Supplementary Material
Incremental prognostic value of inflammatory biomarkers for 28-day mortality in patients with sepsis presenting to the emergency department: a retrospective 24-hour landmark cohort study
Supplementary Method S1. Cohort timing and analysis populations
The full cohort comprised 248 patients, with the 28-day outcome measured from arrival at the emergency department; 51 patients died. Review of exact times confirmed that five deaths occurred within 24 hours. The primary landmark cohort therefore included 243 patients alive at 24 hours, of whom 46 died between the landmark and day 28. The common complete-case sample for M0-M2 comprised 215 patients and 44 deaths; 238 patients had complete measurements for all three score components.
Supplementary Method S2. Multiple imputation and internal validation
For pooled coefficients and exploratory nested-model tests, multiple imputation used 50 datasets, 20 iterations, and predictive mean matching. The imputation model included the 28-day outcome, primary model variables, and auxiliary clinical and laboratory variables; log₂ transformations and derived indices were calculated after imputation. Internal validation used ordinary bootstrap optimism correction with multiple imputation nested within resampling. In each of 1000 patient-level bootstrap resamples, an incomplete bootstrap sample was drawn before imputation. The incomplete bootstrap sample and the original incomplete cohort used to evaluate the bootstrap-fitted models were then completed in separate MICE runs with distinct random seeds, using five imputations and 20 iterations in each run. The bootstrap-sample imputation used only the records selected into that bootstrap sample, including their own outcomes. No fitted imputation model, parameter estimate, donor pool, completed value, or other output from the original-cohort MICE run was passed to bootstrap-sample imputation or model fitting. The original cohort, rather than only the out-of-bag observations, was used for evaluation because ordinary optimism correction estimates optimism from the difference between bootstrap-sample and original-cohort performance. Because each bootstrap sample was drawn with replacement from the original cohort, overlap in source individuals was intrinsic to the estimator; separation referred to the MICE runs and direction of information flow, not to disjoint participant membership. The same bootstrap draw and completed datasets were used for M0, M1, and M2. For each resample and model, bootstrap-sample and original-cohort performance were each averaged over the five imputation indices, after which their difference defined the resample-specific optimism. Apparent performance averaged across 50 imputations of the original cohort was corrected by the mean optimism across resamples. Location-shifted percentile intervals were used for AUC, Brier score, and between-model differences. Calibration intercepts, slopes, curves, and pointwise confidence intervals were generated directly from the same bootstrap output. All 1000 primary and 1000 full-cohort resamples were valid.
Supplementary Method S3. Complete exploratory score procedure
Cut-offs were estimated in the 215-patient common complete-case sample, in which all M0 predictors and PCT, NLR, and MLR were observed. The Youden index identified cut-offs of 31.745 ng/mL for PCT, 28.790 for NLR, and 1.603 for MLR. One point was assigned when a marker was at or above its corresponding cut-off and zero otherwise; the three components were summed to form a 0-3-point equal-weight inflammatory score. The fixed cut-offs were applied descriptively to the 238 landmark patients with complete score components, among whom 45 deaths occurred. Sample size, number of deaths, observed mortality, and Wilson 95% CIs were reported by score group. The fixed-cut-off score was also reconstructed across the 50 imputed landmark datasets, and its pooled association after addition to M0 was treated as apparent and descriptive only.
 Two resampling procedures addressed different aspects of score evaluation in the 215 common complete cases. First, 1000 patient-level bootstrap resamples repeated all three cut-off searches, score construction, model fitting, and evaluation to estimate optimism in the complete score-development process; 999 resamples were completed successfully. Second, a parametric bootstrap under the base-model null hypothesis simulated outcomes and repeated all three cut-off searches and score reconstruction in every resample. The 991 valid null resamples yielded a selection-adjusted P value of 0.295.
Supplementary Method S4. Candidate-marker audit
PCT, NLR, MLR, CRP, IL-6, SII, CAR, PAR, PLR, and LAR were log₂-transformed and added individually to the clinical base model. Likelihood-ratio P values were adjusted using the Benjamini-Hochberg procedure, and marker redundancy was described using Spearman correlations. These analyses document the exploratory candidate-marker assessment. The PCT/NLR/MLR panel was not prospectively prespecified and was retained after considering exploratory associations, missingness, and marker redundancy, without a fixed algorithm or prespecified selection threshold.
Supplementary Table S1. Cohort assembly and exact-time review
	Item
	Result

	Candidate records retrieved
	474

	Records excluded
	226

	Final full cohort
	248 (51 deaths)

	Deaths within 24 hours
	5

	24-hour landmark cohort
	243 (46 deaths after the landmark)

	Common complete-case cohort
	215 (44 deaths)

	Population with complete score components
	238 (45 deaths)

	Calendar-day-1 deaths reviewed
	13

	Deaths at or after 24 hours on review
	8 (24.47-59.40 hours)


Supplementary Table S2. Variable missingness in the landmark and full cohorts
	Variable
	Missing in landmark cohort, n
	Missing in landmark cohort, %
	Missing in full cohort, n
	Missing in full cohort, %

	albumin
	5
	2.1
	5
	2.0

	lactate
	24
	9.9
	24
	9.7

	apache
	23
	9.5
	23
	9.3

	pct
	4
	1.6
	4
	1.6

	nlr
	1
	0.4
	1
	0.4

	mlr
	1
	0.4
	1
	0.4

	sofa
	27
	11.1
	27
	10.9

	crp
	0
	0.0
	0
	0.0

	il6
	128
	52.7
	129
	52.0

	wbc
	1
	0.4
	1
	0.4

	creatinine
	4
	1.6
	4
	1.6

	bilirubin
	5
	2.1
	5
	2.0

	platelets
	1
	0.4
	1
	0.4


Supplementary Table S3. Complete pooled M2 equation
	Variable
	Coefficient
	Standard error
	Odds ratio
	95% CI
	P value

	Intercept
	-1.240223
	1.502157
	0.289
	0.015-5.584
	0.410

	Female sex (sex_female)
	-0.830815
	0.395215
	0.436
	0.200-0.949
	0.037

	Albumin (albumin)
	-0.090090
	0.035621
	0.914
	0.852-0.980
	0.012

	Lactate (lactate)
	0.092624
	0.055129
	1.097
	0.984-1.223
	0.094

	APACHE II (apache)
	0.091833
	0.026964
	1.096
	1.039-1.156
	< 0.001

	log₂(PCT)
	-0.058564
	0.072809
	0.943
	0.817-1.089
	0.422

	log₂(NLR)
	0.299744
	0.184910
	1.350
	0.937-1.943
	0.106

	log₂(MLR)
	-0.143550
	0.121796
	0.866
	0.681-1.101
	0.240


The linear predictor equals the intercept plus the sum of each coefficient multiplied by its corresponding predictor. PCT, NLR, and MLR enter the model on the log₂ scale, and the predicted probability is exp(LP)/[1 + exp(LP)]. This equation is provided only to verify the reported calculations and is not a validated clinical calculator.
Supplementary Table S4. Hypothetical example for calculation checking only
	Input/output
	Value

	Sex (female = 1)
	0

	Albumin, g/L
	30.0

	Lactate, mmol/L
	3.0

	APACHE II
	18

	PCT, ng/mL
	20.0

	NLR
	15.0

	MLR
	1.0

	Linear predictor
	-1.094104

	Predicted probability
	0.251


The values in this example are hypothetical and are provided solely to verify the equation calculation.
Supplementary Table S5. Nested-model tests after multiple imputation
	Comparison
	F
	df1
	df2
	P value

	M1 vs M0: add PCT
	0.082
	1.0
	234.7
	0.775

	M2 vs M0: add PCT, NLR, and MLR
	0.927
	3.0
	232.8
	0.428

	M2 vs M1: add NLR and MLR
	1.350
	2.0
	232.6
	0.261


Supplementary Table S6. Tests of nonlinearity for continuous inflammatory biomarkers
	Marker
	Likelihood-ratio chi-square
	Degrees of freedom
	P value for nonlinearity

	PCT
	5.794
	2
	0.055

	NLR
	2.816
	2
	0.245

	MLR
	2.846
	2
	0.241


Supplementary Table S7a. Apparent performance of complete-case models
	Model
	Apparent AUC
	Apparent Brier score

	M0
	0.790
	0.132

	M1
	0.789
	0.131

	M2
	0.793
	0.127


Supplementary Table S7b. Complete-case nested-model tests
	Comparison
	Likelihood-ratio P value

	M1 vs M0
	0.607

	M2 vs M0
	0.281

	M2 vs M1
	0.169


Supplementary Table S8. Absolute mortality by exploratory score group
	Score
	Patients, n
	Deaths, n
	Mortality
	Wilson 95% CI

	0
	99
	13
	13.1%
	7.8%-21.2%

	1
	80
	12
	15.0%
	8.8%-24.4%

	2
	53
	17
	32.1%
	21.1%-45.5%

	3
	6
	3
	50.0%
	18.8%-81.2%


Supplementary Table S9a. Stability of exploratory score cut-offs
	Marker
	Original cut-off
	Bootstrap median
	2.5th percentile
	97.5th percentile

	PCT
	31.745
	32.320
	4.265
	104.240

	NLR
	28.790
	28.315
	5.038
	64.243

	MLR
	1.603
	1.469
	0.307
	3.074


Supplementary Table S9b. Internal validation of the complete exploratory score procedure
	Metric
	Apparent value
	Optimism
	Corrected value
	Valid resamples

	AUC
	0.801
	0.045
	0.756
	999

	Brier score
	0.125
	-0.015
	0.140
	999


Supplementary Table S9c. Fixed-cut-off score association and adjustment for cut-off selection
	Analysis
	Estimate or statistic
	Nominal P value
	Selection-adjusted P value
	Valid resamples

	Fixed-cut-off score added to M0 across 50 imputed landmark datasets (n = 243; 46 deaths), per 1-point increase
	OR = 1.751 (95% CI 1.144-2.680)
	0.010
	-
	-

	Complete-case likelihood-ratio test before selection adjustment (n = 215; 44 deaths)
	LR chi-square = 6.280
	0.012
	-
	-

	Null parametric bootstrap with all three cut-offs reselected in each resample (n = 215; 44 deaths)
	-
	-
	0.295
	991


The pooled odds ratio and nominal P value in the first row were estimated across 50 imputed landmark datasets and do not account for outcome-driven cut-off selection. The likelihood-ratio test and null parametric bootstrap in the second and third rows used the 215 common complete cases. In every null resample, all three cut-off searches were repeated and the score was reconstructed before model comparison.
Supplementary Table S10. Audit of candidate inflammatory biomarkers added individually to the base model
	Marker
	Patients/deaths
	OR per doubling
	95% CI
	Likelihood-ratio P value
	AUC difference
	FDR-adjusted P value

	PCT
	215/44
	0.965
	0.842-1.105
	0.607
	-0.001
	0.765

	NLR
	216/44
	1.211
	0.911-1.611
	0.181
	-0.004
	0.525

	MLR
	216/44
	1.006
	0.819-1.236
	0.956
	-0.000
	0.956

	CRP
	216/44
	0.879
	0.721-1.071
	0.214
	0.009
	0.525

	IL-6
	107/25
	0.895
	0.736-1.090
	0.262
	0.008
	0.525

	SII
	216/44
	1.082
	0.868-1.349
	0.480
	-0.002
	0.765

	CAR
	215/44
	0.879
	0.721-1.071
	0.211
	0.009
	0.525

	PAR
	216/44
	0.921
	0.669-1.267
	0.612
	0.000
	0.765

	PLR
	216/44
	1.263
	0.946-1.686
	0.110
	0.008
	0.525

	LAR
	216/44
	0.886
	0.386-2.030
	0.775
	-0.002
	0.861


Supplementary Table S11. Strongest correlations among candidate inflammatory biomarkers
	Marker 1
	Marker 2
	Pairwise n
	Spearman correlation

	CRP
	CAR
	237
	0.967

	SII
	PLR
	242
	0.767

	NLR
	SII
	242
	0.766

	NLR
	MLR
	242
	0.622

	IL-6
	LAR
	108
	0.570

	MLR
	SII
	242
	0.568

	PCT
	IL-6
	114
	0.538

	NLR
	PLR
	242
	0.537

	SII
	PAR
	238
	0.500

	PAR
	PLR
	238
	0.441

	PCT
	CAR
	233
	0.416

	PCT
	PAR
	234
	-0.396

	PCT
	CRP
	239
	0.387

	PCT
	LAR
	216
	0.360

	MLR
	PLR
	242
	0.333


Supplementary Table S12a. Coefficients from the landmark Cox sensitivity analysis
	Variable
	Hazard ratio
	95% CI
	P value

	Female sex
	0.384
	0.190-0.776
	0.008

	Albumin
	0.936
	0.888-0.987
	0.015

	Lactate
	1.113
	1.024-1.209
	0.012

	APACHE II
	1.078
	1.038-1.120
	< 0.001

	log₂(PCT)
	0.946
	0.836-1.070
	0.379

	log₂(NLR)
	1.436
	1.044-1.974
	0.026

	log₂(MLR)
	0.875
	0.699-1.096
	0.246


Supplementary Table S12b. Proportional-hazards assumption tests
	Variable
	Chi-square
	Degrees of freedom
	P value for PH test

	Female sex
	0.137
	1
	0.712

	Albumin
	3.200
	1
	0.074

	Lactate
	13.085
	1
	< 0.001

	APACHE II
	2.373
	1
	0.123

	log₂(PCT)
	3.981
	1
	0.046

	log₂(NLR)
	0.494
	1
	0.482

	log₂(MLR)
	0.018
	1
	0.893

	Global test
	21.178
	7
	0.004


Supplementary Table S13a. Nested-model tests in the full-cohort first-laboratory sensitivity analysis
	Comparison
	F
	df1
	df2
	P value

	F1 vs F0: add PCT
	0.095
	1.0
	239.7
	0.758

	F2 vs F0: add PCT, NLR, and MLR
	0.115
	3.0
	237.6
	0.951

	F2 vs F1: add NLR and MLR
	0.124
	2.0
	237.2
	0.883


All nested-model tests and F0/F1/F2 comparisons are exploratory.
Supplementary Table S13b. Corrected performance in the full-cohort first-laboratory sensitivity analysis AUC and Brier-score intervals are location-shifted percentile intervals; calibration-intercept and calibration-slope intervals are percentile intervals from the optimism-corrected bootstrap distributions. 
	Model
	Corrected AUC (95% CI)
	Corrected Brier score (95% CI)
	Corrected intercept (95% CI)
	Corrected slope (95% CI)

	F0
	0.752 (0.680-0.837)
	0.141 (0.108-0.166)
	0.003 (-0.337 to 0.368)
	0.918 (0.616-1.341)

	F1
	0.747 (0.680-0.831)
	0.142 (0.109-0.166)
	0.003 (-0.337 to 0.367)
	0.888 (0.605-1.298)

	F2
	0.733 (0.674-0.824)
	0.146 (0.110-0.167)
	0.011 (-0.341 to 0.361)
	0.808 (0.530 -1.181)


All F0/F1/F2 performance comparisons are exploratory.
Supplementary Table S14. Key model-variable dictionary
	Variable
	Definition
	Coding/unit

	status
	Death from emergency-department arrival through day 28
	0 = alive; 1 = dead

	early_death_24h
	Death before the 24-hour landmark
	0 = no; 1 = yes

	sex_female
	Sex recorded in the medical record
	0 = male; 1 = female

	age
	Age at admission
	years

	albumin
	First albumin measurement within 24 hours
	g/L

	lactate
	First lactate measurement within 24 hours
	mmol/L

	apache
	APACHE II calculated from the worst values between arrival and 24 hours
	points

	pct
	First PCT measurement within 24 hours
	ng/mL

	nlr
	Neutrophil count divided by lymphocyte count
	ratio

	mlr
	Monocyte count divided by lymphocyte count
	ratio

	sofa
	Acute organ dysfunction score
	points

	crp
	C-reactive protein
	mg/L

	wbc
	White blood cell count
	10^9/L

	creatinine
	Serum creatinine
	micromol/L

	bilirubin
	Total bilirubin
	micromol/L

	platelets
	Platelet count
	10^9/L


[image: Figure_S1_candidate_marker_audit]
Figure S1. Audit of candidate inflammatory biomarkers added individually to the model. ORs are adjusted odds ratios per doubling of each marker. This analysis was exploratory; false-discovery-rate-adjusted P values are reported in Supplementary Table S10.
[image: Figure_S2_mi_convergence]
Figure S2. Multiple-imputation trace plots. Each line shows the change in the imputed mean of a variable with missing values across 20 iterations in one of the 50 imputation chains.
[image: Supplementary_Figure_S3_bootstrap_corrected_calibration]
[bookmark: _GoBack]Figure S3. Model-based calibration curves after ordinary bootstrap optimism correction. Internal validation resampled the incomplete data before multiple imputation. Within each resample, the incomplete bootstrap sample and the original incomplete cohort used for evaluation were completed in separate MICE runs. Solid lines were constructed from the optimism-corrected calibration intercepts and slopes; shaded bands show pointwise 95% intervals obtained by transforming the corresponding optimism-corrected calibration-intercept and calibration-slope draws from the same 1000-resample output. The dashed line represents ideal calibration. These curves describe internal calibration only and do not replace independent external validation.
[image: Supplementary_Figure_S4_score_mortality_corrected]
Figure S4. Observed 28-day mortality by exploratory inflammatory-score group. Error bars are Wilson 95% CIs; labels show deaths/total and observed mortality. The figure also reports the selection-adjusted parametric-bootstrap result obtained by repeating all three cut-off searches and score construction under the base-model null hypothesis (P = 0.295; 991 valid null resamples).
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S1.

Cohort

timing

and

analysis

populations

The

full

cohort

comprised

248

patients,

with

the

28-day

outcome

measured

from

arrival

at

the

emergency

department;

51

patients

died.

Review

of

exact

times

confirmed

that

five

deaths

occurred

within

24

hours.

The

primary

landmark

cohort

therefore

included

243

patients

alive

at

24

hours,

of

whom

46

died

between

the

landmark

and

day

28.
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common

complete-case
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for
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comprised
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