Supplementary Materials

Materials and methods
Image acquisition

MRI data were acquired using a 3.0-Tesla MR system (Discovery MR750w, General Electric, Milwaukee, WI, USA) with a 24-channel head coil. During scanning, tight but comfortable foam and earplugs were used to minimize head movement and scanner noise. All subjects were instructed to relax, keep their eyes closed but not fall asleep, think of nothing in particular, and move as little as possible. All participants underwent a high-resolution three-dimensional T1-weighted brain volume (BRAVO) sequence with the following parameters: repetition time (TR) = 8.5 ms; echo time (TE) = 3.2 ms; inversion time (TI) = 450 ms; flip angle (FA) = 12°; field of view (FOV) = 256 mm × 256 mm; matrix size = 256 × 256; slice thickness = 1 mm, no gap; voxel size = 1mm × 1mm × 1mm; 188 sagittal slices; and acquisition time = 296 s. Resting-state fMRI data were acquired using a gradient-echo single-shot echo planar imaging (GRE-SS-EPI) sequence with the following parameters: TR = 2000 ms; TE = 30 ms; FA = 90°; FOV = 220 mm × 220 mm; matrix size = 64 × 64; slice thickness = 3 mm, slice gap = 1 mm; 35 interleaved axial slices; 185 volumes; and acquisition time = 370 s. DTI data were acquired using a spin-echo single-shot echo planar imaging (SE-SS-EPI) sequence with the following parameters: TR = 10,000ms; TE = 74 ms; FA = 90°; FOV = 256 mm × 256 mm; matrix = 128 × 128; slice thickness = 3 mm without gap; 50 axial slices; 64 diffusion gradient directions (b = 1000 s/mm2 ) plus five b = 0 reference images; and acquisition time = 700 s. Routine T2-weighted images were also collected to exclude any organic brain abnormality. All images were visually inspected to ensure that only images without visible artifacts were included in subsequent analyses.

Table S1. Differences in baseline FA of 50 white matter tracts across VD, NVD and control groups

	White matter tract
	F
	P

	Middle cerebellar peduncle
	1.092
	0.341

	Pontine crossing tract (a part of middle cerebellar peduncle)
	3.514
	0.035

	Genu of corpus callosum
	1.543
	0.221

	Body of corpus callosum
	0.536
	0.588

	Splenium of corpus callosum
	3.801
	0.027

	Fornix (column and body of fornix)
	0.032
	0.969

	Right corticospinal tract
	0.657
	0.522

	Left corticospinal tract
	0.189
	0.829

	Right medial lemniscus
	0.176
	0.839

	Left medial lemniscus
	1.096
	0.340

	Right inferior cerebellar peduncle
	2.916
	0.061

	Left inferior cerebellar peduncle
	0.068
	0.934

	Right superior cerebellar peduncle
	0.453
	0.638

	Left superior cerebellar peduncle
	0.145
	0.865

	Right cerebral peduncle
	1.206
	0.306

	Left cerebral peduncle
	0.573
	0.567

	Right anterior limb of internal capsule
	0.210
	0.811

	Left anterior limb of internal capsule
	0.365
	0.695

	Right posterior limb of internal capsule
	2.555
	0.085

	Left posterior limb of internal capsule
	1.370
	0.261

	Right retrolenticular part of internal capsule
	0.747
	0.477

	Left retrolenticular part of internal capsule
	1.339
	0.269

	Right anterior corona radiata
	0.559
	0.574

	Left anterior corona radiata
	0.013
	0.987

	Right superior corona radiata
	1.302
	0.279

	Left superior corona radiata
	1.083
	0.344

	Right posterior corona radiata
	0.522
	0.596

	Left posterior corona radiata
	1.352
	0.265

	Right posterior thalamic radiation (include optic radiation)
	2.581
	0.083

	Left posterior thalamic radiation (include optic radiation)
	2.430
	0.096

	Right sagittal stratum
	1.834
	0.168

	Left sagittal stratum
	0.260
	0.772

	Right external capsule
	0.675
	0.513

	Left external capsule
	0.609
	0.547

	Right cingulum (cingulate gyrus)
	0.060
	0.942

	Left cingulum (cingulate gyrus)
	0.701
	0.499

	Right cingulum (hippocampus)
	1.136
	0.327

	Left cingulum (hippocampus)
	2.718
	0.073

	Right fornix (cres)
	0.969
	0.384

	Left fornix (cres)
	0.258
	0.774

	Right superior longitudinal fasciculus
	3.268
	0.044

	Left superior longitudinal fasciculus
	3.110
	0.051

	Right superior fronto-occipital fasciculus
	0.131
	0.878

	Left superior fronto-occipital fasciculus
	2.972
	0.058

	Right inferior fronto-occipital fasciculus
	0.864
	0.426

	Left inferior fronto-occipital fasciculus
	0.036
	0.964

	Right uncinate fasciculus
	0.450
	0.639

	Left uncinate fasciculus
	0.960
	0.388

	Right tapetum
	0.100
	0.905

	Left tapetum
	0.692
	0.504


Abbreviations: FA, fractional anisotropy; VD, vitamin D supplementation; NVD, no vitamin D supplementation. 

Table S2. Group-by-time interaction effects on FA of 50 white matter tracts

	White matter tract
	F
	P

	Middle cerebellar peduncle
	0.480
	0.492

	Pontine crossing tract (a part of middle cerebellar peduncle)
	0.536
	0.468

	Genu of corpus callosum
	2.616
	0.113

	Body of corpus callosum
	0.609
	0.439

	Splenium of corpus callosum
	1.719
	0.197

	Fornix (column and body of fornix)
	2.730
	0.106

	Right corticospinal tract
	1.453
	0.234

	Left corticospinal tract
	0.036
	0.849

	Right medial lemniscus
	0.021
	0.885

	Left medial lemniscus
	0.080
	0.779

	Right inferior cerebellar peduncle
	0.110
	0.741

	Left inferior cerebellar peduncle
	1.169
	0.285

	Right superior cerebellar peduncle
	2.661
	0.110

	Left superior cerebellar peduncle
	0.468
	0.497

	Right cerebral peduncle
	3.000
	0.090

	Left cerebral peduncle
	0.324
	0.572

	Right anterior limb of internal capsule
	2.255
	0.140

	Left anterior limb of internal capsule
	5.639
	0.022

	Right posterior limb of internal capsule
	0.610
	0.439

	Left posterior limb of internal capsule
	0.040
	0.842

	Right retrolenticular part of internal capsule
	6.830
	0.012

	Left retrolenticular part of internal capsule
	0.119
	0.732

	Right anterior corona radiata
	0.058
	0.810

	Left anterior corona radiata
	1.367
	0.249

	Right superior corona radiata
	2.031
	0.161

	Left superior corona radiata
	0.006
	0.936

	Right posterior corona radiata
	0.713
	0.403

	Left posterior corona radiata
	0.004
	0.950

	Right posterior thalamic radiation (include optic radiation)
	1.012
	0.320

	Left posterior thalamic radiation (include optic radiation)
	0.988
	0.326

	Right sagittal stratum
	4.638
	0.037

	Left sagittal stratum
	0.112
	0.740

	Right external capsule
	7.302
	0.010

	Left external capsule
	0.328
	0.570

	Right cingulum (cingulate gyrus)
	0.319
	0.575

	Left cingulum (cingulate gyrus)
	0.961
	0.332

	Right cingulum (hippocampus)
	2.427
	0.126

	Left cingulum (hippocampus)
	0.726
	0.399

	Right fornix (cres)
	4.673
	0.036

	Left fornix (cres)
	0.105
	0.748

	Right superior longitudinal fasciculus
	2.145
	0.150

	Left superior longitudinal fasciculus
	0.027
	0.870

	Right superior fronto-occipital fasciculus
	1.650
	0.206

	Left superior fronto-occipital fasciculus
	3.471
	0.069

	Right inferior fronto-occipital fasciculus
	14.677
	< 0.001

	Left inferior fronto-occipital fasciculus
	2.829
	0.100

	Right uncinate fasciculus
	4.148
	0.048

	Left uncinate fasciculus
	1.695
	0.200

	Right tapetum
	1.811
	0.185

	Left tapetum
	0.089
	0.767


Abbreviation: FA, fractional anisotropy.
Table S3. Group-by-time interaction effects on functional connectivity between 11 functional networks
	Functional network connectivity
	F
	P

	aDMN-DAN
	0.371
	0.546

	aDMN-lFPN
	1.771
	0.190

	aDMN-pDMN
	0.361
	0.551

	aDMN-rFPN
	0.100
	0.754

	aDMN-SN
	1.145
	0.291

	aDMN-VAN
	< 0.001
	0.985

	AN-aDMN
	0.644
	0.427

	AN-DAN
	0.133
	0.718

	AN-lFPN
	2.512
	0.121

	AN-mVN
	0.002
	0.961

	AN-pDMN
	< 0.001
	0.986

	AN-rFPN
	0.557
	0.459

	AN-SMN
	1.527
	0.223

	AN-SN
	3.651
	0.063

	AN-VAN
	0.172
	0.680

	DAN-lFPN
	2.048
	0.160

	DAN-rFPN
	0.951
	0.335

	DAN-SN
	0.532
	0.470

	DAN-VAN
	1.336
	0.254

	mVN-aDMN
	1.970
	0.168

	mVN-DAN
	0.004
	0.951

	mVN-lFPN
	0.003
	0.955

	mVN-pDMN
	0.133
	0.718

	mVN-rFPN
	7.875
	0.008

	mVN-SN
	0.367
	0.548

	mVN-VAN
	1.536
	0.222

	pDMN-DAN
	2.392
	0.129

	pDMN-lFPN
	0.241
	0.626

	pDMN-rFPN
	0.656
	0.422

	pDMN-SN
	0.124
	0.726

	pDMN-VAN
	0.315
	0.578

	pVN-aDMN
	0.604
	0.442

	pVN-AN
	1.094
	0.302

	pVN-DAN
	< 0.001
	0.986

	pVN-lFPN
	0.215
	0.645

	pVN-mVN
	3.996
	0.052

	pVN-pDMN
	0.025
	0.875

	pVN-rFPN
	4.658
	0.037

	pVN-SMN
	0.027
	0.871

	pVN-SN
	0.477
	0.494

	pVN-VAN
	2.414
	0.128

	rFPN-lFPN
	3.123
	0.084

	rFPN-SN
	1.089
	0.303

	rFPN-VAN
	0.487
	0.489

	SMN-aDMN
	0.049
	0.826

	SMN-DAN
	0.075
	0.785

	SMN-lFPN
	0.265
	0.610

	SMN-mVN
	1.380
	0.247

	SMN-pDMN
	1.625
	0.209

	SMN-rFPN
	0.028
	0.869

	SMN-SN
	2.251
	0.141

	SMN-VAN
	2.021
	0.163

	SN-lFPN
	0.045
	0.833

	SN-VAN
	3.246
	0.079

	VAN-lFPN
	0.061
	0.806


Abbreviations: aDMN, anterior default mode network; AN, auditory network; DAN, dorsal attention network; lFPN, left frontoparietal network; mVN, medial visual network; pDMN, posterior default mode network; pVN, posterior visual network; rFPN, right frontoparietal network; SMN, sensorimotor network; SN, salience network; VAN, ventral attention network.
Table S4. Correlations between changes in neuroimaging measures and clinical variables in VD and NVD groups, respectively

	Clinical variable
	FA of right IFOF
	FC between rFPN and mVN

	
	r
	P
	pr
	P

	VD group

	SCVD
	0.022
	0.926
	-0.273
	0.289

	HAMD
	0.105
	0.658
	0.230
	0.374

	HAMA
	0.227
	0.337
	-0.051
	0.845

	NVD group

	SCVD
	0.110
	0.601
	-0.346
	0.124

	HAMD
	-0.020
	0.924
	0.161
	0.485

	HAMA
	-0.090
	0.662
	-0.033
	0.889


Abbreviations: VD, vitamin D supplementation; NVD, no vitamin D supplementation; FA, fractional anisotropy; IFOF, inferior fronto-occipital fasciculus; FC, functional connectivity; rFPN, right frontoparietal network; mVN, medial visual network; pr, partial correlation coefficient; SCVD, serum concentration of vitamin D; HAMD, Hamilton Rating Scale for Depression; HAMA, Hamilton Rating Scale for Anxiety.
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Figure S1. Spatial maps of 11 selected functional networks. Abbreviations: aDMN, anterior default mode network; pDMN, posterior default mode network; DAN, dorsal attention network; VAN, ventral attention network; pVN, posterior visual network; mVN, medial visual network; lFPN, left frontoparietal network; rFPN, right frontoparietal network; SMN, sensorimotor network; SN, salience network; AN, auditory network; L, left; R, right.
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