Supplementary Methods. Inclusion and exclusion criteria for participants enrolled in the hospital-based cohort (NGCHS). 
	Inclusion criteria:
1. Age between 50 and 80 years;
1. Right-handedness;
1. Educational attainment above junior middle school level;
1. Adequate hearing and vision sufficient to complete neuropsychological assessments;
1. General cognitive function within the non-demented range, defined as MMSE score ≥ 24 or MDRS-2 ≥ 120;
1. Preserved activities of daily living;
1. Provision of written informed consent.

	Exclusion criteria:
1. Presence of large cortical or subcortical infarcts (diameter > 15 mm); 
1. White matter lesions of nonvascular origin (e.g., related to metabolic, immune, toxic, demyelinating, infectious, and other etiologies); 
1. Definite diagnosis of neurodegenerative diseases, such as Alzheimer’s disease and Parkinson’s disease;
1. History of epilepsy or traumatic brain injury;
1. History of major systemic diseases, including severe cardiac disease, hepatic dysfunction, renal failure, and malignancy; 
1. History of psychiatric or neuropsychological disorders; 
1. Contraindications to undergoing MRI. 
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Supplementary Table 1. Detailed MRI acquisition parameters in the PRECISE and NGCHS cohorts. 
	Cohort 1 (PRECISE): Baseline visit (Wave 1)

	[bookmark: _Hlk192945650]Contrast
	Orientation
	Voxel/mm3
	Parameters

	T1w MPRAGE
	3D sagittal
	1.00 × 1.00 × 1.00
	TE=3.0ms, TR=6.7ms, TI=880ms, shot interval=2000ms, flip angle=8°

	T2w
	2D axial
	0.51 × 0.51 × 6.50
	[bookmark: OLE_LINK5]TE=105ms, TR=2500ms, SPIR fat suppression

	SWI
	3D axial
	0.63 × 0.63 × 0.80
	first TE=7.2ms, echo spacing = 6.2ms, 5 echoes, flip angle=17°, TR =37ms

	FLAIR
	2D axial
	0.53 × 0.53 × 6.50
	[bookmark: OLE_LINK2]TE=110ms, TR=7000ms, TI=2300ms, SPIR fat suppression

	DTI
	2D transverse
	[bookmark: _Hlk193145017]1.88 × 1.88 × 2.50
	TE=90ms, TR=3500ms, b=0 and b=1000s/mm2 with 32 diffusion encoding directions, slice thickness=2.5 mm, SPIR fat suppression

	Cohort 1 (PRECISE): Follow-up visit (Wave 2)

	Contrast
	Orientation
	Voxel/mm3
	Parameters

	T1w MPRAGE
	3D sagittal
	1.00 × 1.00 × 1.00
	[bookmark: OLE_LINK4]TE=3.0ms, TR=6.7ms, TI=880ms, shot interval=2000ms, flip angle=8°

	T2w
	2D transverse
	0.60 × 0.80 × 3.00
	TE=80ms, TR=5858ms, SPIR fat suppression

	SWI
	3D axial
	0.63 × 0.63 × 0.80
	first TE=7.2ms, echo spacing = 6.2ms, 5 echoes, flip angle=17°, TR =37ms

	FLAIR
	3D sagittal
	1.00 × 1.00 × 1.20
	TE=318ms, TR=4800ms, TI=1650ms, SPIR fat suppression

	DTI
	2D transverse
	[bookmark: _Hlk193145052]2.50 × 2.55 × 2.50
	[bookmark: _Hlk193144906]TE=86ms, TR=6944ms, b=0 and b=1000s/mm2 with 32 diffusion encoding directions, slice thickness=2.5 mm, SPIR fat suppression

	Cohort 2 (NGCHS): Baseline visit

	Contrast
	Orientation
	Voxel/mm3
	Parameters

	T1w MPRAGE
	3D sagittal
	1.00 × 1.00 × 1.00
	[bookmark: _Hlk193145081]TE=2.48ms, TR=1900ms, flip angle=9°

	T2w
	2D axial
	[bookmark: OLE_LINK3]0.60 × 0.60 × 6.50
	TE=95ms, TR=6000ms

	FLAIR
	2D axial
	0.75 × 0.75 × 6.50
	TE=84ms, TR=8500ms, TI=2440ms, SPIR fat suppression

	DTI
	2D transverse
	[bookmark: _Hlk193145165]2.00 × 2.00 × 2.00
	[bookmark: OLE_LINK22]TE=90ms, TR=10000ms, b=0 and b=1000s/mm2 with 30 diffusion encoding directions, slice thickness=2.0 mm, SPIR fat suppression


[bookmark: OLE_LINK1]TR, repetition time; TE, echo time; TI, inversion time.
Supplementary Table 2. Baseline cross-sectional associations of normalized ChP volume, free water fraction, and DTI-ALPS index with global cognitive function, total CSVD burden, CSVD imaging markers, and WM microstructural integrity in the PRECISE cohort. 
	
	Normalized ChP Volume 
(ratio of TIV×103)
	Free Water Fraction
	DTI-ALPS Index

	
	Standardized β (95% CI)
	P value
	Standardized β (95% CI)
	P value
	Standardized β (95% CI)
	P value

	Cognitive Function

	MoCA adjusted by education
	-0.053 (-0.101 to -0.005)
	0.030
	-0.030 (-0.080 to -0.021)
	0.251
	0.097 (0.054 to 0.141)
	<0.001

	Total CSVD Burden
	
	
	
	
	
	

	Total CSVD burden 
	0.113 (0.067 to 0.159)
	<0.001
	0.354 (0.307 to 0.400)
	<0.001
	-0.141 (-0.183 to -0.099)
	<0.001

	Modified total CSVD burden 
	0.137 (0.091 to 0.182)
	<0.001
	0.366 (0.319 to 0.412)
	<0.001
	-0.153 (-0.195 to -0.112)
	<0.001

	[bookmark: OLE_LINK29]CSVD Imaging Features
	
	
	
	
	
	

	  Log-transformed normalized WMH volume 
	0.076 (0.031 to 0.121)
	0.001
	0.347 (0.302 to 0.393)
	<0.001
	-0.152 (-0.193 to -0.112)
	<0.001

	  Number of lacunes
	0.115 (0.066 to 0.164)
	<0.001
	0.326 (0.276 to 0.377)
	<0.001
	-0.127 (-0.171 to -0.082)
	<0.001

	  Number of CMBs
	0.133 (0.083 to 0.183)
	<0.001
	0.305 (0.253 to 0.356)
	<0.001
	-0.110 (-0.155 to -0.065)
	<0.001

	  Total EPVS grade
	-0.007 (-0.055 to 0.041)
	0.783
	0.216 (0.166 to 0.266)
	<0.001
	-0.018 (-0.062 to 0.026)
	0.420

	WM Fibre-Tract Integrity

	  Whole-brain mean FA-t
	-0.366 (-0.407 to -0.324)
	<0.001
	-0.619 (-0.658 to -0.581)
	<0.001
	0.265 (0.227 to 0.304)
	<0.001

	  Whole-brain mean MD-t (×10-3)
	0.460 (0.426 to 0.495)
	<0.001
	0.879 (0.860 to 0.899)
	<0.001
	-0.331 (-0.364 to -0.298)
	<0.001

	WM Network Topological Properties

	FN-binary networks
	
	
	
	
	
	

	  Clustering coefficient (Cp)
	-0.272 (-0.318 to -0.227)
	<0.001
	-0.377 (-0.424 to -0.331)
	<0.001
	0.132 (0.090 to 0.174)
	<0.001

	  Characteristic path length (Lp)
	0.347 (0.304 to 0.391)
	<0.001
	0.565 (0.522 to 0.607)
	<0.001
	-0.243 (-0.284 to -0.202)
	<0.001

	  Local efficiency (Eloc)
	-0.320 (-0.363 to -0.276)
	<0.001
	-0.449 (-0.492 to -0.405)
	<0.001
	0.166 (0.125 to 0.206)
	<0.001

	  Global efficiency (Eglob)
	-0.335 (-0.377 to -0.292)
	<0.001
	-0.548 (-0.589 to -0.506)
	<0.001
	0.238 (0.198 to 0.277)
	<0.001

	FA-weighted networks
	
	
	
	
	
	

	  Clustering coefficient (Cp)
	-0.307 (-0.353 to -0.261)
	<0.001
	-0.356 (-0.404 to -0.308)
	<0.001
	0.096 (0.052 to 0.139)
	<0.001

	  Characteristic path length (Lp)
	0.310 (0.266 to 0.353)
	<0.001
	0.590 (0.548 to 0.631)
	<0.001
	-0.248 (-0.288 to -0.208)
	<0.001

	  Local efficiency (Eloc)
	-0.353 (-0.396 to -0.310)
	<0.001
	-0.501 (-0.544 to -0.458)
	<0.001
	0.166 (0.125 to 0.207)
	<0.001

	  Global efficiency (Eglob)
	-0.296 (-0.340 to -0.253)
	<0.001
	-0.564 (-0.606 to -0.523)
	<0.001
	0.241 (0.201 to 0.281)
	<0.001

	Neuroaxonal Injury Marker
	
	
	
	
	
	

	  Serum NFL level (ng/mL) 
	-0.000 (-0.050 to 0.050)
	0.996
	0.034 (-0.019 to 0.087)
	0.209
	0.010 (-0.036 to 0.056)
	0.666


[bookmark: OLE_LINK48]ChP, choroid plexus; CMBs, cerebral microbleeds; CSVD, cerebral small vessel disease; EPVS, enlarged perivascular spaces; DTI-ALPS, diffusion tensor image analysis along the perivascular space; FA, fractional anisotropy; FA-t, tissue-specific FA; FN, fibre number; MD-t, tissue-specific mean diffusivity; MoCA, Montreal Cognitive Assessment; NFL, neurofilament light chain; TIV, total intracranial volume; WM, white matter; WMH, white matter hyperintensity.
In multivariable linear regression models, MoCA score, total CSVD burden, CSVD imaging markers, WM fibre-tract integrity, network topological properties, and serum NFL levels were treated as continuous dependent variables. All models were adjusted for age, sex, body mass index, hypertension, diabetes mellitus, hypercholesterolemia, prior heart disease, prior stroke, current smoking, and current drinking. 

Supplementary Table 3. Baseline demographic characteristics and cognitive performance in the NGCHS cohort.
	Demographics
	N = 249

	Age, years
	67.2 ± 8.1

	Male, n (%)
	98 (39.4%)

	Education, median (IQR)
	11.3 ± 3.3

	Global cognitive function
	

	MMSE
	27.3 ± 2.6

	MDRS-2
	134.8 ± 7.3

	Domain-specific cognitive function
	

	Episodic memory
	

	  AVLT-DR
	5.0 ± 3.0

	  LMT-DR
	4.5 ± 2.8

	  CFT-DR
	12.0 ± 7.6

	Visuospatial function
	

	  CDT
	8.3 ± 1.5

	  CFT
	32.2 ± 5.3

	Information processing speed
	

	  DSST
	34.3 ± 13.8

	  TMT-A (second)
	75.1 ± 33.3

	  Stroop A (second)
	29.4 ± 8.3

	  Stroop B (second)
	46.2 ± 15.2

	Executive function
	

	  VFT-animals
	17.4 ± 5.0

	  DST-backward
	4.3 ± 1.4

	  TMT-B (second)
	193.3 ± 89.9

	  Stroop C (second)
	92.1 ± 37.4

	  Similarity
	15.8 ± 4.6


Data are presented as the mean ± standard deviation. MMSE, mini-mental state examination; AVLT-DR, auditory verbal learning test-20min delayed recall; LMT-DR, logical memory test-20min delayed recall; CFT-DR, Rey-Osterrieth complex figure test-20min delayed recall; CDT, clock drawing test; CFT, Rey-Osterrieth complex figure test; DSST, digital symbol substitution test; MDRS-2, Mattis Dementia Rating Scale-2; TMT-A, trail making test-A; Stroop, Stroop color test; VFT, verbal fluency test; DST, digit span test; TMT-B, trail making test-B; Similarity, semantic similarity test.

Supplementary Table 4. External validation: baseline cross-sectional associations of normalized ChP volume, free water fraction, and DTI-ALPS index with domain-specific cognitive function, WMH volume, and WM microstructural integrity in the NGCHS cohort. 
	
	Normalized ChP volume 
(ratio of TIV×103)
	Free Water Fraction
	DTI-ALPS Index

	
	Standardized β (95% CI)
	P value
	Standardized β (95% CI)
	P value
	Standardized β (95% CI)
	P value

	Global Cognitive Function

	MMSE
	-0.234 (-0.383 to -0.085)
	0.002
	-0.197 (-0.323 to -0.071)
	0.002
	0.221 (0.098 to 0.343)
	0.001

	Domain-Specific Cognitive Function

	  Episodic memory
	-0.136 (-0.281 to 0.010)
	0.067
	-0.142 (-0.265 to -0.020)
	0.023
	0.173 (0.055 to 0.292)
	0.004

	  Visuospatial function
	-0.055 (-0.206 to 0.096)
	0.472
	-0.050 (-0.177 to 0.078)
	0.443
	0.108 (-0.016 to 0.232)
	0.087

	  Executive function
	-0.186 (-0.327 to -0.046)
	0.010
	-0.135 (-0.255 to -0.016)
	0.026
	0.176 (0.060 to 0.291)
	0.003

	  Information processing speed
	-0.287 (-0.418 to -0.157)
	<0.001
	-0.164 (-0.277 to -0.052)
	0.005
	0.181 (0.072 to 0.291)
	0.001

	[bookmark: OLE_LINK28]CSVD Imaging Marker
	
	
	
	
	
	

	  Log-transformed normalized WMH volume
	0.410 (0.269 to 0.551)
	<0.001
	0.343 (0.224 to 0.462)
	<0.001
	-0.278 (-0.396 to -0.159)
	<0.001

	[bookmark: OLE_LINK27]WM Fibre-Tract Integrity

	  Whole-brain mean FA-t
	-0.404 (-0.538 to -0.271)
	<0.001
	-0.162 (-0.281 to 0.043)
	0.008
	0.166 (0.049 to 0.282)
	0.005

	  Whole-brain mean MD-t (×10-3)
	0.387 (0.259 to 0.514)
	<0.001
	0.181 (0.068 to 0.294)
	0.002
	-0.337 (-0.441 to -0.232)
	<0.001

	[bookmark: OLE_LINK25][bookmark: OLE_LINK26]WM Network Topological Properties

	[bookmark: OLE_LINK30]FN-binary networks
	
	
	
	
	
	

	[bookmark: OLE_LINK31]  Clustering coefficient (Cp)
	-0.368 (-0.519 to -0.218)
	<0.001
	-0.033 (-0.167 to 0.100)
	0.623
	0.048 (-0.082 to 0.178)
	0.466

	[bookmark: OLE_LINK32]  Characteristic path length (Lp)
	0.481 (0.343 to 0.619)
	<0.001
	0.373 (0.254 to 0.491)
	<0.001
	-0.243 (-0.364 to -0.122)
	<0.001

	[bookmark: _Hlk197589187][bookmark: OLE_LINK33][bookmark: OLE_LINK34]  Local efficiency (Eloc)
	-0.465 (-0.605 to -0.324)
	<0.001
	-0.090 (-0.219 to 0.038)
	0.165
	0.123 (-0.002 to 0.247)
	0.054

	  Global efficiency (Eglob)
	-0.479 (-0.619 to -0.340)
	<0.001
	-0.375 (-0.494 to -0.255)
	<0.001
	0.225 (0.103 to 0.347)
	<0.001

	[bookmark: OLE_LINK37]FA-weighted networks
	
	
	
	
	
	

	  Clustering coefficient (Cp)
	-0.309 (-0.464 to -0.155)
	<0.001
	-0.072 (-0.207 to 0.062)
	0.289
	0.048 (-0.083 to 0.180)
	0.471

	  Characteristic path length (Lp)
	0.439 (0.297 to 0.582)
	<0.001
	0.450 (0.334 to 0.566)
	<0.001
	-0.237 (-0.359 to -0.114)
	<0.001

	  Local efficiency (Eloc)
	-0.409 (-0.555 to -0.264)
	<0.001
	-0.212 (-0.339 to -0.084)
	0.001
	0.178 (0.053 to 0.304)
	0.006

	  Global efficiency (Eglob)
	-0.421 (-0.566 to -0.276)
	<0.001
	-0.439 (-0.558 to -0.321)
	<0.001
	0.210 (0.085 to 0.335)
	0.001


[bookmark: OLE_LINK46][bookmark: OLE_LINK47]ChP, choroid plexus; CSVD, cerebral small vessel disease; DTI-ALPS, diffusion tensor image analysis along the perivascular space; FA, fractional anisotropy; FA-t, tissue-specific FA; FN, fibre number; MD-t, tissue-specific mean diffusivity; MMSE, mini-mental state examination; TIV, total intracranial volume; WM, white matter; WMH, white matter hyperintensity. 
In multivariable linear regression models, MMSE score, domain-specific cognitive performance, log-transformed normalized WMH volume, WM fibre tract integrity, and network topological properties were treated as continuous dependent variables. All model were Adjusted for age, sex, and education. 

[bookmark: OLE_LINK49]Supplementary Table 5. Longitudinal association of baseline ChP volume with cognitive decline, CSVD progression, and WM microstructural deterioration in the PRECISE cohort. 
	
	Baseline Normalized ChP Volume 
(ratio of TIV×103)

	
	Standardized β (95% CI)
	P value

	Global Cognitive Function

	[bookmark: OLE_LINK15]∆ MoCA adjusted by education
	-0.000 (-0.055 to 0.054)
	0.986

	Total CSVD Burden

	Progression of total CSVD burden
	0.058 (0.004 to 0.111)
	0.034

	CSVD Imaging Markers

	  ∆ Log-transformed normalized WMH volume
	0.085 (0.034 to 0.137)
	0.001

	  Counts of incident lacunes
	0.133 (0.079 to 0.186)
	<0.001

	  Counts of incident CMBs
	0.096 (0.042 to 0.151)
	0.001

	  ∆ Total EPVS grade
	-0.001 (-0.055 to 0.054)
	0.981

	[bookmark: OLE_LINK55]WM Fibre Tract Integrity

	[bookmark: OLE_LINK6]  ∆ Whole-brain mean FA-t
	-0.295 (-0.344 to -0.247)
	<0.001

	∆ Whole-brain mean MD-t (×10-3)
	0.284 (0.237 to 0.331)
	<0.001

	[bookmark: OLE_LINK56]WM Network Topological Properties

	[bookmark: OLE_LINK57]FN-binary networks
	
	

	[bookmark: _Hlk197589222]  ∆ Clustering coefficient (Cp)
	-0.072 (-0.127 to -0.018)
	0.009

	  ∆ Characteristic path length (Lp)
	0.191 (0.138 to 0.244)
	<0.001

	  ∆ Local efficiency (Eloc)
	-0.074 (-0.128 to -0.020)
	0.007

	  ∆ Global efficiency (Eglob)
	-0.160 (-0.213 to -0.107)
	<0.001

	[bookmark: OLE_LINK59][bookmark: OLE_LINK60]FA-weighted networks
	
	

	[bookmark: _Hlk197590676]  ∆ Clustering coefficient (Cp)
	-0.031 (-0.085 to 0.023)
	0.263

	  ∆ Characteristic path length (Lp)
	0.174 (0.121 to 0.227)
	<0.001

	  ∆ Local efficiency (Eloc)
	-0.118 (-0.171 to -0.065)
	<0.001

	  ∆ Global efficiency (Eglob)
	-0.176 (-0.229 to -0.124)
	<0.001

	Brain-Fluid Dysregulation

	[bookmark: OLE_LINK19]∆ DTI-ALPS index
	-0.038 (-0.092 to 0.016)
	0.167

	∆ Free water fraction
	0.186 (0.136 to 0.237)
	<0.001


[bookmark: OLE_LINK64][bookmark: OLE_LINK63]ChP, choroid plexus; CMBs, cerebral microbleeds; CSVD, cerebral small vessel disease; EPVS, enlarged perivascular spaces; DTI-ALPS, diffusion tensor image analysis along the perivascular space; FA, fractional anisotropy; FA-t, tissue-specific FA; FN, fibre number; MD-t, tissue-specific mean diffusivity; MoCA, Montreal cognitive assessment; TIV, total intracranial volume; WM, white matter; WMH, white matter hyperintensity. The delta symbol (∆) indicates change from baseline to follow-up, calculated as follow-up minus baseline. Progression of total CSVD burden (0–4) was defined by assigning 1 point for each of the following present at follow-up vs. baseline: incident lacunes, incident CMBs, a ≥ 1-grade increase in BG-EPVS, and a ≥ 1-grade increase in the combined Fazekas score of periventricular and deep WMH. In general linear regression models, these outcomes were treated as continuous dependent variables, and models were adjusted for age, sex, body mass index, hypertension, diabetes mellitus, hypercholesterolemia, previous heart disease, previous stroke, current smoking, and current drinking.
Supplementary Table 6. Sensitivity analysis: baseline cross-sectional associations of normalized ChP volume with global cognitive function, CSVD imaging markers, WM microstructural integrity and brain-fluid dysregulation in the PRECISE cohort, with additional adjustment for lateral ventricular volume normalized to TIV (LVV/TIV). 
	
	Normalized ChP volume (ratio of TIV ×103)

	
	Standardized β (95% CI)
	P value

	Global Cognitive Function
	
	

	  MoCA adjusted by education
	-0.071 (-0.135 to -0.006)
	0.031

	Total CSVD Burden
	
	

	  Total CSVD burden
	0.019 (-0.042 to 0.080)
	0.545

	  Modified total CSVD burden
	0.050 (-0.011 to 0.111)
	0.108

	CSVD Imaging Features
	
	

	  Log-transformed normalized WMH volume
	0.014 (-0.047 to 0.074)
	0.654

	  Number of lacunes
	0.046 (-0.020 to 0.112)
	0.170

	  Number of CMBs
	0.064 (-0.002 to 0.130)
	0.058

	  Total EPVS grade
	-0.057 (-0.121 to 0.008)
	0.083

	WM Fibre-Tract Integrity
	
	

	  Whole-brain mean FA-t
	-0.113 (-0.166 to -0.060)
	<0.001

	Whole-brain mean MD-t (×10-3)
	0.095 (0.055 to 0.135)
	<0.001

	WM Network Topological Properties (FN-binary networks)
	
	

	  Clustering coefficient (Cp)
	-0.197 (-0.257 to -0.136)
	<0.001

	Characteristic path length (Lp)
	0.168 (0.111 to 0.225)
	<0.001

	Local efficiency (Eloc)
	-0.220 (-0.277 to -0.163)
	<0.001

	Global efficiency (Eglob)
	-0.188 (-0.245 to -0.132)
	<0.001

	Neuroaxonal Injury Markers
	
	

	  Serum NFL level (ng/mL)
	-0.046 (-0.113 to 0.021)
	0.177

	Brain-Fluid Dysregulation
	
	

	  DTI-ALPS index
	-0.140 (-0.195 to -0.085)
	<0.001

	  FW fraction
	0.073 (0.030 to 0.115)
	0.001


ChP, choroid plexus; CMBs, cerebral microbleeds; CSVD, cerebral small vessel disease; DTI-ALPS, diffusion tensor image analysis along the perivascular space; EPVS, enlarged perivascular spaces; FA, fractional anisotropy; FA-t, tissue-specific FA; FN, fibre number; FW, free water; MD-t, tissue-specific mean diffusivity; MoCA, Montreal Cognitive Assessment; NFL, neurofilament light chain; TIV, total intracranial volume; WM, white matter; WMH, white matter hyperintensity.
All models were adjusted for age, sex, body mass index, hypertension, diabetes mellitus, hypercholesterolemia, prior heart disease, prior stroke, current smoking, current drinking, and lateral ventricular volume normalized to TIV (LVV/TIV). 
Supplementary Table 7. Sensitivity analysis: longitudinal associations of baseline normalized ChP volume with cognitive decline, CSVD progression, WM microstructural deterioration, and progression of brain-fluid dysregulation in the PRECISE cohort, with additional adjustment for lateral ventricular volume normalized to TIV (LVV/TIV). 
	
	Baseline Normalized ChP Volume 
(ratio of TIV×103)

	
	Standardized β (95% CI)
	P value

	Global Cognitive Function

	∆ MoCA adjusted by education
	-0.019 (-0.092 to 0.054)
	0.608

	Total CSVD Burden

	Progression of total CSVD burden
	0.033 (-0.039 to 0.105)
	0.365

	CSVD Imaging Markers

	  ∆ Log-transformed normalized WMH volume
	0.071 (0.002 to 0.139)
	0.045

	  Counts of incident lacunes
	0.068 (-0.004 to 0.140)
	0.065

	  Counts of incident CMBs
	0.082 (0.009 to 0.155)
	0.027

	  ∆ Total EPVS grade
	0.031 (-0.042 to 0.105)
	0.404

	WM Fibre Tract Integrity

	  ∆ Whole-brain mean FA-t
	-0.094 (-0.158 to 0.030)
	0.004

	∆ Whole-brain mean MD-t (×10-3)
	0.111 (0.049 to 0.172)
	<0.001

	WM Network Topological Properties (FN-binary networks)

	  ∆ Clustering coefficient (Cp)
	-0.041 (-0.113 to 0.032)
	0.273

	  ∆ Characteristic path length (Lp)
	0.128 (0.056 to 0.199)
	<0.001

	  ∆ Local efficiency (Eloc)
	-0.036 (-0.108 to 0.036)
	0.330

	  ∆ Global efficiency (Eglob)
	-0.089 (-0.160 to -0.018)
	0.014

	Brain-Fluid Dysregulation

	∆ DTI-ALPS index
	-0.014 (-0.087 to 0.058)
	0.697

	∆ FW fraction
	0.088 (0.021 to 0.155)
	0.010


ChP, choroid plexus; CMBs, cerebral microbleeds; CSVD, cerebral small vessel disease; EPVS, enlarged perivascular spaces; DTI-ALPS, diffusion tensor image analysis along the perivascular space; FA, fractional anisotropy; FA-t, tissue-specific FA; FN, fibre number; FW, free water; MD-t, tissue-specific mean diffusivity; MoCA, Montreal cognitive assessment; TIV, total intracranial volume; WM, white matter; WMH, white matter hyperintensity. The delta symbol (∆) indicates change from baseline to follow-up, calculated as follow-up minus baseline. Progression of total CSVD burden (0–4) was defined by assigning 1 point for each of the following present at follow-up vs. baseline: incident lacunes, incident CMBs, a ≥ 1-grade increase in BG-EPVS, and a ≥ 1-grade increase in the combined Fazekas score of periventricular and deep WMH. In general linear regression models, these outcomes were treated as continuous dependent variables, and models were adjusted for age, sex, body mass index, hypertension, diabetes mellitus, hypercholesterolemia, previous heart disease, previous stroke, current smoking, and current drinking, and lateral ventricular volume normalized to TIV (LVV/TIV).

[bookmark: OLE_LINK7][image: ]Supplementary Fig.1 Baseline cross-sectional mediation models linking ChP enlargement to (A) global cognitive impairment (MoCA scores), (B and C) CSVD pathology, (D) white matter (WM) fibre-tract disruption, and (E) WM network-level topological disorganization via brain fluid dysregulation (DTI-ALPS index) in the PRECISE cohort. 
ChP, choroid plexus.
CMBs, cerebral microbleeds. 
Cp, clustering coefficient.
CSVD, cerebral small vessel disease.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
Eglob, global efficiency.
Eloc, local efficiency.
FA-t, tissue-specific fractional anisotropy. 
FN, fibre number. 
Lp, characteristic path length.
MD-t, tissue-specific mean diffusivity.
MoCA, Montreal Cognitive Assessment.
PRECISE, Poly-vasculaR Evaluation for Cognitive Impairment and vaScular Events.
WMH, white matter hyperintensities.
[image: ]
Supplementary Fig.2 Baseline cross-sectional mediation models linking ChP enlargement to (A and B) CSVD pathology, (C) white matter (WM) fibre-tract disruption, and (D) WM network-level topological disorganization via brain fluid dysregulation (FW fraction) in the PRECISE cohort. 
ChP, choroid plexus.
CMBs, cerebral microbleeds. 
Cp, clustering coefficient.
CSVD, cerebral small vessel disease.
FW, free water. 
Eglob, global efficiency.
Eloc, local efficiency.
FA-t, tissue-specific fractional anisotropy. 
FN, fibre number. 
Lp, characteristic path length.
MD-t, tissue-specific mean diffusivity.
PRECISE, Poly-vasculaR Evaluation for Cognitive Impairment and vaScular Events.
WMH, white matter hyperintensities.

Supplementary [image: ]Fig.3 Baseline cross-sectional mediation models linking ChP enlargement to global cognitive impairment (MoCA scores) via a serial pathway of brain fluid dysregulation (DTI-ALPS index) and white matter (WM) network-level topological disorganization in the PRECISE cohort.
ChP, choroid plexus.
Cp, clustering coefficient.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
Eglob, global efficiency.
Eloc, local efficiency.
FN, fibre number. 
Lp, characteristic path length.
MoCA, Montreal Cognitive Assessment.
PRECISE, Poly-vasculaR Evaluation for Cognitive Impairment and vaScular Events.
WMH, white matter hyperintensities.


Supplementary [image: ]Fig.4 External validation: baseline cross-sectional serial mediation models linking ChP enlargement to global cognitive impairment (MMSE scores) via brain fluid dysregulation (DTI-ALPS index and FW fraction) and subsequent parallel pathways through (A) CSVD pathology (WMH volume), (B) white matter (WM) fibre-tract disruption, and (C) WM network-level topological disorganization in the NGCHS cohort. 
ChP, choroid plexus.
CSVD, cerebral small vessel disease.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
FA-t, tissue-specific fractional anisotropy.
FN, fibre number.
FW, free water.
Lp, characteristic path length.
[bookmark: _Hlk200962368]MD-t, tissue-specific mean diffusivity. 
MMSE, mini-mental state examination.
NGCHS, NGCHS, Nanjing Geriatric Cognitive Health Study.
WMH, white matter hyperintensity.

Supplementary [image: ]Fig.5 External validation: baseline cross-sectional serial mediation models linking ChP enlargement to domain-specific cognitive impairment (executive function Z scores) via brain fluid dysregulation (DTI-ALPS index and FW fraction) and subsequent parallel pathways through (A) CSVD pathology (WMH volume), (B) white matter (WM) fibre-tract disruption, and (C) WM network-level topological disorganization in the NGCHS cohort.  
ChP, choroid plexus.
CSVD, cerebral small vessel disease.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
Eglob, global efficiency.
FA-t, tissue-specific fractional anisotropy.
FN, fibre number.
FW, free water. 
Lp, characteristic path length.
[bookmark: _Hlk200962377]MD-t, tissue-specific mean diffusivity.
NGCHS, NGCHS, Nanjing Geriatric Cognitive Health Study.
WMH, white matter hyperintensity.

Supplementary [image: ]Fig.6 External validation: baseline cross-sectional serial mediation models linking ChP enlargement to domain-specific cognitive impairment (information processing speed Z scores) via brain fluid dysregulation (DTI-ALPS index and FW fraction) and subsequent parallel pathways through (A) CSVD pathology (WMH volume), (B) white matter (WM) fibre-tract disruption, and (C) WM network-level topological disorganization in the NGCHS cohort. 
ChP, choroid plexus.
CSVD, cerebral small vessel disease.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
Eglob, global efficiency.
FA-t, tissue-specific fractional anisotropy.
FN, fibre number.
FW, free water. 
Lp, characteristic path length.
NGCHS, NGCHS, Nanjing Geriatric Cognitive Health Study.
WMH, white matter hyperintensity.
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Supplementary Fig.7 Longitudinal mediation models linking baseline ChP volume to (A) progression of total CSVD burden, (B) WMH growth and the counts of incident lacunes and CMBs, (C) progressive white matter (WM) fibre-tract disruption, and (D) progressive network-level topological disorganization, through longitudinal increases in FW fraction in the PRECISE cohort. 
ChP, choroid plexus.
CMBs, cerebral microbleeds. 
Cp, Clustering coefficient.
CSVD, cerebral small vessel disease.
Eglob, Global efficiency.
Eloc, Local efficiency.
[bookmark: OLE_LINK17]FA-t, tissue-specific fractional anisotropy.
FN, fibre number. 
FW, free water. 
Lp, Characteristic path length.
MD-t, tissue-specific mean diffusivity.
PRECISE, Poly-vasculaR Evaluation for Cognitive Impairment and vaScular Events.

Supplementary [image: ]Fig.8 Sensitivity analysis: Baseline cross-sectional mediation models linking ChP enlargement to FA-weighted white matter (WM) network-level topological disorganization through brain fluid dysregulation, indexed by (A) the DTI-ALPS index and (B) FW fraction, in the PRECISE cohort.
ChP, choroid plexus.
Cp, Clustering coefficient.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
Eglob, Global efficiency.
Eloc, Local efficiency.
FA, fractional anisotropy. 
FW, free water.
Lp, Characteristic path length.
PRECISE, Poly-vasculaR Evaluation for Cognitive Impairment and vaScular Events.
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Supplementary Fig.9 Sensitivity analysis: Baseline cross-sectional mediation models linking ChP enlargement to global cognitive impairment (MoCA scores) through a serial pathway of brain fluid dysregulation (DTI-ALPS index) and FA-weighted white matter (WM) network-level topological disorganization in the PRECISE cohort. 
ChP, choroid plexus.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
Eglob, Global efficiency.
Eloc, Local efficiency.
FA, fractional anisotropy. 
Lp, Characteristic path length.
MoCA, Montreal Cognitive Assessment.
PRECISE, Poly-vasculaR Evaluation for Cognitive Impairment and vaScular Events.
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Supplementary Fig.10 Sensitivity analysis: Baseline cross-sectional mediation models linking ChP enlargement to (A) global cognitive impairment (MMSE score) and (B–C) domain-specific cognitive impairment (executive function and information processing speed Z-scores) through a serial pathway of brain fluid dysregulation (DTI-ALPS index and FW fraction) and FA-weighted white matter (WM) network-level topological disorganization in the NGCHS cohort.
ChP, choroid plexus.
DTI-ALPS, diffusion tensor image analysis along the perivascular space.
Eglob, Global efficiency.
FA, fractional anisotropy. 
FW, free water.
Lp, Characteristic path length.
MMSE, mini-mental state examination.
NGCHS, NGCHS, Nanjing Geriatric Cognitive Health Study.

Supplementary [image: ]Fig.11 Sensitivity analysis: Longitudinal mediation models linking baseline ChP volume to progressive FA-weighted white matter (WM) network-level topological disorganization through longitudinal increases in FW fraction in the PRECISE cohort. 
ChP, choroid plexus.
Eglob, Global efficiency.
Eloc, Local efficiency.
FA, fractional anisotropy.
FW, free water. 
Lp, Characteristic path length.
PRECISE, Poly-vasculaR Evaluation for Cognitive Impairment and vaScular Events.
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Supplementary Fig.12 Example choroid plexus (ChP) segmentation in a 64-year-old male. (A) The segmented ChP regions are superimposed on the original 3D T1-weighted MRI scans. The segmentation quality was visually checked by a neurologist blinded to clinical and imaging data. (B) Spearman correlation analysis between ChP volumes obtained by FreeSurfer and deep learning segmentation methods. 
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