Functional Connectivity Gradients Reveal Cortical Hierarchical Reorganization Across the Cirrhosis–Hepatic Encephalopathy Spectrum
Supplementary Methods
MRI data acquisition
All MRI examinations were performed on a 3.0-T MRI scanner (uMR 770, United Imaging Healthcare) using a 32-channel head coil. Conventional T2-weighted and T2-fluid-attenuated inversion recovery (T2-FLAIR) images were acquired to exclude intracranial structural abnormalities. The coronal T2-weighted images were obtained using a fast spin-echo sequence with the following parameters: repetition time (TR) = 2400 ms, echo time (TE) = 112.64 ms, refocusing flip angle = 150°, echo train length = 21, field of view (FOV) = 200 × 230 mm², acquisition matrix = 320 × 222, slice thickness = 5 mm, interslice gap = 1.5 mm, and 10 slices. The transverse T2-FLAIR images were acquired with TR = 9000 ms, TE = 91 ms, inversion time (TI) = 2500 ms, refocusing flip angle = 150°, echo train length = 31, FOV = 220 × 220 mm², acquisition matrix = 256 × 256, slice thickness = 3 mm, interslice gap = 0.9 mm, and 40 slices. High-resolution three-dimensional T1-weighted structural images were acquired using a spoiled gradient-echo sequence with the following parameters: TR = 6.94 ms, TE = 3 ms, TI = 750 ms, flip angle = 9°, echo train length = 160, FOV = 256 × 256 mm², acquisition matrix = 256 × 256, acquired voxel size = 1 × 1 × 1 mm³, slice thickness = 1 mm, interslice gap = 0 mm, and 176 sagittal slices. Resting-state functional MRI (rs-fMRI) data were acquired using a two-dimensional echo-planar imaging (EPI) sequence with the following parameters: TR = 2000 ms, TE = 30 ms, flip angle = 90°, echo train length = 32, FOV = 240 × 240 mm², acquisition matrix = 64 × 64, voxel size = 3.75 × 3.75 × 4.0 mm³, slice thickness = 4 mm, interslice gap = 0 mm, and 33 axial slices. Each run comprised 240 functional volumes and lasted approximately 8 min.
Resting-State fMRI Data Preprocessing
Resting-state functional magnetic resonance imaging (rs-fMRI) data were preprocessed in MATLAB R2021a using the Data Processing & Analysis for Brain Imaging (DPABI) toolbox and its Data Processing Assistant for Resting-State fMRI Advanced Edition (DPARSFA, version 5.5_250415) [1]. The first 10 volumes of each functional scan were discarded to minimize signal fluctuations before magnetization reached a steady state, leaving 230 volumes for subsequent analysis. Slice-timing correction was then performed according to the 33-slice interleaved descending acquisition sequence, with the 33rd slice used as the reference. Head motion during scanning was corrected using rigid-body realignment.
For each participant, the T1-weighted structural image was skull-stripped and coregistered to the mean functional image. The structural image was segmented into gray matter, white matter, and cerebrospinal fluid using the New Segment algorithm [2], with affine regularization based on an East Asian population template. High-dimensional spatial normalization was subsequently performed using Diffeomorphic Anatomical Registration Through Exponentiated Lie Algebra (DARTEL) [3]. The deformation parameters generated by DARTEL were applied to normalize the functional images to Montreal Neurological Institute (MNI) space. The normalized images were resampled to isotropic 3 × 3 × 3 mm³ voxels and spatially smoothed using a 4-mm full width at half maximum (FWHM) Gaussian kernel.
Nuisance covariate regression was performed to remove the Friston-24 head-motion parameters [4], mean white matter signal, and mean cerebrospinal fluid signal. For time points with a Jenkinson framewise displacement (FD) greater than 0.3 mm, corresponding spike regressors were included in the regression model for scrubbing [5, 6]. Global signal regression was not performed. The data were subsequently linearly detrended and temporally bandpass filtered at 0.01–0.10 Hz.
For quality control, participants were excluded if more than 10.0% of the functional volumes—more than 23 volumes—were identified as having excessive head motion. Participants were also excluded if the maximum translation exceeded 3 mm along any axis or the maximum rotation exceeded 3°.
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Supplementary Fig. 1. Hedges’ g effect sizes for pairwise comparisons of principal functional connectivity gradient (G1) network scores among the three groups. The horizontal axis represents the seven Yeo functional networks, and the vertical axis represents the pairwise group comparisons. Values within each cell indicate Hedges’ g effect sizes calculated after adjustment for age, sex, and years of education. Positive values indicate higher G1 scores in the first group listed in the row label than in the second group, whereas negative values indicate lower G1 scores in the first group. Warm colors represent positive effect sizes, cool colors represent negative effect sizes, and color intensity reflects the absolute magnitude of the effect size. Asterisks indicate significant pairwise differences after false discovery rate (FDR) correction. *P < 0.05, **P < 0.01, ***P < 0.001. Abbreviations: Vis, visual network; SomMot, somatomotor network; DorsAttn, dorsal attention network; SalVentAttn, salience/ventral attention network; Limbic, limbic network; Cont, control network; Default, default mode network.











Supplementary Table 1. Between-group differences in global and network-level gradient metrics
	Metric
	HC
	NHE
	HE
	
	
	
	
	Post hoc comparisons ()

	Global
	

	G1
	

	G1 Range
	10.881 ± 2.367
	8.535 ± 2.705
	8.561 ± 1.919
	11.939
	<0.001
	<0.001
	0.196
	HE < HC(<0.001); 
NHE < HC(<0.001)

	G1 Variance
	11.469 ± 6.221
	7.098 ± 5.072
	6.397 ± 3.315
	11.211
	<0.001
	<0.001
	0.186
	HE < HC(<0.001); 
NHE < HC(=0.001)

	G1 Mean
	0.001 ± 0.060
	-0.009 ± 0.084
	-0.008 ± 0.059
	0.157
	0.855
	0.855
	0.003
	—

	G2
	
	
	
	
	
	
	
	

	G2 Range
	7.885±2.967
	7.442±2.871
	6.612±1.852
	1.899
	0.155
	0.465
	0.037
	—

	G2 Variance
	4.368±3.091
	4.665±5.864
	3.443±2.532
	0.951
	0.390
	0.585
	0.019
	—

	G2 Mean
	0.004±0.037
	0.002±0.064
	-0.003±0.029
	0.355
	0.702
	0.702
	0.007
	—

	G3
	
	
	
	
	
	
	
	

	G3 Range
	5.906±1.254
	5.822±2.204
	5.188±1.929
	1.941
	0.149
	0.447
	0.038
	—

	G3 Variance
	2.082±1.148
	2.565±3.679
	2.220±2.448
	0.410
	0.665
	0.665
	0.008
	—

	G3 Mean
	0.003±0.017
	-0.003±0.038
	0.007±0.032
	0.985
	0.377
	0.566
	0.020
	—

	Networks
	

	G1
	

	Visual network
	-0.853 ± 1.153
	-0.369 ± 1.234
	-0.549 ± 1.043
	1.622
	0.203
	0.236
	0.032
	—

	Somatomotor network
	-2.846 ± 0.995
	-1.983 ± 0.920
	-1.803 ± 0.819
	14.186
	<0.001
	<0.001
	0.225
	HE > HC(<0.001);  
NHE > HC(=0.002)

	Dorsal attention network
	-1.043 ± 0.644
	-0.779 ± 0.709
	-1.045 ± 0.689
	1.421
	0.247
	0.247
	0.028
	—

	Salience/Ventral attention network
	-0.552 ± 0.919
	-0.590 ± 0.740
	-0.240 ± 0.590
	1.776
	0.175
	0.236
	0.035
	—

	Limbic network
	1.062 ± 0.927
	1.127 ± 0.820
	0.489 ± 0.651
	6.522
	0.002
	0.004
	0.117
	HE < HC(=0.013);
HE < NHE(=0.004)

	Control network
	1.816 ± 0.996
	1.052 ± 0.803
	1.170 ± 0.766
	8.284
	<0.001
	0.001
	0.145
	HE < HC(=0.003);
 NHE < HC(=0.003)

	Default mode network
	2.453 ± 0.997
	1.660 ± 0.780
	1.701 ± 0.959
	8.305
	<0.001
	0.001
	0.145
	HE < HC(=0.003);
 NHE < HC(=0.003)

	G2
	

	Visual network
	2.492±1.205
	2.437±1.468
	1.964±0.708
	2.223
	0.114
	0.304
	0.043
	—

	Somatomotor network
	-1.024±0.735
	-0.995±0.664
	-0.809±0.469
	0.943
	0.393
	0.400
	0.019
	—

	Dorsal attention network
	0.417±0.561
	0.090±0.693
	0.422±0.671
	3.107
	0.049
	0.304
	0.060
	—

	Salience/Ventral attention network
	-1.296±0.691
	-1.290±0.622
	-1.100±0.610
	0.926
	0.400
	0.400
	0.019
	—

	Limbic network
	-0.329±0.824
	0.071±1.139
	-0.084±0.700
	1.762
	0.177
	0.304
	0.035
	—

	Control network
	0.040±0.461
	-0.182±0.610
	-0.130±0.503
	1.552
	0.217
	0.304
	0.031
	—

	Default mode network
	-0.257±0.457
	-0.077±0.490
	-0.192±0.382
	1.627
	0.202
	0.304
	0.032
	—

	G3
	

	Visual network
	-0.785±0.367
	-0.961±0.900
	-0.704±0.430
	2.147
	0.122
	0.332
	0.042
	—

	Sensorimotor network
	-0.304±0.415
	-0.104±0.542
	-0.099±0.335
	2.465
	0.090
	0.332
	0.048
	—

	Dorsal attention network
	0.873±0.472
	0.908±0.970
	0.719±0.521
	0.828
	0.440
	0.513
	0.017
	—

	Salience/Ventral attention network
	0.366±0.341
	0.356±0.395
	0.292±0.298
	0.366
	0.695
	0.695
	0.007
	—

	Limbic network
	-0.557±0.362
	-0.688±0.700
	-0.766±0.635
	1.041
	0.357
	0.500
	0.021
	—

	Control network
	1.165±0.574
	0.952±0.795
	0.888±0.624
	1.990
	0.142
	0.332
	0.039
	—

	Default mode network
	-0.339±0.306
	-0.271±0.250
	-0.219±0.289
	1.197
	0.306
	0.500
	0.024
	—


Data are presented as mean ± SD. Between-group differences were tested using ANCOVA adjusted for age, sex, and years of education. Post hoc pairwise comparisons were FDR-corrected. , partial eta squared; Abbreviations: HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.

Supplementary Table 2. Shared parcel-level G1 alterations relative to healthy controls (n = 40)
	Brain region
	Hemisphere
	Label ID
	HE vs HC
	NHE vs HC

	
	
	
	
	
	
	
	
	

	HE and NHE > HC 
	
	
	
	
	
	
	
	

	SomMot_4
	L
	35
	3.443
	<0.001
	0.008
	3.151
	0.002
	0.023

	SomMot_10
	L
	41
	4.043
	<0.001
	0.003
	2.999
	0.003
	0.032

	SomMot_17
	L
	48
	2.696
	0.008
	0.039
	2.840
	0.005
	0.045

	SomMot_21
	L
	52
	4.895
	<0.001
	<0.001
	4.408
	<0.001
	0.003

	SomMot_22
	L
	53
	4.129
	<0.001
	0.003
	3.604
	<0.001
	0.012

	SomMot_28
	L
	59
	3.615
	<0.001
	0.007
	3.175
	0.002
	0.022

	DorsAttn_Post_8
	L
	76
	4.635
	<0.001
	<0.001
	4.015
	<0.001
	0.004

	DorsAttn_Post_11
	L
	79
	4.182
	<0.001
	0.003
	4.180
	<0.001
	0.004

	SalVentAttn_ParOper_3
	L
	94
	2.777
	0.007
	0.033
	3.318
	0.001
	0.018

	SomMot_5
	R
	235
	3.281
	0.001
	0.012
	3.002
	0.003
	0.032

	SomMot_9
	R
	239
	3.614
	<0.001
	0.007
	2.809
	0.006
	0.046

	SomMot_13
	R
	243
	3.837
	<0.001
	0.004
	3.350
	0.001
	0.018

	SomMot_17
	R
	247
	3.022
	0.003
	0.022
	3.471
	<0.001
	0.013

	SomMot_19
	R
	249
	3.624
	<0.001
	0.007
	4.041
	<0.001
	0.004

	SomMot_21
	R
	251
	2.994
	0.003
	0.023
	3.662
	<0.001
	0.011

	SomMot_23
	R
	253
	4.989
	<0.001
	<0.001
	4.403
	<0.001
	0.003

	SomMot_25
	R
	255
	3.841
	<0.001
	0.004
	3.180
	0.002
	0.022

	SomMot_27
	R
	257
	4.528
	<0.001
	0.001
	4.544
	<0.001
	0.003

	SomMot_28
	R
	258
	4.137
	<0.001
	0.003
	4.091
	<0.001
	0.004

	SomMot_29
	R
	259
	5.012
	<0.001
	<0.001
	4.126
	<0.001
	0.004

	DorsAttn_Post_6
	R
	276
	3.287
	0.001
	0.012
	3.475
	<0.001
	0.013

	DorsAttn_Post_8
	R
	278
	3.494
	<0.001
	0.008
	3.947
	<0.001
	0.005

	DorsAttn_Post_9
	R
	279
	3.823
	<0.001
	0.004
	4.128
	<0.001
	0.004

	DorsAttn_Post_13
	R
	283
	4.946
	<0.001
	<0.001
	4.821
	<0.001
	0.002

	HE and NHE < HC
	
	
	
	
	
	
	
	

	Cont_PFCl_7
	L
	141
	-2.663
	0.009
	0.041
	-3.617
	<0.001
	0.012

	Default_Par_2
	L
	160
	-4.301
	<0.001
	0.002
	-3.222
	0.002
	0.020

	Default_Par_4
	L
	162
	-2.611
	0.010
	0.046
	-2.790
	0.006
	0.048

	Default_Par_5
	L
	163
	-2.577
	0.011
	0.048
	-2.891
	0.005
	0.040

	Default_PFC_18
	L
	183
	-2.865
	0.005
	0.029
	-4.048
	<0.001
	0.004

	Default_PFC_20
	L
	185
	-3.516
	<0.001
	0.008
	-3.270
	0.001
	0.020

	Default_PFC_21
	L
	186
	-4.193
	<0.001
	0.003
	-2.926
	0.004
	0.037

	Default_PFC_22
	L
	187
	-3.598
	<0.001
	0.007
	-3.074
	0.003
	0.027

	Default_PFC_23
	L
	188
	-3.033
	0.003
	0.022
	-3.537
	<0.001
	0.012

	Cont_PFCl_12
	R
	352
	-2.830
	0.006
	0.030
	-3.274
	0.001
	0.020

	Default_Par_1
	R
	362
	-2.851
	0.005
	0.029
	-3.147
	0.002
	0.023

	Default_Par_3
	R
	364
	-3.768
	<0.001
	0.005
	-3.783
	<0.001
	0.008

	Default_Par_4
	R
	365
	-3.472
	<0.001
	0.008
	-4.124
	<0.001
	0.004

	Default_PFCdPFCm_11
	R
	389
	-3.065
	0.003
	0.020
	-3.261
	0.002
	0.020

	Default_PFCdPFCm_12
	R
	390
	-3.323
	0.001
	0.011
	-3.498
	<0.001
	0.013

	Default_PFCdPFCm_13
	R
	391
	-2.990
	0.004
	0.023
	-3.543
	<0.001
	0.012


Group comparisons were performed using ANCOVA adjusted for age, sex, and years of education.  values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. Abbreviations: L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.
Supplementary Table 3. HE-specific parcel-level G1 alterations relative to healthy controls (n = 32)
	Brain region
	Hemisphere
	Label ID
	
	
	

	HE > HC 
	
	
	
	
	

	SomMot_3
	L
	34
	2.993
	0.003
	0.023

	SomMot_5
	L
	36
	3.667
	<0.001
	0.006

	SomMot_8
	L
	39
	3.651
	<0.001
	0.006

	SomMot_11
	L
	42
	2.898
	0.005
	0.028

	SomMot_15
	L
	46
	3.756
	<0.001
	0.005

	SomMot_27
	L
	58
	2.856
	0.005
	0.029

	SomMot_29
	L
	60
	3.436
	<0.001
	0.008

	SalVentAttn_Med_3
	L
	109
	3.192
	0.002
	0.015

	SalVentAttn_Med_5
	L
	111
	3.031
	0.003
	0.022

	SomMot_10
	R
	240
	3.895
	<0.001
	0.004

	SomMot_12
	R
	242
	3.266
	0.002
	0.012

	SomMot_14
	R
	244
	3.109
	0.002
	0.019

	SomMot_26
	R
	256
	3.455
	<0.001
	0.008

	SalVentAttn_Med_5
	R
	315
	3.245
	0.002
	0.013

	HE < HC 
	
	
	
	
	

	DorsAttn_Post_4
	L
	72
	-3.441
	<0.001
	0.008

	SalVentAttn_TempOcc_1
	L
	96
	-3.322
	0.001
	0.011

	Limbic_TempPole_1
	L
	119
	-3.547
	<0.001
	0.007

	Limbic_TempPole_4
	L
	122
	-4.450
	<0.001
	0.001

	Default_Temp_1
	L
	149
	-3.907
	<0.001
	0.004

	Default_Temp_2
	L
	150
	-4.057
	<0.001
	0.003

	Default_Temp_3
	L
	151
	-3.575
	<0.001
	0.007

	Default_PFC_17
	L
	182
	-3.501
	<0.001
	0.008

	DorsAttn_Post_3
	R
	273
	-3.662
	<0.001
	0.006

	DorsAttn_Post_4
	R
	274
	-3.419
	<0.001
	0.009

	Limbic_TempPole_2
	R
	326
	-3.909
	<0.001
	0.004

	Cont_Temp_1
	R
	338
	-3.348
	0.001
	0.011

	Cont_PFCl_2
	R
	342
	-2.967
	0.004
	0.024

	Cont_PFCl_14
	R
	354
	-3.522
	<0.001
	0.008

	Default_Par_2
	R
	363
	-3.083
	0.003
	0.020

	Default_Temp_1
	R
	367
	-3.594
	<0.001
	0.007

	Default_Temp_2
	R
	368
	-3.931
	<0.001
	0.004

	Default_PFCdPFCm_9
	R
	387
	-2.787
	0.006
	0.033


Group comparisons were performed using ANCOVA adjusted for age, sex, and years of education.  values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. Abbreviations: L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.
Supplementary Table 4. NHE-specific parcel-level G1 alterations relative to healthy controls (n = 9).
	Brain region
	Hemisphere
	Label ID
	
	
	

	NHE > HC  
	
	
	
	
	

	DorsAttn_Post_11
	R
	281
	3.462
	<0.001
	0.013

	NHE < HC  
	
	
	
	
	

	Cont_PFCmp_1
	L
	148
	-3.071
	0.003
	0.027

	Default_Par_1
	L
	159
	-3.229
	0.002
	0.020

	Default_PFC_19
	L
	184
	-2.988
	0.004
	0.032

	SalVentAttn_TempOccPar_3
	R
	296
	-3.119
	0.002
	0.024

	Cont_PFCl_9
	R
	349
	-3.336
	0.001
	0.018

	Cont_PFCl_11
	R
	351
	-3.557
	<0.001
	0.012

	Cont_PFCmp_2
	R
	361
	-3.559
	<0.001
	0.012

	Default_PFCdPFCm_10
	R
	388
	-3.229
	0.002
	0.020


Group comparisons were performed using ANCOVA adjusted for age, sex, and years of education.  values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. Abbreviations: L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.
Supplementary Table 5. Parcel-level G1 differences between HE and NHE (n = 1)
	Brain region
	Hemisphere
	Label ID
	
	
	

	Limbic_TempPole_4
	R
	328
	-4.060
	<0.001
	0.040


Group comparisons were performed using ANCOVA adjusted for age, sex, and years of education.  values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. Abbreviations: L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.

Supplementary Table 6. FDR-significant partial correlations between parcel-level G1 scores and clinical, laboratory, and cognitive measures in the pooled HE and NHE cohort
	Clinical measure
	Brain region
	Hemisphere
	Label ID
	
	
	

	PHES
	Limbic_TempPole_2
	R
	326
	0.576
	<0.001
	<0.001

	PHES
	Default_Temp_2
	L
	150
	0.543
	<0.001
	<0.001

	PHES
	Default_PFC_17
	L
	182
	0.467
	<0.001
	0.007

	PHES
	Limbic_TempPole_1
	L
	119
	0.450
	<0.001
	0.009

	PHES
	Limbic_TempPole_4
	L
	122
	0.436
	<0.001
	0.012

	PHES
	Default_Temp_2
	R
	368
	0.434
	<0.001
	0.012

	PHES
	SomMot_10
	L
	41
	-0.406
	<0.001
	0.017

	PHES
	SomMot_15
	L
	46
	-0.406
	<0.001
	0.017

	PHES
	Default_Temp_1
	L
	149
	0.406
	<0.001
	0.017

	PHES
	SomMot_8
	L
	39
	-0.400
	<0.001
	0.017

	PHES
	Cont_Temp_1
	R
	338
	0.401
	<0.001
	0.017

	PHES
	Default_PFC_21
	L
	186
	0.392
	0.001
	0.019

	PHES
	Default_Par_2
	L
	160
	0.384
	0.002
	0.023

	PHES
	Cont_PFCl_14
	R
	354
	0.373
	0.002
	0.027

	PHES
	SomMot_5
	L
	36
	-0.369
	0.002
	0.028

	PHES
	Limbic_TempPole_4
	R
	328
	0.360
	0.003
	0.033

	PHES
	Default_PFCdPFCm_11
	R
	389
	0.351
	0.004
	0.039

	PHES
	Default_PFCdPFCm_9
	R
	387
	0.343
	0.005
	0.044

	PHES
	Default_PFCdPFCm_12
	R
	390
	0.339
	0.006
	0.046

	PHES
	SomMot_3
	L
	34
	-0.336
	0.006
	0.049

	PHES
	Default_PFC_19
	L
	184
	0.334
	0.007
	0.049

	Ammonia
	Default_Temp_2
	L
	150
	-0.482
	<0.001
	0.005

	Ammonia
	SomMot_15
	L
	46
	0.466
	<0.001
	0.007

	Ammonia
	Default_Par_2
	L
	160
	-0.422
	<0.001
	0.014

	Ammonia
	Limbic_TempPole_2
	R
	326
	-0.416
	<0.001
	0.016

	Ammonia
	SomMot_10
	L
	41
	0.397
	0.001
	0.018

	Ammonia
	Default_Par_4
	L
	162
	-0.393
	0.001
	0.019

	Ammonia
	SomMot_29
	R
	259
	0.380
	0.002
	0.024

	Ammonia
	Default_Temp_2
	R
	368
	-0.376
	0.002
	0.026

	Ammonia
	Default_PFC_17
	L
	182
	-0.373
	0.002
	0.027

	Ammonia
	Cont_Temp_1
	R
	338
	-0.372
	0.002
	0.027

	Ammonia
	SomMot_23
	R
	253
	0.355
	0.004
	0.035

	Ammonia
	Default_Par_3
	R
	364
	-0.355
	0.004
	0.035

	Ammonia
	SomMot_22
	L
	53
	0.354
	0.004
	0.036

	Ammonia
	Default_Par_5
	L
	163
	-0.340
	0.006
	0.045

	MELD score
	Limbic_TempPole_4
	L
	122
	-0.553
	<0.001
	<0.001

	MELD score
	Limbic_TempPole_2
	R
	326
	-0.480
	<0.001
	0.005

	MELD score
	Default_Temp_2
	L
	150
	-0.450
	<0.001
	0.009

	MELD score
	Default_Temp_1
	L
	149
	-0.401
	<0.001
	0.017

	MELD score
	Default_PFC_17
	L
	182
	-0.393
	0.001
	0.019

	MELD score
	Default_Par_2
	R
	363
	-0.389
	0.001
	0.020

	MELD score
	Default_Temp_2
	R
	368
	-0.379
	0.002
	0.025

	MELD score
	Cont_Temp_1
	R
	338
	-0.371
	0.002
	0.027

	MELD score
	Default_Par_2
	L
	160
	-0.358
	0.003
	0.034

	Child-Pugh
	Default_Temp_2
	L
	150
	-0.587
	<0.001
	<0.001

	Child-Pugh
	Limbic_TempPole_2
	R
	326
	-0.536
	<0.001
	<0.001

	Child-Pugh
	Limbic_TempPole_4
	L
	122
	-0.445
	<0.001
	0.010

	Child-Pugh
	Default_Temp_1
	L
	149
	-0.427
	<0.001
	0.013

	Child-Pugh
	Default_Par_2
	L
	160
	-0.409
	<0.001
	0.017

	Child-Pugh
	Default_PFC_17
	L
	182
	-0.407
	<0.001
	0.017

	Child-Pugh
	SomMot_10
	L
	41
	0.380
	0.002
	0.024

	Child-Pugh
	Default_PFCdPFCm_11
	R
	389
	-0.380
	0.002
	0.024

	Child-Pugh
	Cont_Temp_1
	R
	338
	-0.363
	0.003
	0.031

	Child-Pugh
	DorsAttn_Post_4
	R
	274
	-0.362
	0.003
	0.032

	Child-Pugh
	Default_Temp_2
	R
	368
	-0.343
	0.005
	0.044

	Child-Pugh
	SomMot_10
	R
	240
	0.341
	0.005
	0.045

	MoCA
	Default_PFC_17
	L
	182
	0.461
	<0.001
	0.007

	MoCA
	Default_PFC_19
	L
	184
	0.429
	<0.001
	0.013

	MoCA
	Limbic_TempPole_2
	R
	326
	0.427
	<0.001
	0.013

	MoCA
	SomMot_15
	L
	46
	-0.421
	<0.001
	0.014

	MoCA
	Default_PFCdPFCm_11
	R
	389
	0.409
	<0.001
	0.017

	MoCA
	Cont_PFCmp_1
	L
	148
	0.399
	<0.001
	0.017

	MoCA
	Default_PFC_23
	L
	188
	0.399
	0.001
	0.017

	MoCA
	SomMot_10
	L
	41
	-0.394
	0.001
	0.019

	MoCA
	SomMot_11
	L
	42
	-0.372
	0.002
	0.027

	MoCA
	Limbic_TempPole_1
	L
	119
	0.363
	0.003
	0.031

	MoCA
	SomMot_5
	L
	36
	-0.361
	0.003
	0.032

	MoCA
	Default_Temp_2
	L
	150
	0.351
	0.004
	0.038

	MoCA
	Default_PFCdPFCm_12
	R
	390
	0.347
	0.005
	0.042

	MoCA
	Default_PFC_21
	L
	186
	0.342
	0.005
	0.044

	MoCA
	Default_PFCdPFCm_9
	R
	387
	0.335
	0.006
	0.049

	MMSE
	Default_Temp_2
	L
	150
	0.443
	<0.001
	0.010

	MMSE
	Limbic_TempPole_2
	R
	326
	0.439
	<0.001
	0.011

	MMSE
	Default_PFCdPFCm_9
	R
	387
	0.409
	<0.001
	0.017

	MMSE
	Limbic_TempPole_1
	L
	119
	0.400
	<0.001
	0.017

	MMSE
	Default_PFCdPFCm_11
	R
	389
	0.382
	0.002
	0.024

	MMSE
	Cont_PFCmp_1
	L
	148
	0.365
	0.003
	0.030

	MMSE
	Default_PFC_19
	L
	184
	0.366
	0.003
	0.030

	MMSE
	Cont_PFCmp_2
	R
	361
	0.367
	0.003
	0.030

	MMSE
	SomMot_5
	L
	36
	-0.345
	0.005
	0.044

	eGFR
	Default_Temp_1
	L
	149
	0.405
	<0.001
	0.017

	Sodium
	Limbic_TempPole_2
	R
	326
	0.402
	<0.001
	0.017

	Sodium
	Default_Par_4
	L
	162
	0.349
	0.004
	0.040

	Sodium
	DorsAttn_Post_4
	R
	274
	0.344
	0.005
	0.044

	Sodium
	Default_PFC_17
	L
	182
	0.341
	0.005
	0.045

	Sodium
	Default_Par_2
	L
	160
	0.340
	0.006
	0.045

	Sodium
	Default_Par_2
	R
	363
	0.334
	0.006
	0.049


Analyses included 68 participants (HE, n=35; NHE, n=33). Partial Pearson correlations were adjusted for age, sex, and years of education (df=63). All P values are two-sided.  values were obtained using the Benjamini-Hochberg procedure across 656 tests (82 parcels × 8 clinical measures). Only associations with  < 0.05 are shown. Brain-region labels were derived from the Schaefer 400 7-network atlas. Abbreviations: L, left hemisphere; R, right hemisphere.
Supplementary Table 7. Sensitivity analysis of between-group differences in global and network-level gradient metrics after additional adjustment for mean FD.
	Metric
	HC
	NHE
	HE
	
	
	
	
	Post hoc comparisons (P_FDR)

	Global

	G1

	G1 Range
	10.881 ± 2.367
	8.535 ± 2.705
	8.561 ± 1.919
	11.098
	<0.001
	<0.001
	0.186
	HE < HC (<0.001);
 NHE < HC (=0.001)

	G1 Variance
	11.469 ± 6.221
	7.098 ± 5.072
	6.397 ± 3.315
	10.265
	<0.001
	<0.001
	0.175
	HE < HC (<0.001);
 NHE < HC (=0.008)

	G1 Mean
	0.001 ± 0.060
	-0.009 ± 0.084
	-0.008 ± 0.059
	0.427
	0.654
	0.654
	0.009
	—

	G2

	G2 Range
	7.885 ± 2.967
	7.442 ± 2.871
	6.612 ± 1.852
	2.049
	0.134
	0.384
	0.041
	—

	G2 Variance
	4.368 ± 3.091
	4.665 ± 5.864
	3.443 ± 2.532
	0.978
	0.380
	0.583
	0.020
	—

	G2 Mean
	0.004 ± 0.037
	0.002 ± 0.064
	-0.003 ± 0.029
	0.501
	0.607
	0.654
	0.010
	—

	G3

	G3 Range
	5.906 ± 1.254
	5.822 ± 2.204
	5.188 ± 1.929
	1.802
	0.170
	0.384
	0.036
	—

	G3 Variance
	2.082 ± 1.148
	2.565 ± 3.679
	2.220 ± 2.448
	0.443
	0.643
	0.654
	0.009
	—

	G3 Mean
	0.003 ± 0.017
	-0.003 ± 0.038
	0.007 ± 0.032
	0.954
	0.389
	0.583
	0.019
	—

	Networks

	G1

	Visual network
	-0.853 ± 1.153
	-0.369 ± 1.234
	-0.549 ± 1.043
	1.370
	0.259
	0.382
	0.027
	—

	Somatomotor network
	-2.846 ± 0.995
	-1.983 ± 0.920
	-1.803 ± 0.819
	12.864
	<0.001
	<0.001
	0.210
	HE > HC (<0.001); 
NHE > HC (=0.016)

	Dorsal attention network
	-1.043 ± 0.644
	-0.779 ± 0.709
	-1.045 ± 0.689
	1.601
	0.207
	0.334
	0.032
	—

	Salience/Ventral attention network
	-0.552 ± 0.919
	-0.590 ± 0.740
	-0.240 ± 0.590
	1.697
	0.189
	0.334
	0.034
	—

	Limbic network
	1.062 ± 0.927
	1.127 ± 0.820
	0.489 ± 0.651
	6.446
	0.002
	0.012
	0.117
	HE < HC (=0.042); 
HE < NHE (=0.016)

	Control network
	1.816 ± 0.996
	1.052 ± 0.803
	1.170 ± 0.766
	7.372
	0.001
	0.007
	0.132
	HE < HC (=0.016); 
NHE < HC (=0.016)

	Default mode network
	2.453 ± 0.997
	1.660 ± 0.780
	1.701 ± 0.959
	7.414
	0.001
	0.007
	0.133
	HE < HC (=0.016); 
NHE < HC (=0.016)

	G2

	Visual network
	2.492 ± 1.205
	2.437 ± 1.468
	1.964 ± 0.708
	2.456
	0.091
	0.277
	0.048
	—

	Somatomotor network
	-1.024 ± 0.735
	-0.995 ± 0.664
	-0.809 ± 0.469
	0.970
	0.383
	0.446
	0.020
	—

	Dorsal attention network
	0.417 ± 0.561
	0.090 ± 0.693
	0.422 ± 0.671
	3.640
	0.030
	0.126
	0.070
	—

	Salience/Ventral attention network
	-1.296 ± 0.691
	-1.290 ± 0.622
	-1.100 ± 0.610
	0.868
	0.423
	0.460
	0.018
	—

	Limbic network
	-0.329 ± 0.824
	0.071 ± 1.139
	-0.084 ± 0.700
	2.096
	0.128
	0.277
	0.041
	—

	Control network
	0.040 ± 0.461
	-0.182 ± 0.610
	-0.130 ± 0.503
	1.317
	0.273
	0.382
	0.026
	—

	Default mode network
	-0.257 ± 0.457
	-0.077 ± 0.490
	-0.192 ± 0.382
	2.068
	0.132
	0.277
	0.041
	—

	G3

	Visual network
	-0.785 ± 0.367
	-0.961 ± 0.900
	-0.704 ± 0.430
	2.125
	0.125
	0.277
	0.042
	—

	Somatomotor network
	-0.304 ± 0.415
	-0.104 ± 0.542
	-0.099 ± 0.335
	2.105
	0.127
	0.277
	0.042
	—

	Dorsal attention network
	0.873 ± 0.472
	0.908 ± 0.970
	0.719 ± 0.521
	0.832
	0.438
	0.460
	0.017
	—

	Salience/Ventral attention network
	0.366 ± 0.341
	0.356 ± 0.395
	0.292 ± 0.298
	0.279
	0.757
	0.757
	0.006
	—

	Limbic network
	-0.557 ± 0.362
	-0.688 ± 0.700
	-0.766 ± 0.635
	1.091
	0.340
	0.446
	0.022
	—

	Control network
	1.165 ± 0.574
	0.952 ± 0.795
	0.888 ± 0.624
	1.610
	0.205
	0.334
	0.032
	—

	Default mode network
	-0.339 ± 0.306
	-0.271 ± 0.250
	-0.219 ± 0.289
	0.976
	0.380
	0.446
	0.020
	—


Data are presented as mean ± SD. Between-group differences were tested using ANCOVA adjusted for age, sex, years of education, and mean Jenkinson framewise displacement (FD). Post hoc pairwise comparisons were FDR-corrected.Abbreviations: HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.


Supplementary Table 8. Shared parcel-level G1 alterations relative to healthy controls after additional adjustment for mean FD (n = 32)
	Brain region
	Hemisphere
	Label ID
	HE vs HC
	NHE vs HC

	
	
	
	
	
	
	
	
	

	HE and NHE > HC

	SomMot_4
	L
	35
	3.195
	0.002
	0.016
	2.902
	0.005
	0.044

	SomMot_21
	L
	52
	4.680
	<0.001
	<0.001
	4.189
	<0.001
	0.006

	SomMot_22
	L
	53
	3.918
	<0.001
	0.005
	3.393
	0.001
	0.018

	SomMot_28
	L
	59
	3.376
	0.001
	0.012
	2.932
	0.004
	0.041

	DorsAttn_Post_8
	L
	76
	4.416
	<0.001
	0.002
	3.791
	<0.001
	0.008

	DorsAttn_Post_11
	L
	79
	3.970
	<0.001
	0.005
	3.971
	<0.001
	0.007

	SomMot_13
	R
	243
	3.591
	<0.001
	0.009
	3.087
	0.003
	0.033

	SomMot_17
	R
	247
	2.795
	0.006
	0.038
	3.253
	0.002
	0.025

	SomMot_19
	R
	249
	3.399
	<0.001
	0.012
	3.823
	<0.001
	0.008

	SomMot_21
	R
	251
	2.745
	0.007
	0.041
	3.429
	<0.001
	0.018

	SomMot_23
	R
	253
	4.804
	<0.001
	<0.001
	4.222
	<0.001
	0.006

	SomMot_25
	R
	255
	3.690
	<0.001
	0.008
	3.036
	0.003
	0.036

	SomMot_27
	R
	257
	4.305
	<0.001
	0.002
	4.326
	<0.001
	0.006

	SomMot_28
	R
	258
	3.937
	<0.001
	0.005
	3.894
	<0.001
	0.007

	SomMot_29
	R
	259
	4.826
	<0.001
	<0.001
	3.945
	<0.001
	0.007

	DorsAttn_Post_6
	R
	276
	3.103
	0.003
	0.020
	3.294
	0.001
	0.023

	DorsAttn_Post_8
	R
	278
	3.432
	<0.001
	0.012
	3.881
	<0.001
	0.007

	DorsAttn_Post_9
	R
	279
	3.658
	<0.001
	0.008
	3.964
	<0.001
	0.007

	DorsAttn_Post_13
	R
	283
	4.761
	<0.001
	<0.001
	4.639
	<0.001
	0.004

	SalVentAttn_Med_5
	R
	315
	3.511
	<0.001
	0.010
	2.879
	0.005
	0.046

	HE and NHE < HC

	Default_Par_2
	L
	160
	-4.080
	<0.001
	0.005
	-2.991
	0.004
	0.039

	Default_PFC_18
	L
	183
	-2.887
	0.005
	0.032
	-4.056
	<0.001
	0.007

	Default_PFC_20
	L
	185
	-3.354
	0.001
	0.013
	-3.111
	0.002
	0.033

	Default_PFC_22
	L
	187
	-3.489
	<0.001
	0.010
	-2.972
	0.004
	0.039

	Default_PFC_23
	L
	188
	-2.934
	0.004
	0.030
	-3.434
	<0.001
	0.018

	Cont_PFCl_12
	R
	352
	-2.695
	0.008
	0.045
	-3.137
	0.002
	0.031

	Default_Par_1
	R
	362
	-2.656
	0.009
	0.048
	-2.954
	0.004
	0.039

	Default_Par_3
	R
	364
	-3.537
	<0.001
	0.010
	-3.557
	<0.001
	0.017

	Default_Par_4
	R
	365
	-3.259
	0.002
	0.015
	-3.918
	<0.001
	0.007

	Default_PFCdPFCm_11
	R
	389
	-2.961
	0.004
	0.029
	-3.156
	0.002
	0.031

	Default_PFCdPFCm_12
	R
	390
	-3.195
	0.002
	0.016
	-3.370
	0.001
	0.019

	Default_PFCdPFCm_13
	R
	391
	-2.889
	0.005
	0.032
	-3.437
	<0.001
	0.018


Group comparisons were performed using ANCOVA adjusted for age, sex, years of education, and mean Jenkinson framewise displacement (FD). PFDR values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. Abbreviations: L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.
















Supplementary Table 9. HE-specific parcel-level G1 alterations relative to healthy controls after additional adjustment for mean FD (n = 29)
	Brain region
	Hemisphere
	Label ID
	
	
	

	HE > HC

	SomMot_5
	L
	36
	3.491
	<0.001
	0.010

	SomMot_8
	L
	39
	3.408
	<0.001
	0.012

	SomMot_10
	L
	41
	3.829
	<0.001
	0.006

	SomMot_15
	L
	46
	3.527
	<0.001
	0.010

	SomMot_29
	L
	60
	3.259
	0.002
	0.015

	SalVentAttn_Med_3
	L
	109
	3.209
	0.002
	0.016

	SalVentAttn_Med_5
	L
	111
	3.048
	0.003
	0.023

	SomMot_5
	R
	235
	3.064
	0.003
	0.022

	SomMot_9
	R
	239
	3.360
	0.001
	0.013

	SomMot_10
	R
	240
	3.681
	<0.001
	0.008

	SomMot_26
	R
	256
	3.305
	0.001
	0.014

	HE < HC

	DorsAttn_Post_4
	L
	72
	-3.241
	0.002
	0.016

	SalVentAttn_TempOcc_1
	L
	96
	-3.179
	0.002
	0.017

	Limbic_TempPole_1
	L
	119
	-3.493
	<0.001
	0.010

	Limbic_TempPole_4
	L
	122
	-4.282
	<0.001
	0.002

	Default_Temp_1
	L
	149
	-3.765
	<0.001
	0.007

	Default_Temp_2
	L
	150
	-3.900
	<0.001
	0.005

	Default_Temp_3
	L
	151
	-3.551
	<0.001
	0.010

	Default_PFC_2
	L
	167
	-3.129
	0.002
	0.019

	Default_PFC_17
	L
	182
	-3.329
	0.001
	0.013

	Default_PFC_21
	L
	186
	-4.047
	<0.001
	0.005

	DorsAttn_Post_3
	R
	273
	-3.425
	<0.001
	0.012

	DorsAttn_Post_4
	R
	274
	-3.221
	0.002
	0.016

	Limbic_TempPole_2
	R
	326
	-3.706
	<0.001
	0.008

	Cont_Temp_1
	R
	338
	-3.165
	0.002
	0.017

	Cont_PFCl_2
	R
	342
	-2.907
	0.005
	0.032

	Cont_PFCl_14
	R
	354
	-3.342
	0.001
	0.013

	Default_Temp_1
	R
	367
	-3.896
	<0.001
	0.005

	Default_Temp_2
	R
	368
	-3.730
	<0.001
	0.008


Group comparisons were performed using ANCOVA adjusted for age, sex, years of education, and mean Jenkinson framewise displacement (FD). P_FDR values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.

Supplementary Table 10. NHE-specific parcel-level G1 alterations relative to healthy controls after additional adjustment for mean FD (n = 8).
	Brain region
	Hemisphere
	Label ID
	
	
	

	NHE > HC

	SalVentAttn_ParOper_3
	L
	94
	3.089
	0.003
	0.033

	DorsAttn_Post_11
	R
	281
	3.430
	<0.001
	0.018

	NHE < HC

	Cont_PFCl_7
	L
	141
	-3.538
	<0.001
	0.017

	Default_Par_1
	L
	159
	-3.145
	0.002
	0.031

	SalVentAttn_TempOccPar_3
	R
	296
	-3.056
	0.003
	0.035

	Cont_PFCl_9
	R
	349
	-3.243
	0.002
	0.025

	Cont_PFCl_11
	R
	351
	-3.449
	<0.001
	0.018

	Cont_PFCmp_2
	R
	361
	-3.411
	<0.001
	0.018


Group comparisons were performed using ANCOVA adjusted for age, sex, years of education, and mean Jenkinson framewise displacement (FD). P_FDR values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.





Supplementary Table 11. Parcel-level G1 differences between HE and NHE after additional adjustment for mean FD (n = 1)
	Brain region
	Hemisphere
	Label ID
	
	
	

	Limbic_TempPole_4
	R
	328
	-4.066
	<0.001
	0.039


Group comparisons were performed using ANCOVA adjusted for age, sex, years of education, and mean Jenkinson framewise displacement (FD). P_FDR values were obtained using the Benjamini-Hochberg procedure across 400 Schaefer cortical parcels within each contrast. Positive and negative t values indicate higher and lower G1 scores, respectively, in the first-named group relative to the second-named group. Brain-region labels were derived from the Schaefer 400 7-network atlas. L, left hemisphere; R, right hemisphere; HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.
Supplementary Table 12. Sensitivity analysis of G1 global and network-level effects across proportional connectivity thresholds
	Metric
	Top 5.0% 
	Top 10.0% (primary)
	Top 15.0%

	
	 ()
	Post hoc comparisons
()
	 ()
	Post hoc comparisons
()
	 ()
	Post hoc comparisons
()

	Global metrics

	G1 range
	11.724 (<0.001)
	HE < HC (<0.001);
 NHE < HC (=0.001)
	11.939 (<0.001)
	HE < HC (<0.001); 
NHE < HC (<0.001)
	11.748 (<0.001)
	HE < HC (<0.001); 
NHE < HC (<0.001)

	G1 variance
	13.216 (<0.001)
	HE < HC (<0.001); 
NHE < HC (=0.001)
	11.211 (<0.001)
	HE < HC (<0.001); 
NHE < HC (=0.001)
	9.722 (<0.001)
	HE < HC (<0.001); 
NHE < HC (=0.002)

	G1 mean
	0.054 (0.947)
	—
	0.157 (0.855)
	—
	0.157 (0.855)
	—

	Network metrics

	Visual network
	1.906 (0.196)
	—
	1.622 (0.236)
	—
	1.585 (0.210)
	—

	Somatomotor network
	17.462 (<0.001)
	HE > HC (<0.001); NHE > HC (<0.001)
	14.186 (<0.001)
	HE > HC (<0.001); NHE > HC (=0.002)
	11.224 (<0.001)
	HE > HC (<0.001); 
NHE > HC (=0.004)

	Dorsal attention network
	1.319 (0.272)
	—
	1.421 (0.247)
	—
	1.653 (0.210)
	—

	Salience/ventral attention network
	1.815 (0.196)
	—
	1.776 (0.236)
	—
	1.920 (0.210)
	—

	Limbic network
	7.111 (0.002)
	HE < HC (=0.005); 
HE < NHE (=0.004)
	6.522 (0.004)
	HE < HC (=0.013); 
HE < NHE (=0.004)
	5.835 (0.007)
	HE < HC (=0.017); 
HE < NHE (=0.007)

	Control network
	9.241 (<0.001)
	HE < HC (=0.001); 
NHE < HC (=0.001)
	8.284 (0.001)
	HE < HC (=0.003);
 NHE < HC (=0.003)
	7.542 (0.002)
	HE < HC (=0.006); 
NHE < HC (=0.004)

	Default mode network
	10.363 (<0.001)
	HE < HC (<0.001); 
NHE < HC (=0.001)
	8.305 (0.001)
	HE < HC (=0.003);
 NHE < HC (=0.003)
	7.964 (0.002)
	HE < HC (=0.004); 
NHE < HC (=0.004)


Results were obtained from ANCOVA adjusted for age, sex, and years of education.  denotes FDR-adjusted omnibus P values, and post hoc comparisons were FDR-corrected. The primary analysis used a proportional threshold of top 10.0% connections. HC, healthy controls; NHE, cirrhosis without hepatic encephalopathy; HE, hepatic encephalopathy.
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2

Supplementary

Methods

3

MRI

data

acquisition

4

All

MRI

examinations

were

performed

on

a

3.0-T

MRI

scanner

(uMR

770,

United

Imaging

Healthcare)

5

using

a

32-channel

head

coil.

Conventional

T2-weighted

and

T2-fluid-attenuated

inversion

recovery

(T2-

6

FLAIR)

images

were

acquired

to

exclude

intracranial

structural

abnormalities.

The

coronal

T2-weighted

7

images

were

obtained

using

a

fast

spin-echo

sequence

with

the

following

parameters:

repetition

time

(TR)

=

8

2400

ms,

echo

time

(TE)

=

112.64

ms,

refocusing

flip

angle

=

150

°

,

echo

train

length

=

21,

field

of

view

9

(FOV)

=

200

×

230

mm

²

,

acquisition

matrix

=

320

×

222,

slice

thickness

=

5

mm,

interslice

gap

=

1.5

mm,

10

and

10

slices.

The

transverse

T2-FLAIR

images

were

acquired

with

TR

=

9000

ms,

TE

=

91

ms,

inversion

11

time

(TI)

=

2500

ms,

refocusing

flip

angle

=

150

°

,

echo

train

length

=

31,

FOV

=

220

×

220

mm

²

,

12

acquisition

matrix

=

256

×

256,

slice

thickness

=

3

mm,

interslice

gap

=

0.9

mm,

and

40

slices.

High-

13

resolution

three-dimensional

T1-weighted

structural

images

were

acquired

using

a

spoiled

gradient-echo

14

sequence

with

the

following

parameters:

TR

=

6.94

ms,

TE

=

3

ms,

TI

=

750

ms,

flip

angle

=

9

°

,

echo

train

15

length

=

160,

FOV

=

256

×

256

mm

²

,

acquisition

matrix

=

256

×

256,

acquired

voxel

size

=

1

×

1

×

1

mm

³

,

16

slice

thickness

=

1

mm,

interslice

gap

=

0

mm,

and

176

sagittal

slices.

Resting-state

functional

MRI

(rs-

17

fMRI)

data

were

acquired

using

a

two-dimensional

echo-planar

imaging

(EPI)

sequence

with

the

following

18

parameters:

TR

=

2000

ms,

TE

=

30

ms,

flip

angle

=

90

°

,

echo

train

length

=

32,

FOV

=

240

×

240

mm

²

,

19

acquisition

matrix

=

64

×

64,

voxel

size

=

3.75

×

3.75

×

4.0

mm

³

,

slice

thickness

=

4

mm,

interslice

gap

=

0

20

mm,

and

33

axial

slices.

Each

run

comprised

240

functional

volumes

and

lasted

approximately

8

min.

21

Resting-State

fMRI

Data

Preprocessing

22

Resting-state

functional

magnetic

resonance

imaging

(rs-fMRI)

data

were

preprocessed

in

MATLAB

23

R2021a

using

the

Data

Processing

&

Analysis

for

Brain

Imaging

(DPABI)

toolbox

and

its

Data

Processing

24

Assistant

for

Resting-State

fMRI

Advanced

Edition

(DPARSFA,

version

5.5_250415)

[1].

The

first

10

25

volumes

of

each

functional

scan

were

discarded

to

minimize

signal

fluctuations

before

magnetization

26

