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Supplementary Table S1. Krzyściak Wirginia, Title: Biomarker-Based Stratification of Olanzapine Response in Schizophrenia. Partial Spearman Correlation Coefficients With Uncorrected and FDR-Adjusted p-Values for All Clinical Outcome–Biomarker Candidate Pairs (N = 51).
	Clinical Outcome
	Biomarker Candidate
	Partial ρ
	p
	q (FDR)
	95% CI
	Effect Size

	PANSS Negative Subscale N1–N7 Sum
	Serum Serotonin
	0.32
	.029*
	.550
	[0.03, 0.55]
	Medium

	BDI-II Total Score
	Glx/(Cr+PCr) ACC
	0.31
	.031*
	.550
	[0.03, 0.55]
	Medium

	Olanzapine > 4.35 μg/L
	Gln/(Cr+PCr) ACC
	-0.30
	.038*
	.550
	[-0.54, -0.02]
	Medium

	PANSS Total Score
	Serum Glutamine
	-0.29
	.045*
	.550
	[-0.53, -0.01]
	Medium

	PANSS Total Score
	Serum Glutamic Acid
	0.28
	.050*
	.550
	[0.00, 0.53]
	Medium

	BDI-II Total Score
	Glu/(Cr+PCr) ACC
	0.28
	.053
	.550
	[-0.00, 0.52]
	Medium

	PANSS Negative Subscale N1–N7 Sum
	Serum Glutamine
	-0.27
	.066
	.550
	[-0.51, 0.02]
	Medium

	PANSS Total Score
	Serum Serotonin
	0.26
	.070
	.550
	[-0.02, 0.51]
	Medium

	PANSS Negative Subscale N1–N7 Sum
	Glu/(Cr+PCr) PCC
	-0.26
	.074
	.550
	[-0.51, 0.03]
	Medium

	PANSS Negative Subscale N1–N7 Sum
	Glu/(Cr+PCr) ACC
	-0.26
	.075
	.550
	[-0.51, 0.03]
	Medium

	Olanzapine > 4.35 μg/L
	Serum Serotonin
	0.26
	.079
	.550
	[-0.03, 0.50]
	Medium

	PANSS Negative Symptoms Score
	Serum Serotonin
	0.25
	.086
	.552
	[-0.04, 0.50]
	Medium

	Olanzapine Concentration
	Serum Serotonin
	0.24
	.102
	.578
	[-0.05, 0.49]
	Small

	PANSS Total Score
	Glu/(Cr+PCr) PCC
	-0.24
	.105
	.578
	[-0.49, 0.05]
	Small

	PANSS Negative Symptoms Score
	Glx/(Cr+PCr) PCC
	-0.22
	.135
	.656
	[-0.47, 0.07]
	Small

	PANSS Negative Subscale N1–N7 Sum
	Glx/(Cr+PCr) PCC
	-0.21
	.141
	.656
	[-0.47, 0.07]
	Small

	CDSS Total Score
	Serum Glutamic Acid
	0.21
	.150
	.656
	[-0.08, 0.47]
	Small

	PANSS Total Score
	Glu/(Cr+PCr) ACC
	-0.20
	.162
	.656
	[-0.46, 0.08]
	Small

	PANSS Negative Symptoms Score
	Glu/(Cr+PCr) PCC
	-0.20
	.168
	.656
	[-0.46, 0.09]
	Small

	PANSS Negative Symptoms Score
	Glu/(Cr+PCr) ACC
	-0.20
	.170
	.656
	[-0.46, 0.09]
	Small

	PANSS Negative Subscale N1–N7 Sum
	Glx/(Cr+PCr) ACC
	-0.19
	.195
	.715
	[-0.45, 0.10]
	Small

	BDI-II Total Score
	Serum Glutamic Acid
	0.18
	.215
	.754
	[-0.11, 0.44]
	Small

	BDI-II Total Score
	Gln/(Cr+PCr) ACC
	0.17
	.248
	.832
	[-0.12, 0.43]
	Small

	PANSS Total Score
	Glx/(Cr+PCr) PCC
	-0.17
	.263
	.845
	[-0.43, 0.13]
	Small

	PANSS Negative Symptoms Score
	Serum Glutamic Acid
	0.15
	.300
	.925
	[-0.14, 0.42]
	Small

	Olanzapine Concentration
	Serum Glutamic Acid
	0.14
	.346
	.958
	[-0.15, 0.41]
	Small

	Olanzapine > 4.35 μg/L
	Glx/(Cr+PCr) ACC
	-0.13
	.365
	.958
	[-0.40, 0.16]
	Small

	PANSS Negative Symptoms Score
	Serum Glutamine
	-0.13
	.392
	.958
	[-0.40, 0.16]
	Small

	BDI-II Total Score
	Gln/(Cr+PCr) PCC
	0.12
	.400
	.958
	[-0.17, 0.39]
	Small

	PANSS Negative Symptoms Score
	mI/(Cr+PCr) PCC
	0.12
	.404
	.958
	[-0.17, 0.39]
	Small

	CDSS Total Score
	Gln/(Cr+PCr) PCC
	0.12
	.414
	.958
	[-0.17, 0.39]
	Small

	PANSS Negative Subscale N1–N7 Sum
	Serum Glutamic Acid
	0.12
	.423
	.958
	[-0.17, 0.39]
	Small

	PANSS Total Score
	mI/(Cr+PCr) PCC
	0.12
	.424
	.958
	[-0.17, 0.39]
	Small

	PANSS Negative Symptoms Score
	mI/(Cr+PCr) ACC
	0.12
	.429
	.958
	[-0.17, 0.39]
	Small

	PANSS Negative Symptoms Score
	Glx/(Cr+PCr) ACC
	-0.11
	.449
	.958
	[-0.38, 0.18]
	Small

	PANSS Total Score
	mI/(Cr+PCr) ACC
	0.11
	.469
	.958
	[-0.18, 0.38]
	Small

	CDSS Total Score
	Serum Serotonin
	0.10
	.491
	.958
	[-0.19, 0.38]
	Small

	PANSS Total Score
	Gln/(Cr+PCr) ACC
	0.10
	.495
	.958
	[-0.19, 0.37]
	Small

	CDSS Total Score
	mI/(Cr+PCr) PCC
	0.10
	.499
	.958
	[-0.19, 0.37]
	Small

	Olanzapine Concentration
	Gln/(Cr+PCr) ACC
	-0.10
	.500
	.958
	[-0.37, 0.19]
	Small

	Olanzapine > 4.35 μg/L
	Glx/(Cr+PCr) PCC
	-0.10
	.510
	.958
	[-0.37, 0.19]
	Negligible

	Olanzapine Concentration
	mI/(Cr+PCr) PCC
	0.08
	.579
	.971
	[-0.21, 0.36]
	Negligible

	CDSS Total Score
	Glx/(Cr+PCr) ACC
	0.08
	.590
	.971
	[-0.21, 0.36]
	Negligible

	Olanzapine Concentration
	Glu/(Cr+PCr) PCC
	0.08
	.594
	.971
	[-0.21, 0.36]
	Negligible

	Olanzapine > 4.35 μg/L
	Gln/(Cr+PCr) PCC
	-0.08
	.596
	.971
	[-0.35, 0.21]
	Negligible

	Olanzapine > 4.35 μg/L
	mI/(Cr+PCr) PCC
	0.07
	.659
	.971
	[-0.22, 0.34]
	Negligible

	BDI-II Total Score
	Serum Serotonin
	0.06
	.667
	.971
	[-0.22, 0.34]
	Negligible

	BDI-II Total Score
	Glu/(Cr+PCr) PCC
	-0.06
	.700
	.971
	[-0.34, 0.23]
	Negligible

	CDSS Total Score
	Glx/(Cr+PCr) PCC
	0.05
	.732
	.971
	[-0.24, 0.33]
	Negligible

	Olanzapine > 4.35 μg/L
	Serum Glutamine
	-0.05
	.733
	.971
	[-0.33, 0.24]
	Negligible

	Olanzapine > 4.35 μg/L
	mI/(Cr+PCr) ACC
	-0.05
	.733
	.971
	[-0.33, 0.24]
	Negligible

	PANSS Total Score
	Glx/(Cr+PCr) ACC
	-0.05
	.745
	.971
	[-0.33, 0.24]
	Negligible

	BDI-II Total Score
	mI/(Cr+PCr) ACC
	-0.04
	.762
	.971
	[-0.32, 0.24]
	Negligible

	CDSS Total Score
	Glu/(Cr+PCr) PCC
	-0.04
	.769
	.971
	[-0.32, 0.24]
	Negligible

	PANSS Negative Subscale N1–N7 Sum
	mI/(Cr+PCr) PCC
	0.04
	.769
	.971
	[-0.24, 0.32]
	Negligible

	PANSS Total Score
	Gln/(Cr+PCr) PCC
	0.04
	.771
	.971
	[-0.24, 0.32]
	Negligible

	Olanzapine Concentration
	Gln/(Cr+PCr) PCC
	-0.04
	.782
	.971
	[-0.32, 0.25]
	Negligible

	CDSS Total Score
	Serum Glutamine
	-0.04
	.784
	.971
	[-0.32, 0.25]
	Negligible

	PANSS Negative Symptoms Score
	Gln/(Cr+PCr) PCC
	-0.04
	.793
	.971
	[-0.32, 0.25]
	Negligible

	BDI-II Total Score
	Serum Glutamine
	0.04
	.796
	.971
	[-0.25, 0.32]
	Negligible

	Olanzapine Concentration
	mI/(Cr+PCr) ACC
	0.03
	.826
	.971
	[-0.25, 0.31]
	Negligible

	PANSS Negative Symptoms Score
	Gln/(Cr+PCr) ACC
	0.03
	.854
	.971
	[-0.26, 0.31]
	Negligible

	Olanzapine Concentration
	Serum Glutamine
	0.03
	.858
	.971
	[-0.26, 0.31]
	Negligible

	Olanzapine Concentration
	Glx/(Cr+PCr) PCC
	-0.03
	.860
	.971
	[-0.31, 0.26]
	Negligible

	CDSS Total Score
	mI/(Cr+PCr) ACC
	0.02
	.870
	.971
	[-0.26, 0.31]
	Negligible

	PANSS Negative Subscale N1–N7 Sum
	Gln/(Cr+PCr) ACC
	-0.02
	.873
	.971
	[-0.31, 0.26]
	Negligible

	Olanzapine > 4.35 μg/L
	Glu/(Cr+PCr) ACC
	0.02
	.878
	.971
	[-0.26, 0.30]
	Negligible

	Olanzapine > 4.35 μg/L
	Glu/(Cr+PCr) PCC
	0.02
	.901
	.971
	[-0.27, 0.30]
	Negligible

	Olanzapine Concentration
	Glu/(Cr+PCr) ACC
	0.02
	.902
	.971
	[-0.27, 0.30]
	Negligible

	PANSS Negative Subscale N1–N7 Sum
	mI/(Cr+PCr) ACC
	0.02
	.905
	.971
	[-0.27, 0.30]
	Negligible

	Olanzapine > 4.35 μg/L
	Serum Glutamic Acid
	0.02
	.905
	.971
	[-0.27, 0.30]
	Negligible

	CDSS Total Score
	Gln/(Cr+PCr) ACC
	0.02
	.908
	.971
	[-0.27, 0.30]
	Negligible

	BDI-II Total Score
	Glx/(Cr+PCr) PCC
	0.01
	.931
	.972
	[-0.27, 0.30]
	Negligible

	PANSS Negative Subscale N1–N7 Sum
	Gln/(Cr+PCr) PCC
	0.01
	.943
	.972
	[-0.27, 0.29]
	Negligible

	BDI-II Total Score
	mI/(Cr+PCr) PCC
	0.01
	.947
	.972
	[-0.28, 0.29]
	Negligible

	CDSS Total Score
	Glu/(Cr+PCr) ACC
	0.01
	.960
	.973
	[-0.28, 0.29]
	Negligible

	Olanzapine Concentration
	Glx/(Cr+PCr) ACC
	-0.00
	.980
	.980
	[-0.29, 0.28]
	Negligible


Note. Partial Spearman rank correlations controlling for age, sex, and duration of olanzapine treatment. FDR = false discovery rate, adjusted using the Benjamini–Hochberg procedure across all 77 tests. 95% CI estimated via Fisher's z-transformation. Effect size categories follow Cohen (1988): small (|ρ| = .10–.23), medium (|ρ| = .24–.36), large (|ρ| ≥ .37). Associations are ranked by ascending uncorrected p-value. ACC = anterior cingulate cortex; PCC = posterior cingulate cortex; Cr = creatine; PCr = phosphocreatine; Gln = glutamine; Glu = glutamate; Glx = glutamate + glutamine; mI = myo-inositol.
* p < .05 (uncorrected). No association reached significance after FDR correction (minimum q = .550).



Supplementary Table S2. Krzyściak Wirginia, Title: Biomarker-Based Stratification of Olanzapine Response in Schizophrenia. Sensitivity Analysis: Partial Spearman Correlations Between Continuous Serum Olanzapine Concentration and Clinical, Peripheral, and Central Neurochemical Variables (N = 51).
	Variable Category
	Variable
	Partial ρ
	p
	95% CI

	Clinical
	BDI-II Total Score
	0.16
	.272
	[-0.13, 0.43]

	
	PANSS Negative Subscale N1–N7 Sum
	-0.12
	.405
	[-0.39, 0.17]

	
	PANSS Negative Symptoms Score
	-0.10
	.508
	[-0.37, 0.19]

	
	CDSS Total Score
	0.09
	.550
	[-0.20, 0.36]

	
	PANSS Total Score
	0.08
	.573
	[-0.21, 0.36]

	Peripheral
	Serum Serotonin
	0.24
	.102
	[-0.05, 0.49]

	
	Serum Glutamic Acid
	0.14
	.346
	[-0.15, 0.41]

	
	Serum Glutamine
	0.03
	.858
	[-0.26, 0.31]

	MRS ACC
	Gln/(Cr+PCr) ACC
	-0.10
	.500
	[-0.37, 0.19]

	
	mI/(Cr+PCr) ACC
	0.03
	.826
	[-0.25, 0.31]

	
	Glu/(Cr+PCr) ACC
	0.02
	.902
	[-0.27, 0.30]

	
	Glx/(Cr+PCr) ACC
	-0.00
	.980
	[-0.29, 0.28]

	MRS PCC
	mI/(Cr+PCr) PCC
	0.08
	.579
	[-0.21, 0.36]

	
	Glu/(Cr+PCr) PCC
	0.08
	.594
	[-0.21, 0.36]

	
	Gln/(Cr+PCr) PCC
	-0.04
	.782
	[-0.32, 0.25]

	
	Glx/(Cr+PCr) PCC
	-0.03
	.860
	[-0.31, 0.26]


Note. Partial Spearman rank correlations controlling for age, sex, and duration of olanzapine treatment. Olanzapine serum concentration was treated as a continuous predictor (median = 4.35, mean = 24.86, SD = 63.04 μg/L, range: 0–365 μg/L, skewness = 4.01). No association reached statistical significance at α = .05 (minimum p = .102). 95% CI estimated via Fisher’s z-transformation, adjusted for three covariates. ACC = anterior cingulate cortex; PCC = posterior cingulate cortex; Cr = creatine; PCr = phosphocreatine; Gln = glutamine; Glu = glutamate; Glx = glutamate + glutamine; mI = myo-inositol.


Supplementary Table S3. Krzyściak Wirginia, Title: Biomarker-Based Stratification of Olanzapine Response in Schizophrenia. Associations between clusters and studied parameters.
	Parameter
	η²
	p

	PANSS negative symptoms score
	0.57
	< 0.001

	PANSS total score
	0.57
	< 0.001

	PANSS negative subscale items N1-N7 sum
	0.53
	< 0.001

	(Glutamate + Glutamine) / (Cr + PCr) ratio (MRS, PCC, TE=30 ms)
	0.50
	< 0.001

	(Glutamate + Glutamine) / (Cr + PCr) ratio (MRS, ACC, TE=30 ms)
	0.41
	< 0.001

	Glutamate / (Cr + PCr) ratio (MRS, ACC, TE=30 ms)
	0.34
	< 0.001

	Glutamine / (Cr + PCr) ratio (MRS, PCC, TE=30 ms)
	0.30
	< 0.001

	Age (years)
	0.29
	< 0.001

	CDSS total score
	0.23
	0.002

	Glutamate / (Cr + PCr) ratio (MRS, PCC, TE=30 ms)
	0.19
	0.007

	Male (proportion)
	0.16
	0.016

	Glutamine / (Cr + PCr) ratio (MRS, ACC, TE=30 ms)
	0.15
	0.018

	Proportion of patients with serum olanzapine concentration > 4.35 μg/L
	0.14
	0.024

	BDI-II total score
	0.12
	0.047


Note: η² indicates the proportion of variance in the variable explained by cluster membership. P-values are from ANOVA F-tests; values < 0.05 are considered significant. Only variables with p < 0.05 are presented.












Supplementary Table S4. Krzyściak Wirginia, Title: Biomarker-Based Stratification of Olanzapine Response in Schizophrenia. Parameter profiles for cluster 1 (n = 11).
	Parameter
	v-test
	Mean in Cluster
	Overall Mean
	SD in Cluster
	Overall SD
	p

	Age (years)
	2.19
	33.18
	27.71
	5.98
	9.27
	0.014

	Male (proportion)
	-2.22
	0.27
	0.57
	0.45
	0.50
	0.013

	BDI-II total score
	-2.39
	10.09
	18.74
	8.32
	13.41
	0.008

	Proportion of patients with serum olanzapine concentration > 4.35 μg/L
	-2.43
	0.18
	0.51
	0.39
	0.50
	0.007

	CDSS total score
	-3.01
	3.55
	8.54
	3.03
	6.14
	0.001

	PANSS Negative Subscale Items N1-N7 Sum
	-4.91
	12.82
	21.43
	3.64
	6.50
	< 0.001

	PANSS total score
	-5.19
	50.91
	79.88
	12.54
	20.69
	< 0.001

	PANSS negative symptoms score
	-5.26
	11.91
	21.22
	4.19
	6.56
	< 0.001


Note: Only variables with p < 0.05 are shown. Positive v-tests indicate cluster means above the overall mean; negative values indicate below.













Supplementary Table S5. Krzyściak Wirginia, Title: Biomarker-Based Stratification of Olanzapine Response in Schizophrenia. Parameter profiles for cluster 2 (n = 22).
	Parameter
	v-test
	Mean in Cluster
	Overall Mean
	SD in Cluster
	Overall SD
	p

	PANSS Negative Subscale Items N1-N7 Sum
	3.64
	25.27
	21.43
	3.78
	6.50
	< 0.001

	PANSS Total Score
	3.45
	91.45
	79.88
	14.78
	20.69
	< 0.001

	PANSS Negative Symptoms Score
	3.30
	24.73
	21.22
	3.21
	6.56
	< 0.001

	CDSS Total Score
	2.76
	11.30
	8.54
	6.50
	6.14
	0.003

	Male (proportion)
	2.54
	0.77
	0.57
	0.42
	0.50
	0.006

	Proportion of patients with serum olanzapine concentration > 4.35 μg/L
	2.12
	0.68
	0.51
	0.47
	0.50
	0.017

	Glutamine / (Cr + PCr) Ratio (MRS, ACC, TE=30 ms)
	-2.07
	0.55
	0.59
	0.11
	0.14
	0.019

	Glutamate / (Glutamate / (Cr + PCr) Ratio (MRS, PCC, TE=30 ms)
	-2.71
	1.49
	1.56
	0.16
	0.15
	0.003

	Glutamine / (Cr + PCr) Ratio (MRS, PCC, TE=30 ms)
	-2.99
	0.57
	0.64
	0.12
	0.14
	0.001

	Glutamate / (Cr + PCr) Ratio (MRS, ACC, TE=30 ms)
	-3.02
	1.53
	1.62
	0.13
	0.20
	0.001

	(Glutamate + Glutamine) / (Cr + PCr) Ratio (MRS, ACC, TE=30 ms)
	-3.33
	2.07
	2.21
	0.17
	0.26
	< 0.001

	(Glutamate + Glutamine) / (Cr + PCr) Ratio (MRS, PCC, TE=30 ms)
	-4.13
	2.07
	2.20
	0.14
	0.19
	< 0.001


Note: Only variables with p < 0.05 are shown. Positive v-tests indicate cluster means above the overall mean; negative values indicate below.







Supplementary Table S6. Krzyściak Wirginia, Title: Biomarker-Based Stratification of Olanzapine Response in Schizophrenia. Parameter profiles for cluster 3 (n = 18).
	Parameter
	v-test
	Mean in Cluster
	Overall Mean
	SD in Cluster
	Overall SD
	p

	(Glutamate + Glutamine) / (Cr + PCr) Ratio (MRS, PCC, TE=30 ms)
	4.80
	2.37
	2.20
	0.16
	0.19
	< 0.001

	(Glutamate + Glutamine) / (Cr + PCr) Ratio (MRS, ACC, TE=30 ms)
	4.49
	2.44
	2.21
	0.24
	0.26
	< 0.001

	Glutamate / (Cr + PCr) Ratio (MRS, ACC, TE=30 ms)
	4.11
	1.78
	1.62
	0.21
	0.20
	< 0.001

	Glutamine / (Cr + PCr) Ratio (MRS, PCC, TE=30 ms)
	3.78
	0.74
	0.64
	0.13
	0.14
	< 0.001

	Glutamate / (Cr + PCr) Ratio (MRS, PCC, TE=30 ms)
	2.86
	1.64
	1.56
	0.11
	0.15
	0.002

	Glutamine / (Cr + PCr) Ratio (MRS, ACC, TE=30 ms)
	2.75
	0.66
	0.59
	0.13
	0.14
	0.003

	Age (years)
	-3.69
	21.17
	27.71
	7.55
	9.27
	< 0.001


Note: Only variables with p < 0.05 are shown. Positive v-tests indicate cluster means above the overall mean; negative values indicate below.













Supplementary Table S7. Krzyściak Wirginia, Title: Biomarker-Based Stratification of Olanzapine Response in Schizophrenia. Plasma Concentrations of Other Antipsychotics and Metabolites Detected by the LC-MS/MS Therapeutic Drug Monitoring Panel in Olanzapine Monotherapy Patients (N = 51).

	Analyte
	n Detected / N
	% Detected
	Median*
	IQR*
	Max

	N-Desmethylolanzapine
	24 / 51
	47.1
	2.0
	1.7 – 5.3
	62.9

	Clozapine
	31 / 51
	60.8
	4.8
	4.8 – 5.1
	4,621.5

	N-Desmethylclozapine
	28 / 51
	54.9
	13.3
	13.3 – 14.0
	1,572.4

	Quetiapine
	39 / 51
	76.5
	4.5
	4.4 – 4.9
	2,109.6

	Norquetiapine
	39 / 51
	76.5
	3.5
	2.7 – 5.8
	2,049.4

	9-Hydroxyrisperidone
	22 / 51
	43.1
	2.0
	1.9 –35.9
	101.3

	Haloperidol
	42 / 51
	82.4
	1.0
	0.9 – 1.2
	48.2

	Aripiprazole
	38 / 51
	74.5
	76.2
	7.5 – 1,146.8
	5,875.4

	Dehydroaripiprazole
	39 / 51
	76.5
	71.8
	37.8 – 492.6
	1,307.6


Note. All concentrations in mcg/L. All participants met the inclusion criterion of olanzapine monotherapy for 6 months or longer, confirmed by prescribing records and clinical interview. Detectable concentrations of other antipsychotics most plausibly reflect residual traces from prior treatment courses, the high analytical sensitivity of the LC-MS/MS methodology (LLOQ for olanzapine = 1.03 mcg/L), or low-level cross-reactivity, rather than concurrent polypharmacy. N-Desmethylolanzapine is the principal metabolite of olanzapine and is expected in all treated patients.
* Median and interquartile range (IQR = Q1 – Q3) computed among patients with detectable (non-zero) concentrations only.

