Supplementary materials
Supplementary Table S1. Dose-response of each biomarker across quartiles of concentration, and adequacy of the linear-in-log form.
	Marker
	Q1
	Q2
	Q3
	Q4
	Trend P
	ΔAIC

	GFAP T1
	5.3 (40.0)
	10.8 (42.6)
	18.6 (53.7)
	32.4 (76.4)
	<0.001
	-0.6

	GFAP T2
	5.9 (36.4)
	13.9 (44.4)
	24.0 (55.6)
	189.7 (76.4)
	<0.001
	+7.0

	GFAP T3
	6.8 (30.9)
	15.7 (48.1)
	29.7 (61.1)
	220.4 (72.7)
	<0.001
	-6.3

	NfL T1
	11.8 (32.7)
	32.7 (51.9)
	60.6 (66.7)
	149.8 (61.8)
	<0.001
	+9.3

	NfL T2
	12.3 (36.4)
	28.7 (44.4)
	52.7 (66.7)
	131.5 (65.5)
	<0.001
	-1.8

	NfL T3
	19.2 (43.6)
	41.2 (46.3)
	86.8 (55.6)
	187.0 (67.3)
	0.008
	+3.4

	IL-6 T1
	0.6 (43.6)
	1.6 (44.4)
	4.5 (63.0)
	12.2 (61.8)
	0.016
	-3.2

	IL-6 T2
	0.6 (42.9)
	1.7 (50.9)
	4.0 (59.3)
	8.8 (60.0)
	0.047
	-3.6

	IL-6 T3
	0.6 (41.8)
	1.7 (42.6)
	4.7 (66.7)
	9.8 (61.8)
	0.006
	+0.1

	UCHL1 T1
	6.2 (61.8)
	24.8 (55.6)
	40.3 (42.6)
	80.3 (52.7)
	0.184
	+1.1

	UCHL1 T2
	5.9 (52.7)
	24.5 (57.4)
	42.8 (44.4)
	76.0 (58.2)
	0.904
	-5.6

	UCHL1 T3
	7.4 (50.9)
	22.8 (51.9)
	40.6 (53.7)
	72.6 (56.4)
	0.545
	-4.1

	IFN-α T1
	2.9 (54.5)
	6.2 (43.6)
	17.1 (47.2)
	94.0 (67.3)
	0.164
	+0.5

	IFN-α T2
	2.7 (52.7)
	7.1 (37.0)
	22.6 (61.1)
	79.0 (61.8)
	0.092
	+2.6

	IFN-α T3
	3.1 (47.3)
	7.2 (40.7)
	26.5 (57.4)
	93.0 (67.3)
	0.012
	-5.6


Note: Cells give the quartile median concentration in pg/mL with the observed percentage meeting PSCI criteria in parentheses. Trend P from logistic regression on the quartile index. ΔAIC = AIC(linear-in-log) − AIC(flexible spline on the raw scale); positive values indicate residual departure from linearity in the log-odds.


Supplementary Table S2. Each biomarker alone as a predictor of poor functional outcome (mRS 3–6), by sampling time.
	Marker
	OR per ln-unit
	95% CI
	P
	q (FDR)
	AUC

	T1 — admission

	IL-6
	1.538
	1.19–1.99
	0.001
	0.004
	0.686

	NfL
	1.070
	0.84–1.36
	0.581
	0.603
	0.581

	IFN-α
	1.112
	0.92–1.34
	0.264
	0.440
	0.543

	GFAP
	1.126
	0.85–1.50
	0.416
	0.535
	0.542

	UCHL1
	1.066
	0.84–1.36
	0.603
	0.603
	0.485

	T2 — 24 hours

	IFN-α
	1.865
	1.45–2.40
	<0.001
	<0.001
	0.737

	GFAP
	1.746
	1.38–2.21
	<0.001
	<0.001
	0.700

	IL-6
	1.495
	1.14–1.96
	0.004
	0.010
	0.697

	NfL
	1.119
	0.85–1.47
	0.423
	0.535
	0.534

	UCHL1
	1.113
	0.85–1.45
	0.428
	0.535
	0.489

	T3 — day 7

	GFAP
	1.814
	1.44–2.28
	<0.001
	<0.001
	0.743

	IFN-α
	1.978
	1.52–2.57
	<0.001
	<0.001
	0.743

	IL-6
	1.235
	1.00–1.53
	0.051
	0.097
	0.641

	NfL
	1.430
	1.05–1.95
	0.023
	0.050
	0.597

	UCHL1
	1.070
	0.84–1.37
	0.592
	0.603
	0.494


Note: Odds ratios per natural-log unit. q, false-discovery rate across all fifteen combinations.


Supplementary Table S3. Sensitivity of the biomarker association to pulmonary infection.
	Model / marker
	As reported
	+ pulmonary infection
	Uninfected only (n=190)

	A. The multivariable models reported in the main text, refitted

	Table 4 — poor functional outcome. Terms: age, admission NIHSS, infarct extent, ln GFAP-T3, ln IFN-α-T3

	   Age
	1.016 (0.986–1.047), P=0.299
	1.013 (0.983–1.043), P=0.413
	1.000 (0.967–1.033), P=0.992

	   Admission NIHSS
	1.097 (1.030–1.168), P=0.004
	1.096 (1.028–1.167), P=0.005
	1.118 (1.037–1.205), P=0.004

	   Infarct extent
	3.065 (1.807–5.197), P<0.001
	3.054 (1.782–5.233), P<0.001
	3.011 (1.672–5.424), P<0.001

	▸ ln GFAP-T3
	1.092 (0.775–1.538), P=0.615
	1.069 (0.755–1.512), P=0.708
	0.952 (0.621–1.461), P=0.824

	▸ ln IFN-α-T3
	1.967 (1.431–2.704), P<0.001
	1.942 (1.411–2.675), P<0.001
	2.141 (1.498–3.058), P<0.001

	   Pulmonary infection
	—
	2.704 (0.895–8.174), P=0.078
	—

	   Model AUC
	0.896
	0.899
	0.898

	   n (events)
	218 (51)
	218 (51)
	190 (36)

	Table 3, Model 3 — PSCI. Terms: age, admission NIHSS, admission HAMD, ln GFAP-T1

	   Age
	1.037 (1.010–1.064), P=0.006
	1.035 (1.009–1.063), P=0.008
	1.040 (1.011–1.070), P=0.006

	   Admission NIHSS
	1.160 (1.077–1.249), P<0.001
	1.154 (1.071–1.243), P<0.001
	1.133 (1.051–1.222), P=0.001

	   Admission HAMD
	1.493 (1.235–1.804), P<0.001
	1.499 (1.238–1.815), P<0.001
	1.597 (1.290–1.977), P<0.001

	▸ ln GFAP-T1
	1.870 (1.273–2.747), P=0.001
	1.854 (1.262–2.724), P=0.002
	1.858 (1.240–2.784), P=0.003

	   Pulmonary infection
	—
	1.552 (0.525–4.593), P=0.427
	—

	   Model AUC
	0.822
	0.824
	0.818

	   n (events)
	218 (116)
	218 (116)
	190 (95)

	Table 3, Model 5 — PSCI. Terms: age, sex, admission NIHSS, education, admission MoCA, ln GFAP-T1

	   Age
	1.048 (1.017–1.079), P=0.002
	1.046 (1.016–1.077), P=0.003
	1.062 (1.026–1.099), P<0.001

	   Female sex
	0.563 (0.249–1.274), P=0.168
	0.537 (0.234–1.230), P=0.141
	0.400 (0.155–1.029), P=0.057

	   Admission NIHSS
	1.175 (1.092–1.264), P<0.001
	1.168 (1.085–1.258), P<0.001
	1.169 (1.079–1.266), P<0.001

	   Education
	1.090 (0.717–1.658), P=0.685
	1.106 (0.726–1.687), P=0.638
	1.242 (0.774–1.994), P=0.369

	   Admission MoCA
	0.606 (0.512–0.718), P<0.001
	0.605 (0.511–0.717), P<0.001
	0.520 (0.419–0.645), P<0.001

	▸ ln GFAP-T1
	2.136 (1.404–3.249), P<0.001
	2.108 (1.388–3.204), P<0.001
	2.008 (1.303–3.095), P=0.002

	   Pulmonary infection
	—
	1.711 (0.492–5.953), P=0.399
	—

	   Model AUC
	0.870
	0.870
	0.887

	   n (events)
	218 (116)
	218 (116)
	190 (95)

	

	B. Each biomarker modelled on its own, one marker per model

	Cognitive outcome (PSCI). One model per row: age + admission NIHSS + admission HAMD + that marker alone

	   GFAP T1
	1.870 (1.273–2.747), P=0.001
	1.854 (1.262–2.724), P=0.002
	1.858 (1.240–2.784), P=0.003

	   NfL T1
	1.422 (1.101–1.837), P=0.007
	1.425 (1.102–1.842), P=0.007
	1.406 (1.075–1.839), P=0.013

	   IL-6 T1
	1.079 (0.901–1.291), P=0.409
	1.048 (0.861–1.275), P=0.642
	1.053 (0.862–1.285), P=0.613

	   UCHL1 T1
	0.865 (0.692–1.082), P=0.204
	0.867 (0.695–1.082), P=0.208
	0.854 (0.675–1.081), P=0.190

	   IFN-α T1
	1.077 (0.897–1.293), P=0.429
	1.074 (0.895–1.289), P=0.441
	1.134 (0.918–1.401), P=0.245

	   GFAP T2
	1.421 (1.063–1.901), P=0.018
	1.422 (1.062–1.905), P=0.018
	1.653 (1.178–2.320), P=0.004

	   NfL T2
	1.349 (1.036–1.756), P=0.026
	1.370 (1.048–1.791), P=0.021
	1.470 (1.079–2.001), P=0.014

	   IL-6 T2
	1.027 (0.845–1.248), P=0.790
	1.008 (0.827–1.229), P=0.935
	1.032 (0.840–1.268), P=0.763

	   UCHL1 T2
	0.919 (0.722–1.171), P=0.496
	0.925 (0.726–1.178), P=0.527
	0.902 (0.698–1.166), P=0.431

	   IFN-α T2
	1.157 (0.934–1.432), P=0.182
	1.148 (0.927–1.422), P=0.205
	1.230 (0.976–1.550), P=0.079

	   GFAP T3
	1.389 (1.061–1.818), P=0.017
	1.379 (1.052–1.808), P=0.020
	1.476 (1.091–1.997), P=0.012

	   NfL T3
	1.173 (0.894–1.541), P=0.250
	1.186 (0.901–1.562), P=0.225
	1.151 (0.858–1.543), P=0.348

	   IL-6 T3
	1.161 (0.959–1.405), P=0.126
	1.157 (0.957–1.401), P=0.133
	1.163 (0.951–1.423), P=0.141

	   UCHL1 T3
	1.000 (0.796–1.256), P=0.998
	1.009 (0.803–1.267), P=0.940
	0.989 (0.777–1.258), P=0.927

	   IFN-α T3
	1.238 (0.989–1.550), P=0.062
	1.228 (0.980–1.538), P=0.074
	1.291 (1.015–1.642), P=0.037

	Functional outcome (mRS 3–6). One model per row: age + admission NIHSS + infarct extent + that marker alone

	   GFAP T1
	0.862 (0.579–1.284), P=0.465
	0.849 (0.564–1.277), P=0.431
	0.858 (0.558–1.319), P=0.485

	   NfL T1
	1.114 (0.831–1.494), P=0.470
	1.101 (0.822–1.476), P=0.517
	1.111 (0.802–1.540), P=0.526

	   IL-6 T1
	1.369 (1.044–1.796), P=0.023
	1.262 (0.941–1.692), P=0.120
	1.244 (0.932–1.662), P=0.138

	   UCHL1 T1
	0.968 (0.718–1.306), P=0.833
	0.968 (0.714–1.313), P=0.834
	0.887 (0.655–1.201), P=0.438

	   IFN-α T1
	0.918 (0.729–1.155), P=0.465
	0.915 (0.730–1.145), P=0.436
	0.835 (0.636–1.096), P=0.194

	   GFAP T2
	1.006 (0.724–1.399), P=0.971
	1.005 (0.721–1.401), P=0.975
	1.073 (0.738–1.560), P=0.712

	   NfL T2
	1.038 (0.762–1.413), P=0.815
	1.067 (0.784–1.452), P=0.679
	1.045 (0.717–1.522), P=0.821

	   IL-6 T2
	1.129 (0.848–1.504), P=0.407
	1.070 (0.802–1.429), P=0.646
	1.033 (0.771–1.383), P=0.830

	   UCHL1 T2
	1.101 (0.779–1.556), P=0.586
	1.138 (0.792–1.634), P=0.485
	1.028 (0.714–1.480), P=0.882

	   IFN-α T2
	1.914 (1.414–2.589), P<0.001
	1.912 (1.409–2.595), P<0.001
	2.073 (1.480–2.903), P<0.001

	   GFAP T3
	1.121 (0.829–1.518), P=0.458
	1.097 (0.808–1.488), P=0.554
	1.062 (0.753–1.497), P=0.732

	   NfL T3
	1.073 (0.763–1.510), P=0.684
	1.090 (0.771–1.540), P=0.627
	1.050 (0.720–1.533), P=0.799

	   IL-6 T3
	1.007 (0.802–1.263), P=0.955
	0.985 (0.782–1.239), P=0.894
	1.032 (0.806–1.321), P=0.802

	   UCHL1 T3
	0.998 (0.720–1.383), P=0.991
	1.027 (0.730–1.444), P=0.879
	0.932 (0.668–1.301), P=0.679

	   IFN-α T3
	1.970 (1.435–2.705), P<0.001
	1.945 (1.414–2.675), P<0.001
	2.131 (1.495–3.037), P<0.001



(Supplementary Table S3) Note: Odds ratios with 95% confidence intervals and P values. The two panels use different models and their estimates are not interchangeable. Panel A refits, unchanged, each multivariable model reported in the main text; the terms of each model are listed in its heading row, so the marker estimates there are mutually adjusted — in the Table 4 model, for example, ln IFN-α-T3 is adjusted for age, admission NIHSS, infarct extent and ln GFAP-T3. Panel B fits one marker at a time, adjusted only for that endpoint's clinical covariates and not for any other marker. Where a value in the two panels looks similar this reflects the weak contribution of the co-modelled marker rather than a shared model. In both panels the second column adds pulmonary infection to the model shown, and the third refits that model in the 190 patients who never developed pulmonary infection. ▸ marks the biomarker terms of interest.



Supplementary Table S4. Exploratory comparison of biomarker discrimination for cognitive and functional outcomes.
	Test
	Cognitive outcome (PSCI)
	Functional outcome (mRS 3–6)
	Inference

	Level 1 — Omnibus: is there any endpoint-dependence across the panel?

	Maximum |ΔAUC|
	0.165
	null 95th pct 0.155
	P=0.026

	Sum of squared ΔAUC
	0.108
	null 95th pct 0.087
	P=0.016

	Level 2 — Exploratory: all 15 marker–time combinations, FDR-corrected

	IFN-α T2
	0.572
	0.737
	ΔAUC −0.165, q=0.023*

	IFN-α T3
	0.600
	0.743
	ΔAUC −0.142, q=0.060

	GFAP T1
	0.683
	0.542
	ΔAUC +0.141, q=0.090

	IL-6 T2
	0.585
	0.697
	ΔAUC −0.112, q=0.146

	NfL T2
	0.638
	0.534
	ΔAUC +0.104, q=0.146

	Remaining 10 combinations
	—
	—
	all q > 0.17


Note: 
Level 1: permutation test of outcome assignment within patients (2000 permutations). 
Level 2: all fifteen marker–time combinations with Benjamini–Hochberg correction across the family of fifteen; entries are AUC for each endpoint. ΔAUC is the difference in discrimination for the same marker between endpoints in the same patients, from paired bootstrap (4000 resamples). *Survives correction.




[image: ]
Supplementary Figure S1. Biomarker distributions and dose-response relationships with post-stroke cognitive impairment. (A) Distribution of plasma GFAP at T2 (24 hours) on the original concentration scale, illustrating marked right skew; the inset shows the distribution after natural-log transformation. (B) Observed proportion of patients with PSCI across quartiles of GFAP and NfL concentration at admission (T1) and 24 hours (T2). GFAP showed a progressive increase in PSCI frequency across quartiles, whereas the association with NfL tended to plateau at higher concentrations. (C) Observed PSCI proportions across sextiles of admission GFAP and NfL concentration plotted against fitted probabilities from logistic regression using natural-log-transformed biomarker concentration. Points represent observed proportions and vertical bars represent Wilson 95% confidence intervals. Solid curves show the fitted logistic models. PSCI was defined as education-adjusted 3-month MoCA <26. GFAP, glial fibrillary acidic protein; NfL, neurofilament light chain; MoCA, Montreal Cognitive Assessment.
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