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Supplementary Methods

UHPLC-HRMS analysis
Untargeted metabolomics primarily detects the dynamic changes of all metabolites within cells, tissues, organs, or entire organisms in an unbiased manner, enabling the identification of differential metabolites and specific metabolic pathways, thereby uncovering the physiological mechanisms underlying related diseases [1, 2]. Ultra-high-performance liquid chromatography-high resolution mass spectrometry has been widely applied in untargeted metabolomics studies of neuropsychiatric disorders due to its advantages of high separation efficiency, sensitivity, resolution, and its capability to perform both quantitative and qualitative analyses [3, 4]. This approach allows for the detection of metabolic differences between groups and the identification of potential diagnostic metabolites.
Plasma samples were submitted to the meta-PhenotyperTM high coverage and precision metabolomics platform, utilizing three analytical methods based on UHPLC-HRMS for comprehensive detection of metabolites and lipids. Metabolomics analyses were conducted on an UltimateTM 3000 UHPLC system coupled with a Q ExactiveTM quadrupole Orbitrap mass spectrometer (Thermo Scientific, San Jose, USA). The first portion of the hydrophilic extract was analyzed on an ACE C18-PFP column (Advanced Chromatography Technologies Ltd, Aberdeen, Scotland) and detected under positive electrospray mode. The second portion was analyzed on an Acquity HSS C18 column (Waters Corporation, Milford, USA) and detected under negative electrospray mode. Lipidomics analyses were performed on the same analytical instrument operating in positive/negative polarity switching mode, with lipid separation achieved on an Accucore C30 core-shell column (Thermo Scientific, Bellefonte, USA). Full-scan mass spectrometry data at 70,000 FWHM resolution, as well as Top 7 or Top 10 data-dependent MS/MS spectra, were acquired using XCalibur software (Thermo Scientific, San Jose, USA). Plasma samples were processed in multiple batches, with each batch including both experimental and QC samples. The QC samples were uniformly inserted into each batch to monitor and correct for potential batch effects, ensuring data consistency across the entire analysis.

Metabolomic data processing
The full-scan and data-dependent MS2 metabolic profile data obtained using Method 1 and Method 2 were comprehensively extracted using Compound Discoverer software (Thermo Scientific, San Jose, USA). Structural annotation of hydrophilic metabolites was performed by matching the acquired MS2 data against a proprietary iPhenomeTM SMOL high-resolution MS/MS spectral library created using authentic standards, as well as the mzCloud library (Thermo Scientific, San Jose, USA). Additionally, the exact m/z ± 5 ppm of MS1 spectra was searched against the local Human Metabolome Database (HAMB) [5]. Retention time and high-resolution MS/MS spectral similarity were also used to rigorously confirm the structural annotation of metabolites. The chemical identification results of metabolites and lipids were finally annotated according to the classification criteria proposed by the Metabolomics Standards Initiative (MSI) [6]. Metabolomics data from different measurements were first normalized according to previously described protocols, then trimmed and log-transformed for further data processing [7].
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Supplementary Tables

Supplementary Table 1. Antipsychotics medication status of the participants.
	Medication
	DS (n = 51)
	
	NDS (n = 75)

	
	Number
	Proportion
	
	Number
	Proportion

	Atypical Antipsychotics
	
	
	
	
	

	Clozapine
	14
	15.91%
	
	17
	12.14%

	Olanzapine
	20
	22.73%
	
	37
	26.43%

	Risperidone
	25
	28.41%
	
	37
	26.43%

	Aripiprazole
	5 
	5.68%
	
	8
	5.71%

	Quetiapine
	11
	12.50%
	
	16
	11.43%

	Amisulpride
	5
	5.68%
	
	9
	6.43%

	Ziprasidone
	1
	1.14%
	
	0
	0%

	Perospirone
	2
	2.27%
	
	3
	2.14%

	Lurasidone
	0
	0%
	
	1
	0.71%

	Blonanserin
	1 
	1.14%
	
	2
	1.43%

	Typical Antipsychotics
	
	
	
	
	

	Chlorpromazine
	4
	4.55%
	
	10
	7.14%


Abbreviations: DS, Deficit schizophrenia; NDS, Nondeficit schizophrenia.

Supplementary Table 2. Antipsychotics monotherapy versus combination therapy.
	Treatment mode
	DS (n = 51)
	NDS（n = 75）

	Monotherapy
	25
	32

	Combination therapy
	26
	43

	F
	0.50

	p-value
	0.482


Abbreviations: DS, Deficit schizophrenia; NDS, Nondeficit schizophrenia.
 




Supplementary Table 3. Impaired metabolic pathways in DS.
	Metabolic pathway
	Impact
	p-value
	-log(p-value)

	Histidine metabolism
	0.17213
	0.0049
	2.306

	Alanine, aspartate and glutamate metabolism
	0.13462
	0.0149
	1.827

	[bookmark: OLE_LINK2]Lysine degradation
	0.11247
	0.0170
	1.770

	Valine, leucine and isoleucine biosynthesis
	0
	0.0541
	1.267

	Ascorbate and aldarate metabolism
	0
	0.0606
	1.217

	Pentose and glucuronate interconversions
	0.10843
	0.1241
	0.906

	Pantothenate and CoA biosynthesis
	0
	0.1302
	0.885

	Arginine and proline metabolism
	0.04651
	0.2231
	0.652

	Pyrimidine metabolism
	0.05835
	0.2394
	0.621

	Valine, leucine and isoleucine degradation
	0.01084
	0.2448
	0.611

	Tryptophan metabolism
	0
	0.2502
	0.602


Abbreviations: DS, Deficit schizophrenia. Bold values indicate p < 0.05.



Supplementary Table 4. The detailed parameters of LASSO.
	Metabolites
	Lamda.1se

	Succinylcarnitine (AcCa(4:0-DC))
	-0.0639 

	Arachidonoylcarnitine (AcCa(20:4))
	0.0000 

	N-Acetylaspartylglutamic acid
	0.1590 

	N-Acetylputrescine
	0.0000 

	Pipecolic acid
	0.1908 

	Urocanic acid
	-0.0836 

	N-Acetylglutamine
	-0.7063 

	Indoleacetic acid
	0.0000 

	N-Acetylthreonine
	-0.1411 

	Formiminoglutamic acid
	0.0000 

	N-Acetyl-L-aspartic acid
	0.0473 

	Glycochenodeoxycholic acid 3-glucuronide
	0.0000 

	Glucose + myo-Inositol
	0.0470 

	2-tert Butylhydroquinone sulfate
	0.2194 

	3-(3-Hydroxyphenyl) propionic acid
	0.0000 

	Benzeneacetamide-4-O-sulphate
	-0.0526 

	4-Hydroxychlorothalonil
	-0.1753 

	Lauroyl-ethanolamine
	0.0000 

	Aminoadipic acid
	-0.2526 

	Hydrocinnamic acid
	-0.1374 

	Desaminotyrosine
	0.0496 

	3-Hydroxyhippuric acid
	0.0360 

	alpha-Ketoisovaleric acid
	0.2843 

	Ile-Ile
	0.0000 

	gamma-Glu-Thr
	-0.0498 

	N6-Methyladenosine
	0.2120 

	Thymidine
	0.1302 

	Pregnanolone sulfate
	0.0077 

	M1X-RT511MZ302
	0.0000 

	M1X-RT455MZ318
	0.0000 

	M2X-RT379MZ437
	0.0000 

	M2X-RT37MZ197
	0.0000 

	M2X-RT34MZ215
	0.0000

	M2X-RT241MZ259
	0.0000 


Abbreviations: LASSO, Least Absolute Shrinkage and Selection Operator. The lamda_1se of differentially expressed metabolites from LASSO models comparing deficit and nondeficit schizophrenia.



Supplementary Table 5. The AUC values of 57 differentially expressed metabolites used to distinguish between DS and NDS.
	Metabolites
	AUC

	Succinylcarnitine (AcCa(4:0-DC))
	0.603

	N-Acetylaspartylglutamic acid
	0.368

	Pipecolic acid
	0.365

	Urocanic acid
	0.602

	N-Acetylglutamine
	0.611

	N-Acetylthreonine
	0.607

	N-Acetyl-L-aspartic acid
	0.402

	Glucose + myo-Inositol
	0.359

	2-tert Butylhydroquinone sulfate
	0.357

	Benzeneacetamide-4-O-sulphate
	0.616

	4-Hydroxychlorothalonil
	0.584

	Aminoadipic acid
	0.606

	Hydrocinnamic acid
	0.627

	Desaminotyrosine
	0.373

	3-Hydroxyhippuric acid
	0.359

	alpha-Ketoisovaleric acid
	0.382

	gamma-Glu-Thr
	0.662

	N6-Methyladenosine
	0.401

	Thymidine
	0.378

	Pregnanolone sulfate
	0.425


[bookmark: _Hlk199517165]Abbreviations: AUC, Area under the curve; DS, Deficit schizophrenia; NDS, Nondeficit schizophrenia.


Supplementary Table 6. Log-transformed plasma levels of metabolites associated with differentiating DS and NDS.
	
	DS (n = 51)
	NDS (n = 75)
	F
	p-value

	Succinylcarnitine (AcCa(4:0-DC))
	20.80 ± 0.50
	20.58 ± 0.62
	4.10
	0.045

	N-Acetylaspartylglutamic acid
	15.08 ± 1.71
	15.87 ± 1.40
	8.00
	0.005

	Pipecolic acid
	27.62 ± 0.57
	27.93 ± 0.68
	7.33
	0.008

	Urocanic acid
	23.19 ± 0.84
	22.90 ± 0.77
	3.92
	0.050

	N-Acetylglutamine
	27.35 ± 0.26
	27.24 ± 0.30
	4.78
	0.031

	N-Acetylthreonine
	17.92 ± 0.78
	17.54 ± 0.85
	6.42
	0.013

	N-Acetyl-L-aspartic acid
	21.87 ± 1.06
	22.25 ± 1.03
	4.29
	0.040

	Glucose + myo-Inositol
	16.36 ± 3.72
	18.29 ± 3.82
	7.86
	0.006

	2-tert Butylhydroquinone sulfate
	17.90 ± 1.48
	18.68 ± 1.28
	9.82
	0.002

	Benzeneacetamide-4-O-sulphate
	22.63 ± 0.74
	22.32 ± 0.88
	4.14
	0.044

	4-Hydroxychlorothalonil
	17.79 ± 0.83
	17.35 ± 1.30
	4.49
	0.036

	Aminoadipic acid
	25.62 ± 1.29
	25.14 ± 0.88
	6.22
	0.014

	Hydrocinnamic acid
	20.44 ± 1.26
	19.97 ± 1.12
	4.78
	0.031

	Desaminotyrosine
	17.69 ± 0.93
	18.10 ± 0.89
	6.22
	0.014

	3-Hydroxyhippuric acid
	19.47 ± 2.29
	20.49 ± 1.76
	8.05
	0.005

	alpha-Ketoisovaleric acid
	24.09 ± 0.44
	24.25 ± 0.36
	4.74
	0.031

	gamma-Glu-Thr
	25.40 ± 1.33
	24.52 ± 1.51
	11.46
	0.001

	N6-Methyladenosine
	20.05 ± 0.78
	20.36 ± 0.84
	4.22
	0.042

	Thymidine
	11.36 ± 0.65
	11.73 ± 0.92
	6.10
	0.015

	Pregnanolone sulfate
	17.95 ± 0.96
	18.39 ± 1.16
	4.98
	0.027


Abbreviations: DS, Deficit schizophrenia; NDS, Nondeficit schizophrenia.



Supplementary Figures
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Supplementary Figure 1. Cognitive function changes: Comparison between the DS and NDS groups at baseline and 2-year follow-up.
[bookmark: _Hlk199515852]Abbreviations: DS, Deficit schizophrenia; NDS, Nondeficit schizophrenia. *p < 0.05, **p < 0.01, ***p < 0.001
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Supplementary Figure 2. PCA plot of plasma metabolomic profiles between DS and NDS groups. 
Abbreviations: PCA, Principal components analysis; DS, Deficit schizophrenia; NDS, Nondeficit schizophrenia. 
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[bookmark: OLE_LINK1]Supplementary Figure 3. LASSO coefficient paths for metabolite selection.
Abbreviations: LASSO, Least Absolute Shrinkage and Selection Operator.
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Supplementary Figure 4. LASSO regression cross-validation curve for metabolite selection.
Abbreviations: LASSO, Least Absolute Shrinkage and Selection Operator.
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