Glymphatic dysfunction in NAFLD patient: A preliminary magnetic resonance imaging study based on DTI-ALPS

Supplementary E1:
Histopathological Evaluation 
All patients with NAFLD underwent ultrasound-guided percutaneous biopsy of the right lobe of the liver. Each pathological specimen was graded by an experienced pathologist blinded to the patient's clinical information. NAFLD diagnosis was defined as lipid droplet deposition in ≥ 5% of hepatocytes. Steatosis (grade 0-3), ballooning (grade 0-2), lobular inflammation (grade 0-3), and fibrosis (grade 0-4) were scored according to the scoring system of the nonalcoholic steatohepatitis (NASH) Clinical Research Network [1]. The NAFLD activity score (NAS) was calculated as the unweighted sum of scores for steatosis, lobular inflammation, and ballooning. Based on the NAS, patients were further categorized as non-alcoholic fatty liver (NAS  2), borderline NASH (NAS of 3 and 4), and definite NASH (NAS score ≥ 5). A biopsy was performed within one week of the MRI scan.


Supplementary E2:
MRI-PDFF measurements
A 3D iterative decomposition of water and fat with echo asymmetry and least squares estimation quantification (IDEAL-IQ) technology was used for quantitative MRI-PDFF evaluation [2]. The detailed parameters and acquisition of liver MRI–PDFF is described in Supplementary E3. Acquisition parameters were as follows: repetition time (TR) = 6.4 ms, effective echo time (TE) = Min Full, flip angle (FA) = 3°, acquisition matrix = 160 × 160, field of view (FOV) = 350 × 240 mm2, bandwidth = 111.11 kHz, 24 axial slices with 1 slice thicknesses of 10 mm. The fat fraction maps acquired by IDEAL-IQ were analyzed by a radiologist with 15 years of abdominal diagnostic experience blinded to the participant's clinical information using Image J software (US National Institutes of Health). Three non-overlapping regions of interest (ROIs) of 150 mm2 were manually placed on a single slice of the right lobe of the liver, with adjacent structures and vessels avoided. The fat fractions of those three ROIs were averaged to serve as the true MRI-PDFF of the liver. In addition, visceral adipose tissue (VAT) was obtained in the fat fraction map. The average area of VAT was determined at the level of the 3rd lumbar vertebrae.


	Supplementary Table 1 Neuropsychological assessment

	Cognitive test
	Cognitive domain

	Mini-Mental State Examination (MMSE) 
	Global cognition

	Clock Drawing Test (CDT)
	Visuospatial function

	Digital Span Test (DST)
	

	   DST-Forward
	attention

	   DST-Backward
	working memory

	Rey-osterrieth complex figure test (CFT)
	

	   CFT-Copy
	Visual perception and visual motion

	   CFT-Delay
	Visuospatial recall






	Supplementary Table 2 Relationship between the ALPS index value and Z-transformed cognitive score in the two groups

	Cognitive test
	Pre-cirrhosis NAFLD (n = 43)
	Control (n = 23)

	
	Beta (95% CI)
	p value
	Beta (95% CI)
	p value

	Mini-Mental State Examination
	2.123 (0.156, 4.091)
	0.035
	0.761 (-5.519, 7.041)
	0.801

	Clock Drawing Test
	4.233 (0.073, 8.393)
	0.046
	-1.092 (-4.297, 2.114)
	0.482

	Complex figure test-Copy
	0.244 (-3.895, 4.383)
	0.906
	-0.306 (-3.552, 2.940)
	0.845

	Complex figure test-Delay
	1.879 (-2.790, 6.547)
	0.42
	-1.056 (-4.029, 1.917)
	0.464

	Digital Span Test-Forward
	0.528 (-2.480, 3.536)
	0.724
	1.349 (-3.697, 6.395)
	0.58

	Digital Span Test-Backward
	0.599 (-3.540, 4.738)
	0.771
	1.581 (-1.738, 4.900)
	0.329

	Beta (95% confidence interval [CI]) and P value were calculated by using linear regression model with age, sex, BMI, and educational level adjusted



	Supplementary Table 3 Relationship between the ALPS index value and hepatic pathology in the two groups

	Clinical indicator
	Group
	Mean ALPS index*
	Mean ALPS index

	
	
	r
	p value
	r
	p value

	Systolic pressure
	NAFLD
	0.067
	0.67
	0.066
	0.675

	
	Control
	0.303
	0.16
	0.159
	0.467

	Diastolic pressure
	NAFLD
	0.023
	0.885
	-0.111
	0.48

	
	Control
	0.15
	0.494
	0.113
	0.606

	Fasting glucose
	NAFLD
	0.215
	0.166
	0.135
	0.39

	
	Control
	-0.086
	0.697
	0.002
	0.991

	Total cholesterol
	NAFLD
	-0.157
	0.316
	-0.014
	0.93

	
	Control
	0.092
	0.667
	0.039
	0.86

	Tryglicerides
	NAFLD
	-0.035
	0.822
	0.084
	0.584

	
	Control
	0.041
	0.854
	0.096
	0.664

	HDL-cholesterol
	NAFLD
	-0.05
	0.75
	0.063
	0.689

	
	Control
	0.171
	0.435
	0.126
	0.568

	LDL-cholesterol
	NAFLD
	-0.125
	0.424
	-0.082
	0.602

	
	Control
	0.003
	0.989
	-0.054
	0.805

	Visceral adipose tissue
	NAFLD
	0.353
	0.02
	0.13
	0.46

	
	Control
	-0.036
	0.872
	-0.105
	0.634

	Liver MRI-PDFF
	NAFLD
	-0.04
	0.801
	0.219
	0.157

	
	Control
	0.292
	0.176
	0.266
	0.26

	NASH status
	NAFLD
	-0.045
	0.773
	0.082
	0.602

	
	Control
	　
	　
	　
	　

	*: Age, sex and BMI were regressed out as covariates.
ALPS = Diffusion tensor image analysis along the perivascular space; PDFF = Proton density fat fraction; NASH = Nonalcoholic steatohepatitis
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