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Appendix Table S1
Pipeline configuration and scoring parameters.
	Parameter
	Value

	Generated
	2026-06-30 05:40:32

	Ki database
	/content/Z_database/KiDatabase_2026-06-22.csv

	Drug list
	/content/Z_database/atc_n05a_drugs.csv

	Output root
	/content/pipeline_output/n05a_ki_twas_metab_log

	Score formula
	affinity_dose_score = inv_Ki × log(DDD_mg + 1)

	TWAS directories processed
	4

	Fuzzy matching threshold
	80

	Ki aggregation
	Minimum Ki, representing strongest reported binding

	Strong binder threshold
	Ki < 10.0 nM

	TWAS significance threshold
	p < 0.05

	Ki imputation strategy
	Mean; no Ki values were imputed in the completed runs

	TWAS imputation strategy
	Mean; imputed TWAS rows were not counted as genuine significant hits


Note. DDD = defined daily dose; TWAS = transcriptome-wide association study.
Appendix Table S2
Cross-run overview across Zhou-linked TWAS contexts.
	TWAS label
	Genes
	Matched drugs
	Drug × receptor pairs
	Rows dropped
	Ki imputed
	TWAS imputed
	TWAS-significant rows

	zhou_CKD
	17,854
	58
	1,285
	0
	0
	210
	163

	zhou_ESSHP
	17,854
	58
	1,285
	0
	0
	210
	105

	zhou_T2D
	17,854
	58
	1,285
	0
	0
	210
	74

	zhou_obesity
	17,854
	58
	1,285
	0
	0
	210
	134


Note. Each run used the same receptor-pharmacology table and differed only by TWAS context.
Appendix Table S3
Per-trait headline numbers and top-five ranked drugs.
	Trait
	Drugs scored
	Pairs
	Strong binders
	TWAS-significant rows
	TWAS-imputed rows
	Top-five metabolic-risk drugs

	zhou_CKD
	52
	1,285
	247
	163
	210
	clozapine; chlorpromazine; asenapine; zotepine; ziprasidone

	zhou_ESSHP
	52
	1,285
	247
	105
	210
	clozapine; chlorpromazine; asenapine; zotepine; ziprasidone

	zhou_T2D
	52
	1,285
	247
	74
	210
	clozapine; chlorpromazine; zotepine; ziprasidone; asenapine

	zhou_obesity
	52
	1,285
	247
	134
	210
	clozapine; chlorpromazine; asenapine; ziprasidone; risperidone


Appendix Table S4
Top 15 metabolic-risk drugs by trait-specific analysis.
	Trait
	Rank
	Drug
	Risk
	Max |TWAS z|

	zhou_CKD
	1
	clozapine
	115.94
	3.185

	zhou_CKD
	2
	chlorpromazine
	100.00
	3.185

	zhou_CKD
	3
	asenapine
	80.45
	3.185

	zhou_CKD
	4
	zotepine
	76.38
	3.185

	zhou_CKD
	5
	ziprasidone
	69.55
	3.185

	zhou_CKD
	6
	risperidone
	66.35
	3.185

	zhou_CKD
	7
	thioridazine
	62.25
	3.185

	zhou_CKD
	8
	olanzapine
	61.14
	3.185

	zhou_CKD
	9
	chlorprothixene
	57.77
	2.661

	zhou_CKD
	10
	sertindole
	42.57
	2.661

	zhou_CKD
	11
	iloperidone
	38.56
	3.185

	zhou_CKD
	12
	brexpiprazole
	30.81
	3.185

	zhou_CKD
	13
	fluphenazine
	25.88
	3.185

	zhou_CKD
	14
	mesoridazine
	23.38
	2.661

	zhou_CKD
	15
	quetiapine
	22.48
	3.185

	zhou_ESSHP
	1
	clozapine
	135.27
	3.688

	zhou_ESSHP
	2
	chlorpromazine
	100.00
	3.688

	zhou_ESSHP
	3
	asenapine
	87.16
	3.688

	zhou_ESSHP
	4
	zotepine
	82.75
	3.688

	zhou_ESSHP
	5
	ziprasidone
	81.14
	3.688

	zhou_ESSHP
	6
	risperidone
	77.41
	3.688

	zhou_ESSHP
	7
	olanzapine
	71.33
	3.688

	zhou_ESSHP
	8
	thioridazine
	62.25
	3.688

	zhou_ESSHP
	9
	sertindole
	56.37
	3.688

	zhou_ESSHP
	10
	chlorprothixene
	48.54
	2.411

	zhou_ESSHP
	11
	iloperidone
	38.56
	3.688

	zhou_ESSHP
	12
	brexpiprazole
	35.94
	3.688

	zhou_ESSHP
	13
	quetiapine
	26.22
	3.688

	zhou_ESSHP
	14
	fluphenazine
	25.88
	3.688

	zhou_ESSHP
	15
	perphenazine
	23.45
	3.365

	zhou_T2D
	1
	clozapine
	139.88
	3.109

	zhou_T2D
	2
	chlorpromazine
	100.00
	2.732

	zhou_T2D
	3
	zotepine
	83.34
	2.811

	zhou_T2D
	4
	ziprasidone
	81.72
	2.811

	zhou_T2D
	5
	asenapine
	81.03
	2.811

	zhou_T2D
	6
	risperidone
	80.04
	3.109

	zhou_T2D
	7
	olanzapine
	73.76
	3.109

	zhou_T2D
	8
	thioridazine
	62.25
	2.732

	zhou_T2D
	9
	sertindole
	58.29
	3.109

	zhou_T2D
	10
	chlorprothixene
	50.09
	1.872

	zhou_T2D
	11
	iloperidone
	38.56
	2.732

	zhou_T2D
	12
	brexpiprazole
	36.20
	2.811

	zhou_T2D
	13
	quetiapine
	27.12
	3.109

	zhou_T2D
	14
	perphenazine
	26.28
	2.732

	zhou_T2D
	15
	fluphenazine
	25.88
	2.732

	zhou_obesity
	1
	clozapine
	140.12
	2.986

	zhou_obesity
	2
	chlorpromazine
	100.00
	2.474

	zhou_obesity
	3
	asenapine
	80.45
	2.474

	zhou_obesity
	4
	ziprasidone
	80.25
	2.474

	zhou_obesity
	5
	risperidone
	80.18
	2.986

	zhou_obesity
	6
	zotepine
	76.38
	2.474

	zhou_obesity
	7
	olanzapine
	73.88
	2.986

	zhou_obesity
	8
	thioridazine
	62.25
	2.474

	zhou_obesity
	9
	chlorprothixene
	55.15
	2.474

	zhou_obesity
	10
	sertindole
	54.50
	2.986

	zhou_obesity
	11
	iloperidone
	38.56
	2.474

	zhou_obesity
	12
	brexpiprazole
	33.17
	2.474

	zhou_obesity
	13
	quetiapine
	27.17
	2.986

	zhou_obesity
	14
	perphenazine
	26.28
	2.474

	zhou_obesity
	15
	fluphenazine
	25.88
	2.474


Appendix Table S5
Spearman correlation matrix for metabolic-risk scores.
	Risk score
	zhou_CKD
	zhou_ESSHP
	zhou_T2D
	zhou_obesity

	zhou_CKD
	1.000
	0.995
	0.995
	0.996

	zhou_ESSHP
	0.995
	1.000
	0.998
	0.997

	zhou_T2D
	0.995
	0.998
	1.000
	0.995

	zhou_obesity
	0.996
	0.997
	0.995
	1.000


Note. Mean off-diagonal Spearman rho = 0.996, indicating high cross-trait concordance.
Appendix Table S6
Consensus metabolic-risk ranking across the four Zhou-linked trait contexts.
	Rank
	Drug
	Mean risk
	Median risk
	SD
	Top-10 appearances
	Traits present

	1
	clozapine
	132.80
	137.57
	11.46
	4
	4

	2
	chlorpromazine
	100.00
	100.00
	0.00
	4
	4

	3
	asenapine
	82.27
	80.74
	3.27
	4
	4

	4
	zotepine
	79.71
	79.56
	3.85
	4
	4

	5
	ziprasidone
	78.16
	80.69
	5.78
	4
	4

	6
	risperidone
	75.99
	78.72
	6.56
	4
	4

	7
	olanzapine
	70.03
	72.54
	6.04
	4
	4

	8
	thioridazine
	62.25
	62.25
	0.00
	4
	4

	9
	sertindole
	52.93
	55.43
	7.08
	4
	4

	10
	chlorprothixene
	52.89
	52.62
	4.30
	4
	4

	11
	iloperidone
	38.56
	38.56
	0.00
	0
	4

	12
	brexpiprazole
	34.03
	34.56
	2.55
	0
	4

	13
	fluphenazine
	25.88
	25.88
	0.00
	0
	4

	14
	quetiapine
	25.75
	26.67
	2.22
	0
	4

	15
	perphenazine
	24.38
	24.87
	2.34
	0
	4


Note. Robust high-risk set, defined as top-10 in all four traits: asenapine, chlorpromazine, chlorprothixene, clozapine, olanzapine, risperidone, sertindole, thioridazine, ziprasidone, and zotepine.
[bookmark: _o99v4wya5wp]Mechanistic Decomposition and TWAS-Significant Signals
Appendix Table S7
Receptor-contribution decomposition for selected high- and intermediate-risk drugs.
	Drug
	Receptor
	Gene
	Ki, nM
	Weight
	Contribution
	% score
	TWAS z

	clozapine
	H1
	HRH1
	0.23
	1.00
	3.251
	30.1
	-2.661

	clozapine
	5-HT2C
	HTR2C
	1.32
	0.92
	1.539
	14.3
	-0.326

	clozapine
	5-HT2A
	HTR2A
	0.55
	0.55
	1.338
	12.4
	-1.036

	clozapine
	Alpha1A
	ADRA1A
	1.6
	0.48
	0.729
	6.8
	-1.284

	clozapine
	M3
	CHRM3
	7
	0.85
	0.507
	4.7
	1.149

	clozapine
	Alpha1B
	ADRA1B
	3.1
	0.48
	0.501
	4.6
	-3.185

	clozapine
	5-HT7
	HTR7
	0.9
	0.25
	0.498
	4.6
	1.705

	clozapine
	M1
	CHRM1
	1.4
	0.28
	0.455
	4.2
	0.011

	chlorpromazine
	H1
	HRH1
	0.18
	1.00
	3.488
	37.5
	-2.661

	chlorpromazine
	Alpha1A
	ADRA1A
	0.28
	0.48
	1.470
	15.8
	-1.284

	chlorpromazine
	Alpha1B
	ADRA1B
	0.81
	0.48
	1.001
	10.7
	-3.185

	chlorpromazine
	5-HT2A
	HTR2A
	1.4
	0.55
	0.894
	9.6
	-1.036

	chlorpromazine
	5-HT2C
	HTR2C
	6.1
	0.92
	0.608
	6.5
	-0.326

	chlorpromazine
	5-HT6
	HTR6
	3.98
	0.42
	0.374
	4.0
	-0.883

	chlorpromazine
	D3
	DRD3
	0.84
	0.18
	0.370
	4.0
	-0.326

	chlorpromazine
	D2
	DRD2
	0.55
	0.12
	0.292
	3.1
	2.115

	asenapine
	5-HT2C
	HTR2C
	0.24
	0.92
	2.407
	32.1
	-0.326

	asenapine
	5-HT2A
	HTR2A
	0.16
	0.55
	1.648
	22.0
	-1.036

	asenapine
	H1
	HRH1
	0.98
	1.00
	1.413
	18.9
	-2.661

	asenapine
	5-HT6
	HTR6
	0.62
	0.42
	0.746
	10.0
	-0.883

	asenapine
	5-HT7
	HTR7
	0.33
	0.25
	0.581
	7.8
	1.705

	zotepine
	H1
	HRH1
	0.62
	1.00
	2.257
	31.7
	-2.661

	zotepine
	5-HT2A
	HTR2A
	0.5
	0.55
	1.348
	19.0
	-1.036

	zotepine
	5-HT2C
	HTR2C
	2.6
	0.92
	1.023
	14.4
	-0.326

	zotepine
	5-HT6
	HTR6
	1.17
	0.42
	0.719
	10.1
	-0.883

	ziprasidone
	5-HT2A
	HTR2A
	0.08
	0.55
	2.213
	34.2
	-1.036

	ziprasidone
	5-HT2C
	HTR2C
	0.55
	0.92
	2.020
	31.2
	-0.326

	ziprasidone
	H1
	HRH1
	4.6
	1.00
	0.671
	10.4
	-2.661

	ziprasidone
	D3
	DRD3
	1.1
	0.18
	0.290
	4.5
	-0.326

	risperidone
	5-HT2A
	HTR2A
	0.016
	0.55
	2.600
	42.1
	-1.036

	risperidone
	Alpha1A
	ADRA1A
	0.501
	0.48
	0.730
	11.8
	-1.284

	risperidone
	H1
	HRH1
	2.6
	1.00
	0.524
	8.5
	-2.661

	risperidone
	5-HT7
	HTR7
	0.398
	0.25
	0.426
	6.9
	1.705

	olanzapine
	H1
	HRH1
	0.087
	1.00
	3.352
	58.9
	-2.661

	olanzapine
	5-HT2C
	HTR2C
	2.7
	0.92
	0.585
	10.3
	-0.326

	olanzapine
	5-HT2A
	HTR2A
	1.32
	0.55
	0.570
	10.0
	-1.036

	olanzapine
	5-HT6
	HTR6
	2.5
	0.42
	0.283
	5.0
	-0.883

	thioridazine
	5-HT2A
	HTR2A
	0.71
	0.55
	1.211
	20.9
	-1.036

	thioridazine
	H1
	HRH1
	2.45
	1.00
	1.201
	20.7
	-2.661

	thioridazine
	Alpha1A
	ADRA1A
	1.3
	0.48
	0.809
	14.0
	-1.284

	thioridazine
	Alpha1B
	ADRA1B
	2.4
	0.48
	0.584
	10.1
	-3.185

	quetiapine
	H1
	HRH1
	2.2
	1.00
	1.315
	62.8
	-2.661

	quetiapine
	Alpha1
	ADRA1A
	14.8
	0.48
	0.163
	7.8
	-1.284

	quetiapine
	Alpha1A
	ADRA1A
	22
	0.48
	0.116
	5.5
	-1.284

	quetiapine
	5-HT2A
	HTR2A
	31
	0.55
	0.097
	4.6
	-1.036


Note. Contribution = log1p(affinity_dose_score) multiplied by metabolic receptor weight. Values shown are the top reported receptor drivers from the downstream summary.
Appendix Table S8
Metabolic-weighted genes lacking native TWAS in all traits and drugs most affected.
	Drug
	Missing genes, n
	Maximum missing weight
	Maximum affinity on missing gene
	Missing genes

	perphenazine
	3
	0.92
	26.4
	DRD3, HTR1A, HTR2C

	fluphenazine
	3
	0.92
	21.8
	DRD3, HTR1A, HTR2C

	cariprazine
	3
	0.92
	16.3
	DRD3, HTR1A, HTR2C

	brexpiprazole
	3
	0.92
	15.4
	DRD3, HTR1A, HTR2C

	asenapine
	3
	0.92
	12.7
	DRD3, HTR1A, HTR2C

	bromperidol
	3
	0.92
	12.0
	DRD3, HTR1A, HTR2C

	haloperidol
	3
	0.92
	11.0
	DRD3, HTR1A, HTR2C

	sulpiride
	3
	0.92
	9.42
	DRD3, HTR1A, HTR2C


Note. Metabolic-weighted genes lacking native TWAS in all traits were DRD3, HTR1A, and HTR2C. Rows received the conservative mean-|z| TWAS boost rather than a measured TWAS signal.
Appendix Table S9
Top TWAS-significant scored hits across traits.
	Trait
	Drug
	Gene
	Ki, nM
	Score
	TWAS z
	TWAS p

	zhou_obesity
	benperidol
	DRD2
	0.027
	33.94
	2.474
	0.0133

	zhou_CKD
	benperidol
	DRD2
	0.027
	33.94
	2.115
	0.0344

	zhou_CKD
	sulpiride
	DRD2
	0.21
	31.84
	2.115
	0.0344

	zhou_obesity
	sulpiride
	DRD2
	0.21
	31.84
	2.474
	0.0133

	zhou_CKD
	chlorpromazine
	HRH1
	0.18
	31.71
	-2.661
	0.00779

	zhou_CKD
	olanzapine
	HRH1
	0.087
	27.56
	-2.661
	0.00779

	zhou_CKD
	pimozide
	DRD2
	0.06
	26.82
	2.115
	0.0344

	zhou_obesity
	pimozide
	DRD2
	0.06
	26.82
	2.474
	0.0133

	zhou_CKD
	clozapine
	HRH1
	0.23
	24.81
	-2.661
	0.00779

	zhou_CKD
	prochlorperazine
	DRD2
	0.2
	23.08
	2.115
	0.0344

	zhou_obesity
	prochlorperazine
	DRD2
	0.2
	23.08
	2.474
	0.0133

	zhou_CKD
	perphenazine
	DRD2
	0.16
	21.46
	2.115
	0.0344

	zhou_obesity
	perphenazine
	DRD2
	0.16
	21.46
	2.474
	0.0133

	zhou_CKD
	thioproperazine
	DRD2
	0.21
	20.62
	2.115
	0.0344

	zhou_obesity
	thioproperazine
	DRD2
	0.21
	20.62
	2.474
	0.0133


Appendix Table S10
Recurrent TWAS-significant drug–gene pairs detected in at least two traits.
	Drug
	Gene
	Traits, n
	Best score
	Traits

	chlorpromazine
	ADRA1A
	3
	20.38
	zhou_ESSHP, zhou_T2D, zhou_obesity

	thioridazine
	ADRA1A
	3
	4.39
	zhou_ESSHP, zhou_T2D, zhou_obesity

	risperidone
	ADRA1A
	3
	3.575
	zhou_ESSHP, zhou_T2D, zhou_obesity

	clozapine
	ADRA1A
	3
	3.567
	zhou_ESSHP, zhou_T2D, zhou_obesity

	iloperidone
	ADRA1A
	3
	2.103
	zhou_ESSHP, zhou_T2D, zhou_obesity

	sertindole
	ADRA1A
	3
	1.574
	zhou_ESSHP, zhou_T2D, zhou_obesity

	zotepine
	ADRA1A
	3
	0.7576
	zhou_ESSHP, zhou_T2D, zhou_obesity

	haloperidol
	ADRA1A
	3
	0.4698
	zhou_ESSHP, zhou_T2D, zhou_obesity

	quetiapine
	ADRA1A
	3
	0.4052
	zhou_ESSHP, zhou_T2D, zhou_obesity

	fluphenazine
	ADRA1A
	3
	0.3747
	zhou_ESSHP, zhou_T2D, zhou_obesity

	perphenazine
	ADRA1A
	3
	0.3434
	zhou_ESSHP, zhou_T2D, zhou_obesity

	ziprasidone
	ADRA1A
	3
	0.3334
	zhou_ESSHP, zhou_T2D, zhou_obesity

	asenapine
	ADRA1A
	3
	0.203
	zhou_ESSHP, zhou_T2D, zhou_obesity

	trifluoperazine
	ADRA1A
	3
	0.1269
	zhou_ESSHP, zhou_T2D, zhou_obesity

	aripiprazole
	ADRA1A
	3
	0.1109
	zhou_ESSHP, zhou_T2D, zhou_obesity


Appendix Table S11
Exploratory receptor-profile clusters.
	Cluster
	Drugs, n
	Drugs

	1
	39
	acepromazine, acetophenazine, amisulpride, benperidol, bromperidol, flupentixol, clotiapine, cariprazine, fluphenazine, droperidol, loxapine, lurasidone, levosulpiride, levomepromazine, haloperidol, fluspirilene, periciazine, moperone, penfluridol, paliperidone, perphenazine, molindone, melperone, tiapride, sertindole, remoxipride, quetiapine, promazine, prochlorperazine, pipotiazine, pipamperone, pimozide, trifluoperazine, sulpiride, sultopride, thioproperazine, triflupromazine, tiotixene, trifluperidol

	2
	8
	zotepine, asenapine, thioridazine, olanzapine, mesoridazine, chlorprothixene, clozapine, chlorpromazine

	3
	4
	brexpiprazole, iloperidone, aripiprazole, risperidone

	4
	1
	ziprasidone


Note. Clustering was exploratory and based on receptor-profile affinity patterns.
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Appendix Table S12
Robust low-risk antipsychotics ranked by mean metabolic-risk score.
	Rank
	Drug
	CKD risk
	ESSHP risk
	T2D risk
	Obesity risk
	Mean risk
	Median risk
	SD
	Traits

	1
	levosulpiride
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.00
	4

	2
	remoxipride
	0.49
	0.45
	0.46
	0.51
	0.48
	0.48
	0.03
	4

	3
	penfluridol
	0.47
	0.49
	0.50
	0.55
	0.50
	0.49
	0.04
	4

	4
	tiapride
	0.52
	0.51
	0.50
	0.62
	0.54
	0.52
	0.05
	4

	5
	flupentixol
	0.56
	0.58
	0.57
	0.66
	0.59
	0.58
	0.05
	4

	6
	triflupromazine
	1.07
	1.12
	1.10
	1.27
	1.14
	1.11
	0.09
	4

	7
	molindone
	1.73
	1.88
	1.81
	2.11
	1.88
	1.84
	0.17
	4

	8
	acetophenazine
	1.79
	1.87
	2.21
	1.97
	1.96
	1.92
	0.18
	4

	9
	sultopride
	3.01
	2.96
	2.90
	3.57
	3.11
	2.98
	0.31
	4

	10
	melperone
	3.50
	2.94
	3.04
	3.34
	3.21
	3.19
	0.26
	4

	11
	trifluperidol
	4.00
	4.18
	4.30
	4.75
	4.31
	4.24
	0.32
	4

	12
	droperidol
	4.15
	4.30
	4.24
	4.88
	4.39
	4.27
	0.33
	4

	13
	fluspirilene
	4.04
	4.93
	4.97
	4.55
	4.62
	4.74
	0.43
	4

	14
	periciazine
	4.40
	5.37
	5.56
	4.86
	5.05
	5.12
	0.53
	4

	15
	thioproperazine
	4.99
	4.91
	4.81
	5.92
	5.16
	4.95
	0.52
	4

	16
	clotiapine
	4.87
	5.55
	5.99
	5.34
	5.44
	5.45
	0.47
	4

	17
	pipotiazine
	5.47
	5.38
	5.27
	6.49
	5.65
	5.42
	0.57
	4

	18
	bromperidol
	6.57
	5.52
	5.70
	6.28
	6.02
	5.99
	0.49
	4

	19
	paliperidone
	5.42
	6.18
	6.67
	7.08
	6.34
	6.43
	0.71
	4

	20
	amisulpride
	6.55
	7.10
	7.15
	6.55
	6.84
	6.82
	0.33
	4

	21
	tiotixene
	7.51
	6.83
	7.05
	7.76
	7.29
	7.28
	0.42
	4

	22
	sulpiride
	7.53
	6.85
	7.04
	7.78
	7.30
	7.29
	0.43
	4

	23
	moperone
	7.24
	7.57
	7.46
	8.59
	7.72
	7.51
	0.60
	4

	24
	benperidol
	7.72
	8.07
	7.96
	9.16
	8.23
	8.01
	0.64
	4

	25
	trifluoperazine
	7.86
	8.57
	9.61
	9.61
	8.91
	9.09
	0.85
	4

	26
	cariprazine
	10.06
	10.89
	10.97
	10.06
	10.50
	10.48
	0.51
	4

	27
	pipamperone
	9.92
	12.13
	12.54
	11.72
	11.58
	11.92
	1.15
	4

	28
	acepromazine
	11.98
	10.91
	13.42
	12.39
	12.18
	12.19
	1.04
	4

	29
	lurasidone
	11.33
	11.28
	12.18
	14.68
	12.37
	11.75
	1.59
	4

	30
	pimozide
	12.61
	13.75
	13.21
	15.42
	13.75
	13.48
	1.21
	4

	31
	promazine
	13.62
	12.40
	15.27
	14.09
	13.85
	13.86
	1.18
	4

	32
	prochlorperazine
	13.93
	12.68
	15.61
	14.41
	14.16
	14.17
	1.21
	4

	33
	aripiprazole
	15.87
	17.20
	17.32
	15.87
	16.57
	16.54
	0.80
	4

	34
	loxapine
	17.99
	17.99
	17.99
	17.99
	17.99
	17.99
	0.00
	4

	35
	haloperidol
	16.45
	19.20
	19.85
	19.89
	18.85
	19.52
	1.63
	4

	36
	levomepromazine
	21.28
	18.25
	18.91
	22.01
	20.11
	20.09
	1.81
	4

	37
	mesoridazine
	23.38
	19.65
	20.27
	22.32
	21.40
	21.30
	1.74
	4

	38
	perphenazine
	21.50
	23.45
	26.28
	26.28
	24.38
	24.87
	2.34
	4

	39
	quetiapine
	22.48
	26.22
	27.12
	27.17
	25.75
	26.67
	2.22
	4

	40
	fluphenazine
	25.88
	25.88
	25.88
	25.88
	25.88
	25.88
	0.00
	4

	41
	brexpiprazole
	30.81
	35.94
	36.20
	33.17
	34.03
	34.56
	2.55
	4

	42
	iloperidone
	38.56
	38.56
	38.56
	38.56
	38.56
	38.56
	0.00
	4


Note. Low risk was defined as mean risk <40 and zero top-10 appearances across the four trait contexts.
Appendix Table S13
Core metabolic receptor burden in high-risk versus low-risk drugs.
	Gene
	Group
	Mean
	Median
	Maximum
	n

	ADRA1A
	High-risk
	0.7122
	0.5780
	1.4700
	3

	ADRA1A
	Low-risk
	0.09895
	0.05048
	0.5436
	13

	ADRA1B
	High-risk
	0.5234
	0.5012
	1.0010
	3

	ADRA1B
	Low-risk
	0.1562
	0.03763
	1.0630
	9

	CHRM3
	High-risk
	0.2015
	0.09741
	0.5068
	3

	CHRM3
	Low-risk
	0.005507
	0.0007013
	0.04913
	15

	HRH1
	High-risk
	2.717
	3.251
	3.488
	3

	HRH1
	Low-risk
	0.4732
	0.1433
	2.383
	25

	HTR2A
	High-risk
	1.293
	1.338
	1.648
	3

	HTR2A
	Low-risk
	0.3006
	0.1678
	1.828
	33

	HTR2C
	High-risk
	1.518
	1.539
	2.407
	3

	HTR2C
	Low-risk
	0.03651
	0.008923
	0.2024
	25


Note. High-risk versus low-risk mean burden fold-differences were HRH1 5.7×, HTR2C 41.6×, CHRM3 36.6×, HTR2A 4.3×, ADRA1A 7.2×, and ADRA1B 3.4×.
Appendix Table S14
Sweet-spot drugs: low metabolic risk with strong DRD2 binding.
	Drug
	Mean risk
	DRD2 Ki, nM
	Drug
	Mean risk
	DRD2 Ki, nM

	benperidol
	8.23
	0.027
	pimozide
	13.75
	0.06

	haloperidol
	18.85
	0.12
	perphenazine
	24.38
	0.16

	trifluoperazine
	8.91
	0.19
	prochlorperazine
	14.16
	0.20

	fluphenazine
	25.88
	0.20
	pipotiazine
	5.65
	0.20

	trifluperidol
	4.31
	0.20
	fluspirilene
	4.62
	0.20

	thioproperazine
	5.16
	0.21
	sulpiride
	7.30
	0.21

	droperidol
	4.39
	0.25
	brexpiprazole
	34.03
	0.30

	aripiprazole
	16.57
	0.34
	iloperidone
	38.56
	0.35

	tiotixene
	7.29
	0.417
	cariprazine
	10.50
	0.49

	moperone
	7.72
	0.70
	bromperidol
	6.02
	0.851

	amisulpride
	6.84
	1.30
	sultopride
	3.11
	1.60

	lurasidone
	12.37
	1.68
	triflupromazine
	1.14
	2.10

	flupentixol
	0.59
	2.34
	melperone
	3.21
	3.60

	molindone
	1.88
	3.80
	mesoridazine
	21.40
	4.30

	loxapine
	17.99
	5.20
	penfluridol
	0.50
	5.60

	levomepromazine
	20.11
	15.00
	remoxipride
	0.48
	16.00

	quetiapine
	25.75
	16.00
	pipamperone
	11.58
	31.00

	tiapride
	0.54
	31.00
	
	
	


Note. Sweet spot was defined as low risk plus DRD2 Ki <50 nM. This is a metabolic-priority pharmacologic screen, not an overall safety ranking.
Appendix Table S15
Clinical translation table for robust low-risk drugs.
	Drug
	Mean risk
	DRD2 Ki, nM
	Dominant gene
	TWAS hits

	levosulpiride
	0.02
	275
	DRD2
	0

	remoxipride
	0.48
	16
	DRD2
	1

	penfluridol
	0.50
	5.6
	DRD2
	0

	tiapride
	0.54
	31
	DRD4
	0

	flupentixol
	0.59
	2.34
	DRD2
	0

	triflupromazine
	1.14
	2.1
	DRD2
	0

	molindone
	1.88
	3.8
	DRD2
	4

	acetophenazine
	1.96
	NA
	HTR7
	0

	sultopride
	3.11
	1.6
	DRD2
	0

	melperone
	3.21
	3.6
	DRD3
	1

	trifluperidol
	4.31
	0.2
	DRD2
	0

	droperidol
	4.39
	0.25
	HTR2A
	0

	fluspirilene
	4.62
	0.2
	DRD2
	1

	periciazine
	5.05
	NA
	HTR2A
	0

	thioproperazine
	5.16
	0.21
	DRD2
	0

	clotiapine
	5.44
	NA
	HTR2A
	0

	pipotiazine
	5.65
	0.2
	DRD3
	0

	bromperidol
	6.02
	0.851
	DRD3
	1

	paliperidone
	6.34
	NA
	HTR2A
	0

	amisulpride
	6.84
	1.3
	DRD3
	5

	tiotixene
	7.29
	0.417
	HRH1
	1

	sulpiride
	7.30
	0.21
	DRD3
	1

	moperone
	7.72
	0.7
	DRD3
	0

	benperidol
	8.23
	0.027
	DRD2
	0

	trifluoperazine
	8.91
	0.19
	DRD2
	4

	cariprazine
	10.50
	0.49
	DRD3
	5

	pipamperone
	11.58
	31
	HTR2A
	1

	acepromazine
	12.18
	71.5
	HRH1
	1

	lurasidone
	12.37
	1.68
	HTR2A
	0

	pimozide
	13.75
	0.06
	DRD2
	4

	promazine
	13.85
	71.5
	HRH1
	1

	prochlorperazine
	14.16
	0.2
	HRH1
	1

	aripiprazole
	16.57
	0.34
	HTR2A
	5

	loxapine
	17.99
	5.2
	HRH1
	5

	haloperidol
	18.85
	0.12
	DRD3
	8

	levomepromazine
	20.11
	15
	HRH1
	1

	mesoridazine
	21.40
	4.3
	HRH1
	1

	perphenazine
	24.38
	0.16
	HRH1
	4

	quetiapine
	25.75
	16
	HRH1
	8

	fluphenazine
	25.88
	0.2
	HRH1
	5

	brexpiprazole
	34.03
	0.3
	ADRA1B
	5

	iloperidone
	38.56
	0.35
	HTR2A
	5


Appendix Table S16
Residual genuine TWAS-significant metabolic-gene signals among low-risk drugs.
	Trait
	Drug
	Gene
	Ki, nM
	Score
	TWAS z
	TWAS p

	zhou_CKD
	amisulpride
	ADRA1B
	10000
	0.0005994
	-3.185
	0.00145

	zhou_CKD
	aripiprazole
	ADRA1B
	34
	0.08155
	-3.185
	0.00145

	zhou_CKD
	brexpiprazole
	ADRA1B
	0.17
	8.155
	-3.185
	0.00145

	zhou_CKD
	cariprazine
	ADRA1B
	969
	0.001431
	-3.185
	0.00145

	zhou_CKD
	fluphenazine
	ADRA1B
	13
	0.1845
	-3.185
	0.00145

	zhou_CKD
	haloperidol
	ADRA1B
	7.2
	0.3052
	-3.185
	0.00145

	zhou_CKD
	iloperidone
	ADRA1B
	224
	0.01314
	-3.185
	0.00145

	zhou_CKD
	loxapine
	ADRA1B
	53
	0.04363
	-3.185
	0.00145

	zhou_CKD
	quetiapine
	ADRA1B
	39
	0.1537
	-3.185
	0.00145

	zhou_CKD
	acepromazine
	HRH1
	2
	2.308
	-2.661
	0.00779

	zhou_CKD
	amisulpride
	HRH1
	10000
	0.0005994
	-2.661
	0.00779

	zhou_CKD
	aripiprazole
	HRH1
	18
	0.154
	-2.661
	0.00779

	zhou_CKD
	brexpiprazole
	HRH1
	6.8
	0.2039
	-2.661
	0.00779

	zhou_CKD
	bromperidol
	HRH1
	977
	0.002454
	-2.661
	0.00779

	zhou_CKD
	cariprazine
	HRH1
	10
	0.1386
	-2.661
	0.00779

	zhou_CKD
	fluphenazine
	HRH1
	2.24
	1.071
	-2.661
	0.00779

	zhou_CKD
	fluspirilene
	HRH1
	12
	0.04422
	-2.661
	0.00779

	zhou_CKD
	haloperidol
	HRH1
	215
	0.01022
	-2.661
	0.00779

	zhou_CKD
	iloperidone
	HRH1
	12.3
	0.2394
	-2.661
	0.00779

	zhou_CKD
	levomepromazine
	HRH1
	0.58
	9.84
	-2.661
	0.00779


Note. Stage 3 reported 79 total genuine non-imputed TWAS-significant metabolic-gene rows among low-risk drugs. This table displays the rows explicitly listed in the provided Stage 3 summary.
