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Supplementary Table S1. Pathway analysis of differential cerebrospinal fluid metabolites between neuropsychiatric systemic lupus erythematosus (NPSLE) and all control groups.
	
	Total
	Expected
	Hits
	Raw p
	-log(p)
	Holm adjust
	FDR
	Impact

	Galactose metabolism
	27
	0.36581
	2
	0.050071
	1.3004
	1
	1
	0.02924

	Glycine, serine and threonine metabolism
	33
	0.4471
	2
	0.071756
	1.1441
	1
	1
	0.11907

	Ascorbate and aldarate metabolism
	8
	0.10839
	1
	0.10361
	0.98461
	1
	1
	0

	Pantothenate and CoA biosynthesis
	19
	0.25742
	1
	0.22949
	0.63923
	1
	1
	0.02143

	Fructose and mannose metabolism
	20
	0.27097
	1
	0.24006
	0.61968
	1
	1
	0

	β-Alanine metabolism
	21
	0.28452
	1
	0.25049
	0.60121
	1
	1
	0.39925

	Pentose phosphate pathway
	22
	0.29806
	1
	0.26079
	0.58372
	1
	1
	0

	Propanoate metabolism
	23
	0.31161
	1
	0.27095
	0.56712
	1
	1
	0

	Glycolysis / Gluconeogenesis
	26
	0.35226
	1
	0.30063
	0.52196
	1
	1
	0.00084

	Alanine, aspartate and glutamate metabolism
	28
	0.37935
	1
	0.31978
	0.49515
	1
	1
	0

	Phosphatidylinositol signaling system
	28
	0.37935
	1
	0.31978
	0.49515
	1
	1
	0.03736

	Inositol phosphate metabolism
	30
	0.40645
	1
	0.33843
	0.47054
	1
	1
	0.12939

	Amino sugar and nucleotide sugar metabolism
	37
	0.50129
	1
	0.39993
	0.39801
	1
	1
	0

	Arginine and proline metabolism
	38
	0.51484
	1
	0.40826
	0.38906
	1
	1
	0.02346

	Pyrimidine metabolism
	39
	0.52839
	1
	0.41648
	0.38041
	1
	1
	0

	Aminoacyl-tRNA biosynthesis
	48
	0.65032
	1
	0.48571
	0.31362
	1
	1
	0

	Metabolism of xenobiotics by cytochrome P450
	68
	0.92129
	1
	0.61263
	0.2128
	1
	1
	0.0102


All controls included systemic lupus erythematosus (SLE) controls, connective tissue disease (CTD) controls and nervous system disorder (NSD) controls. Total: total number of compounds in pathway; Expected: appearance of the metabolite in a particular pathway expected by random chance within the pathway dataset; Hits: actually matched number of metabolites in pathway; Impact: pathway impact value calculated from pathway topology analysis.





Supplementary Table S2. Features with VIP scores greater than 1.5 and p value less than 0.05
	Compounds
	Up/down
	P value
	VIP

	1,3-diisopropylbenzene
	down
	5.67E-18
	2.728

	Sulfamethoxypyridazine
	down
	4.49E-17
	2.7022

	Methyl cinnamate
	down
	7.49E-17
	2.6954

	Methyl α-D-glucopyranoside
	up
	8.97E-17
	2.6929

	1-Pentadecanol
	down
	1.42E-14
	2.6125

	4-tert-Octylphenol
	down
	1.95E-14
	2.6066

	3,5-Dinitrosalicylic acid
	up
	1.95E-13
	2.5608

	Bromodichloromethane
	up
	2.98E-13
	2.5517

	Neopterin
	down
	7.71E-13
	2.5304

	D-Glucono-1,5-Lactone
	up
	1.53E-12
	2.5143

	L-Asparagine Anhydrous
	down
	3.21E-12
	2.496

	2,4-Di-tert-butylphenol
	down
	1.46E-11
	2.4562

	Ethyl dodecanoate
	up
	5.24E-11
	2.4196

	MethylLinolenate
	up
	2.96E-10
	2.365

	Triethylamine
	up
	4.19E-10
	2.3534

	Methylbeta-D-galactopyranoside
	up
	5.98E-10
	2.3411

	β-Alanine
	down
	1.42E-09
	2.3102

	(E)-2-Octen-1-ol
	down
	3.51E-09
	2.2759

	O-Acetyl-L-serine
	up
	2.22E-08
	2.1992

	Octanal
	down
	5.62E-08
	2.1569

	N-Methylacetoacetamide
	down
	1.22E-07
	2.1193

	Naphthalene
	down
	1.23E-07
	2.1189

	Benzylcinnamate
	down
	2.32E-07
	2.0866

	Sarcosine
	down
	3.60E-07
	2.0633

	4-Ethylbenzoic Acid
	down
	5.61E-07
	2.039

	Parachlorophenol
	down
	1.39E-06
	1.9867

	3-Hydroxy-4,5-dimethyl-2(5H)-furanone
	up
	2.04E-06
	1.9636

	Jasmonic acid
	up
	4.00E-06
	1.921

	2-Nonanone
	up
	4.31E-06
	1.9161

	Carene
	up
	4.84E-06
	1.9085

	Cis-3-Hexenylacetate
	up
	1.05E-05
	1.8562

	Trans-Citridic Acid
	up
	1.51E-05
	1.8298

	1-Nonanal
	down
	1.54E-05
	1.8285

	2,5-Dimethylfuran
	up
	2.69E-05
	1.7871

	Inositol
	up
	5.72E-05
	1.7278

	Docusate Sodium
	up
	6.61E-05
	1.7161

	Guanidineacetic Acid
	up
	7.54E-05
	1.7052

	Trans,Trans-Muconic Acid
	up
	9.85E-05
	1.6826

	Barbituric acid
	up
	0.000124
	1.663

	Α-D-Glucose
	up
	0.000207
	1.6167

	2-Acetylfuran
	up
	0.000326
	1.5743

	Alpha-Cadinene
	up
	0.000414
	1.5511

	4-Nitrophenol
	down
	0.000446
	1.5438

	Delta-Hexalactone
	down
	0.000581
	1.5171


VIP, Variable important in projection









Supplementary table S3. Diagnostic performance of inositol for NPSLE
	Inositol（ng/ml）
	Sensitivity%
	95% CI
	Specificity%
	95% CI
	Likelihood ratio

	< 12219
	0.000
	0.000% to 20.39%
	95.45
	78.20% to 99.77%
	0.000

	< 17729
	6.667
	0.3420% to 29.82%
	95.45
	78.20% to 99.77%
	1.467

	< 19154
	13.33
	2.369% to 37.88%
	95.45
	78.20% to 99.77%
	2.933

	< 20715
	20.00
	7.048% to 45.19%
	95.45
	78.20% to 99.77%
	4.400

	< 21406
	26.67
	10.90% to 51.95%
	95.45
	78.20% to 99.77%
	5.867

	< 22623
	33.33
	15.18% to 58.29%
	95.45
	78.20% to 99.77%
	7.333

	< 23980
	40.00
	19.82% to 64.25%
	95.45
	78.20% to 99.77%
	8.800

	< 24938
	46.67
	24.81% to 69.88%
	95.45
	78.20% to 99.77%
	10.27

	< 25588
	53.33
	30.12% to 75.19%
	95.45
	78.20% to 99.77%
	11.73

	< 26944*
	60.00
	35.75% to 80.18%
	95.45
	78.20% to 99.77%
	13.20

	< 28854
	60.00
	35.75% to 80.18%
	90.91
	72.19% to 98.38%
	6.600

	< 29939
	66.67
	41.71% to 84.82%
	90.91
	72.19% to 98.38%
	7.333

	< 30286
	66.67
	41.71% to 84.82%
	86.36
	66.67% to 95.25%
	4.889

	< 30869
	66.67
	41.71% to 84.82%
	81.82
	61.48% to 92.69%
	3.667

	< 31884
	73.33
	48.05% to 89.10%
	81.82
	61.48% to 92.69%
	4.033

	< 33009
	73.33
	48.05% to 89.10%
	77.27
	56.56% to 89.88%
	3.227

	< 33511
	73.33
	48.05% to 89.10%
	72.73
	51.85% to 86.85%
	2.689

	< 33659
	80.00
	54.81% to 92.95%
	72.73
	51.85% to 86.85%
	2.933

	< 34002*
	86.67
	62.12% to 97.63%
	72.73
	51.85% to 86.85%
	3.178

	< 34763
	86.67
	62.12% to 97.63%
	68.18
	47.32% to 83.64%
	2.724

	< 36146
	86.67
	62.12% to 97.63%
	63.64
	42.95% to 80.27%
	2.383

	< 36973
	86.67
	62.12% to 97.63%
	59.09
	38.73% to 76.74%
	2.119

	< 37024
	86.67
	62.12% to 97.63%
	54.55
	34.66% to 73.08%
	1.907

	< 37426
	93.33
	70.18% to 99.66%
	54.55
	34.66% to 73.08%
	2.053

	< 38116
	93.33
	70.18% to 99.66%
	50.00
	30.72% to 69.28%
	1.867

	< 38928
	93.33
	70.18% to 99.66%
	45.45
	26.92% to 65.34%
	1.711

	< 40035
	93.33
	70.18% to 99.66%
	40.91
	23.26% to 61.27%
	1.579

	< 41293
	93.33
	70.18% to 99.66%
	36.36
	19.73% to 57.05%
	1.467

	< 43081
	93.33
	70.18% to 99.66%
	31.82
	16.36% to 52.68%
	1.369

	< 44536*
	100.0
	79.61% to 100.0%
	31.82
	16.36% to 52.68%
	1.467

	< 45100
	100.0
	79.61% to 100.0%
	27.27
	13.15% to 48.15%
	1.375

	< 45595
	100.0
	79.61% to 100.0%
	22.73
	10.12% to 43.44%
	1.294

	< 48433
	100.0
	79.61% to 100.0%
	18.18
	7.307% to 38.52%
	1.222

	< 51575
	100.0
	79.61% to 100.0%
	13.64
	4.749% to 33.33%
	1.158

	< 52932
	100.0
	79.61% to 100.0%
	9.091
	1.615% to 27.81%
	1.100

	< 56044
	100.0
	79.61% to 100.0%
	4.545
	0.2332% to 21.80%
	1.048


CI, confidence interval.

Supplementary data
Sample preparation and metabolomics profiling
Cerebrospinal fluid (CSF) sample collection and preparation for the metabolomics profiling   
CSF samples were collected in dry tubes. After standing for 30 min, the samples were centrifuged at 3000 rpm for 5 min under room temperature, and were stored at -80 ℃ temporarily until analysis.
Prior to LC-MS analysis, sample was thawed on ice, 150 μL of ice-cold methanol was added to 50 μL of CSF, whirl the mixture for 3 min and centrifuge it with 12,000 rpm at 4 ℃ for 10 min. Then collect the supernatant and centrifuge it at 12,000 rpm at 4 ℃ for 5 min. Finally collect the supernatant again and it will be used for UPLC-MS analysis.
UPLC-MS/MS for the metabolomics profiling
The sample extracts were analyzed using an UPLC- electrospray ionization (ESI)-MS/MS system (UPLC, Shim-pack UFLC SHIMADZU CBM A system, https://www.shimadzu.com/; MS, QTRAP® 6500+ System, https://sciex.com/). The analytical conditions were as follows, UPLC: column, Waters ACQUITY UPLC HSS T3 C18(1.8 µm, 2.1 mm*100 mm); column temperature, 40 ℃; flow rate, 0.4 mL/min; injection volume, 2 μL; solvent system, water (0.04% acetic acid): acetonitrile (0.04% acetic acid); gradient program, 95:5 V/V at 0 min, 5:95 V/V at 11.0 min, 5:95 V/V at 12.0 min, 95:5 V/V at 12.1 min, 95:5 V/V at 14.0 min. The effluent was alternatively connected to an ESI-triple quadrupole-linear ion trap (QTRAP)-MS.
After separation, Linear ion trap (LIT) and triple quadrupole (QQQ) scans were acquired on a triple quadrupole-linear ion trap mass spectrometer (QTRAP), QTRAP® 6500+ LC-MS/MS System, equipped with an ESI Turbo Ion-Spray interface, operating in positive and negative ion mode and controlled by Analyst 1.6.3 software (Sciex). The ESI source operation parameters were as follows: source temperature 500℃; ion spray voltage (IS) 5500 V (positive), -4500 V (negative); ion source gas I (GSI), gas II (GSII), curtain gas (CUR) was set at 55, 60, and 25.0 psi, respectively; the collision gas (CAD) was high. Instrument tuning and mass calibration were performed with 10 and 100 μmol/L polypropylene glycol solutions in QQQ and LIT modes, respectively. A 26 specific set of MRM transitions were monitored for each period according to the metabolites eluted within this period.
Sample preparation and extraction for the validation group
After the sample was thawed the sample was vortexd for 10 seconds. 25 μL of the sample was transferred to a centrifuge tube, and mixed with 150 μL of methanol, vortexed for 5 minutes, centrifuged at 12000 r/min for 10 min at 4°C. Take 120 μL of supernatant into a new centrifuge tube and place the supernatant in -20°C refrigerator for 30 min. Then the supernatant was centrifuged at 12000 r/min for 3 min at 4°C. After centrifugation, transfer 100 μL of the supernatant for further LC-MS analysis.
UPLC Conditions for the validation group
The sample extracts were analyzed using an LC-ESI-MS/MS system (UPLC, ExionLC AD， https://sciex.com.cn/; MS, QTRAP® 6500+ System, https://sciex.com/). The analytical conditions were as follows. Amide method: HPLC: column, ACQUITY UPLC BEH Amide (i.d.2.1×100 mm, 1.7 μm); solvent system, water with 10 mM Ammonium acetate and 0.15% formic acid (A), 95% acetonitrile/5%water (V/V) with 2mM Ammonium acetate and 0.15% formic acid (B); The gradient was started at 85% B (0-5 min), decreased to 70% B (5-9 min),60% B (9-11 min), finally ramped back to 85% B (11.1-15 min); flow rate, 0.4 mL/min; temperature, 40°C; injection volume: 5 μL.
ESI-MS/MS Conditions for the validation group
Linear ion trap (LIT) and triple quadrupole (QQQ) scans were acquired on a triple quadrupole-linear ion trap mass spectrometer (QTRAP), QTRAP® 6500+ LC-MS/MS System, equipped with an ESI Turbo Ion-Spray interface, operating in both positive and negative ion mode and controlled by Analyst 1.6.3 software (Sciex). The ESI source operation parameters were as follows: ion source, ESI+/-; source temperature 500 ℃; ion spray voltage (IS) 5500 V（Positive）, -4500 V(Negative); curtain gas (CUR) was set at 20 psi, respectively. Tryptophan and its metabolites were analyzed using scheduled multiple reaction monitoring (MRM). Data acquisitions were performed using Analyst 1.6.3 software (Sciex). Multiquant 3.0.3 software (Sciex) was used to quantify all metabolites. Mass spectrometer parameters including the declustering potentials (DP) and collision energies (CE) for individual MRM transitions were done with further DP and CE optimization. A specific set of MRM transitions were monitored for each period according to the metabolites eluted within this period.
Calibration curve for the validation group
Prepare 0.01 ng/mL, 0.02 ng/mL, 0.05 ng/mL, 0.1 ng/mL, 0.2 ng/mL, 0.5 ng/mL, 1 ng/mL, 2 ng/mL, 5 ng/mL, 10 ng/mL , 20 ng/mL, 50 ng/mL, 100 ng/mL, 200 ng/mL, 500 ng/mL, 1000 ng/mL, 2000 ng/mL, 5000 ng/mL (inositol 0.1-50000 ng/mL) metabolite standard solutions of different concentrations, obtain the mass peak intensity data of the corresponding quantitative signals of each concentration standard; the external standard concentration (Concentration) as the abscissa, the external standard peak area (Area) as the ordinate, Plot standard curves for different substances.
Sample concentration for the validation group
Substitute the detected integral peak area ratios of all samples into the linear equation of the standard curve for calculation, and further bring it into the calculation formula for calculation, and finally obtain the content data of the substance in the actual sample.
The content of each substance in the sample (ng/mL) = c*V1/1000/V2
c: The concentration (ng/mL) obtained by the standard curve;
V1: total volume of extraction solution (μL);
V2: Volume of sample pipetted (mL)；
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