acquired
	240
	217
	195

	Structural T1
	
	
	

	  Sequence
	3D MPRAGE
	3D BRAVO
	3D FSPGR

	  TR (ms)
	2530
	7.4
	7.3

	  TE (ms)
	3.34
	3.06
	3.04

	  TI (ms)
	1100
	450
	450

	  Flip angle (°)
	7
	12
	11

	  In-plane matrix
	192 (recon 512)
	256 × 256
	256 × 256

	  Voxel size (mm)
	0.5 × 0.5 × 1.33 (recon)
	1.0 × 1.0 × 1.0
	1.0 × 1.0 × 1.2

	Diffusion MRI
	
	
	

	  Sequence
	2D spin-echo EPI
	not acquired
	not acquired

	  Directions / b0
	64 / 1
	—
	—

	  b-value (s/mm²)
	1000
	—
	—

	  TR / TE (ms)
	9000 / 104
	—
	—

	  Voxel size (mm)
	1.8 × 1.8 × 2.5
	—
	—

	  Slices
	49
	—
	—


All 340 patients with PD were scanned on a single 3 T Siemens Verio system; healthy controls were scanned on the same Siemens Verio (n=148) or on a 3 T GE Discovery MR750 (n=38). Because every primary analysis in this study is performed within the PD group (associations of de-differentiation with motor severity, gradient–glymphatic coupling, mediation, transcriptomic alignment, and longitudinal prediction), these analyses are single-scanner by construction and are not affected by between-scanner differences. The only cross-scanner contrast is the secondary healthy-control-versus-PD comparison, which was null. Diffusion MRI (for DTI-ALPS) was acquired only in the discovery cohort; the external cohort had no diffusion sequence, so the gradient–glymphatic coupling could not be tested externally (stated in the main-text limitations). MPRAGE/BRAVO/FSPGR, vendor 3D T1 sequences; EPI, echo-planar imaging; TR, repetition time; TE, echo time; TI, inversion time.
Supplementary Table S13. Associations between connectome-gradient de-differentiation features and motor severity within drug-naïve Parkinson's disease (full feature set).
Part A: MDS-UPDRS-III
	Feature
	β
	P
	P(FDR)
	N

	Visual–Control segregation
	-0.208
	0.001
	0.006
	301

	Sensorimotor–Control segregation
	-0.205
	0.001
	0.006
	301

	Visual–Default segregation
	-0.201
	0.001
	0.006
	301

	Mean network segregation
	-0.193
	0.001
	0.008
	301

	G3 range
	-0.168
	0.005
	0.025
	301

	Sensorimotor–Default segregation
	-0.162
	0.007
	0.027
	301

	G3 dispersion (SD)
	-0.148
	0.015
	0.048
	301

	Gradient eccentricity
	-0.094
	0.120
	0.252
	301

	G3 explained variance
	-0.077
	0.201
	0.385
	301


Part B: Hoehn–Yahr stage
	Feature
	β
	P
	P(FDR)
	N

	G3 dispersion (SD)
	-0.214
	0.000
	0.007
	302

	G3 range
	-0.195
	0.001
	0.011
	302

	Mean network segregation
	-0.168
	0.004
	0.032
	302

	Visual–Control segregation
	-0.154
	0.009
	0.046
	302

	Sensorimotor–Control segregation
	-0.153
	0.010
	0.046
	302

	Gradient eccentricity
	-0.146
	0.013
	0.051
	302

	Visual–Default segregation
	-0.141
	0.016
	0.054
	302

	G3 explained variance
	-0.126
	0.033
	0.059
	302

	Sensorimotor–Default segregation
	-0.125
	0.035
	0.059
	302


Standardized linear-regression coefficients (β) with covariates age, sex, education, and mean framewise displacement; features were z-scored. P, uncorrected; P(FDR), Benjamini–Hochberg false-discovery-rate correction within each endpoint family. Negative β indicates reduced segregation/dispersion (a more contracted, de-differentiated hierarchy) with greater motor severity. N, number of participants. (Moved from the main text to comply with the journal's five-display-item limit.)

Supplementary Table S14. Headline associations are independent of gray-matter volume, and a composite index of the glymphatic-related measures relates to hierarchy de-differentiation more consistently than any single measure.
Within-PD analyses (n≈301–310 with complete data); covariates age, sex, education and mean framewise displacement. “+GM&TIV” additionally adjusts for whole-brain gray-matter volume and total intracranial volume. Mediation used 5,000 bootstrap resamples.
Part A: Headline associations before vs after gray-matter adjustment
	Association
	Base
	p
	+GM&TIV
	p

	Visual–control segregation × MDS-UPDRS-III
	β=−0.21
	0.0005
	β=−0.19
	0.0020

	Sensorimotor–control segregation × MDS-UPDRS-III
	β=−0.21
	0.0007
	β=−0.18
	0.0025

	Visual–default segregation × MDS-UPDRS-III
	β=−0.20
	0.0008
	β=−0.18
	0.0028

	Mean segregation × MDS-UPDRS-III
	β=−0.19
	0.0013
	β=−0.17
	0.0055

	Sensorimotor–control segregation × BOLD–CSF coupling
	r=0.19
	0.0006
	r=0.20
	0.0004

	Mean segregation × BOLD–CSF coupling
	r=0.13
	0.021
	r=0.15
	0.010


Part B: Composite index of glymphatic-related measures vs hierarchy de-differentiation (partial r)
	Gradient feature
	r
	p

	Mean segregation
	0.21
	<0.001

	Visual–control segregation
	0.20
	<0.001

	Visual–default segregation
	0.18
	0.001

	Sensorimotor–control segregation
	0.17
	0.003


Part C: Coherent association web (partial correlations)
	Pair
	r
	p / 95% CI

	Composite glymphatic index ↔ gray-matter fraction
	0.30
	<0.001

	Gray-matter fraction ↔ mean segregation
	0.19
	0.001

	Gray-matter fraction ↔ MDS-UPDRS-III
	−0.18
	0.004

	Mean segregation ↔ MDS-UPDRS-III
	−0.19
	<0.01

	Serial mediation (glymphatic→GM→de-diff→motor), indirect
	+0.001
	95% CI [−0.001, +0.005], n.s.



