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Supplementary Appendix S1. TRIPOD+AI Checklist
	Item
	TRIPOD+AI item
	Dev/Val
	Reported on page / section

	1
	Title – Identify study as development/validation of prediction model, including target population and outcome.
	D;V
	Title page – "Nonlinear associations of albumin… ICU patients with severe tuberculosis"

	2
	Abstract – Structured summary with background, objectives, methods, results, conclusions.
	D;V
	Abstract – Structured summary provided.

	3a
	Medical context and rationale for model development.
	D;V
	Introduction – Disease burden and limitations of existing tools.

	3b
	Intended clinical decision-making role of the model.
	D;V
	Introduction (last para) & Discussion – Implications.

	3c
	Study objectives.
	D;V
	Introduction (last para) – Objectives clearly stated.

	4a
	Study design and data source.
	D;V
	Methods – Study design (retrospective single-centre cohort).

	4b
	Dates of data collection and follow-up.
	D;V
	Methods – Study design (January 2020 – December 2023).

	5a
	Inclusion and exclusion criteria.
	D;V
	Methods – Study design.

	5b
	Data collection process.
	D;V
	Methods – Study design (electronic medical records).

	6a
	Outcome definition and assessment.
	D;V
	Methods – Outcome and clinical definitions.

	6b
	Blinding of outcome assessors.
	D;V
	Not applicable (retrospective).

	7a
	Predictor definitions and measurement.
	D;V
	Methods – Predictor collection; Suppl Table S1.

	7b
	Blinding of predictor assessors.
	D;V
	Not applicable (retrospective).

	8
	Sample size determination (EPV rationale).
	D;V
	Methods – Sample size (EPV = 58/6 = 9.7).

	9
	Missing data handling.
	D;V
	Methods – Missing data handling (MICE imputation).

	10a
	Predictor selection method.
	D
	Methods – Feature selection (Boruta + elastic net).

	10b
	Data-driven vs. clinically pre-specified selection.
	D
	Methods – Feature selection (albumin & sputum smear forced).

	11a
	Model-building procedure (algorithm, tuning).
	D
	Methods – Model development; Suppl Table S4.

	11b
	Class imbalance handling.
	D
	Methods – Model development (class weighting).

	11c
	Model development details (iterations, convergence).
	D
	Methods – Model development; Suppl Table S4.

	12
	Performance evaluation metrics.
	D;V
	Methods – Model performance assessment.

	13
	Model interpretability methods.
	D;V
	Methods – SHAP-based model interpretation.

	14
	Subgroup analysis (if planned).
	D;V
	Not applicable – no subgroup analysis.

	15a
	Number of participants included.
	D;V
	Results – Patient characteristics (N = 245).

	15b
	Baseline characteristics (overall and by outcome).
	D;V
	Table 1.

	16a
	Full prediction model (coefficients, intercept).
	D
	Table 2; Suppl Table S11.

	16b
	Final algorithm and hyperparameters.
	D
	Suppl Table S4.

	16c
	Model performance estimates from development.
	D
	Results – Comparative model performance (Table 3).

	17
	Model performance (discrimination, calibration, utility).
	D;V
	Results – Internal validation; DCA; Calibration (Figure 4).

	18a
	Model interpretation results (SHAP values).
	D;V
	Results – SHAP-based model interpretation.

	18b
	Predictor importance ranking.
	D;V
	Figure 6A.

	18c
	Direction and magnitude of predictor effects.
	D;V
	Figure 5B–D.

	19
	Study limitations.
	D;V
	Discussion – Limitations.

	20
	Interpretation in context of prior evidence.
	D;V
	Discussion – paras 2–5.

	21
	Potential clinical use and implementation.
	D;V
	Discussion – Implications for clinical practice.

	22
	TRIPOD+AI checklist as supplementary material.
	D;V
	This document (Supplementary Appendix S1).

	23
	Funding sources and role of funders.
	D;V
	Declarations – Funding.

	24
	Ethical approval and informed consent.
	D;V
	Declarations – Ethics approval and consent to participate.

	25
	Competing interests.
	D;V
	Declarations – Competing interests.

	26
	Data availability statement.
	D;V
	Declarations – Availability of data and materials.

	27
	Authors' contributions.
	D;V
	Declarations – Authors' contributions.


Note: This checklist follows the TRIPOD+AI statement (Collins et al., BMJ 2024). Items marked D refer to model development, D;V refer to both development and validation. All information has been extracted from the manuscript and supplementary files. 

Supplementary Table S2. Candidate predictors: definitions and measurement
Variables extracted within the first 24 h of ICU admission
	Variable
	Definition
	Type
	Measurement / Units

	Demographics

	sex
	Gender
	Binary
	1 = male, 2 = female

	age
	Age at ICU admission
	Continuous
	Years

	smoking
	Smoking history
	Binary
	1 = current/former, 2 = non-smoker

	Clinical symptoms (at admission)

	systemic_toxic_symptoms
	Fever, night sweats, weight loss, etc.
	Binary
	1 = present, 2 = absent

	respiratory_symptoms
	Cough, sputum, haemoptysis, chest pain, dyspnoea
	Binary
	1 = present, 2 = absent

	digestive_symptoms
	Nausea, vomiting, abdominal pain, diarrhoea
	Binary
	1 = present, 2 = absent

	neurological_symptoms
	Headache, confusion, focal deficits, meningism
	Binary
	1 = present, 2 = absent

	Comorbidities

	hypertension
	History of essential hypertension
	Binary
	1 = yes, 2 = no

	diabetes
	History of diabetes mellitus
	Binary
	1 = yes, 2 = no

	coronary_heart_disease
	History of coronary heart disease
	Binary
	1 = yes, 2 = no

	cerebrovascular_disease
	History of stroke or TIA
	Binary
	1 = yes, 2 = no

	chronic_airway_disease
	COPD, asthma, bronchiectasis
	Binary
	1 = yes, 2 = no

	chronic_kidney_disease
	Chronic kidney disease (any stage)
	Binary
	1 = yes, 2 = no

	chronic_liver_disease
	Cirrhosis, chronic hepatitis
	Binary
	1 = yes, 2 = no

	malignancy
	History of malignancy
	Binary
	1 = yes, 2 = no

	autoimmune_disease
	SLE, rheumatoid arthritis, etc.
	Binary
	1 = yes, 2 = no

	hematologic_disease
	Haematologic disorder
	Binary
	1 = yes, 2 = no

	Tuberculosis-related characteristics

	pulmonary_tb
	Pulmonary tuberculosis
	Binary
	1 = pulmonary TB, 2 = not pulmonary TB

	pulmonary_tb_confirmed
	Microbiologically or histopathologically confirmed
	Binary
	1 = confirmed, 2 = not confirmed

	cavitation
	Cavitary disease on chest imaging
	Binary
	1 = present, 2 = absent

	hematogenous_dissemination
	Haematogenous dissemination (miliary TB)
	Binary
	1 = present, 2 = absent

	destroyed_lung
	Destroyed lung on imaging
	Binary
	1 = present, 2 = absent

	extrapulmonary_tb
	Extrapulmonary tuberculosis
	Binary
	1 = present, 2 = absent

	drug_resistant_tb
	Resistance to any first-line drug
	Binary
	1 = resistant, 2 = susceptible

	treatment_history
	Anti-TB treatment history
	Binary
	1 = previously treated, 2 = treatment-naïve

	sputum_smear
	Sputum acid-fast bacilli smear
	Binary
	1 = positive, 2 = negative

	ICU complications

	severe_pneumonia
	Severe pneumonia
	Binary
	1 = present, 2 = absent

	sepsis
	Sepsis (Sepsis-3 criteria)
	Binary
	1 = present, 2 = absent

	mods
	Multiple organ dysfunction syndrome
	Binary
	1 = present, 2 = absent

	Laboratory parameters (first 24 h)

	wbc
	White blood cell count
	Continuous
	× 10⁹/L

	hemoglobin
	Haemoglobin
	Continuous
	g/L

	platelet
	Platelet count
	Continuous
	× 10⁹/L

	neutrophil
	Neutrophil count
	Continuous
	× 10⁹/L

	eosinophil
	Eosinophil count
	Continuous
	× 10⁹/L

	lymphocyte_calc
	Lymphocyte count (calculated)
	Continuous
	× 10⁹/L

	albumin
	Serum albumin
	Continuous
	g/L

	ALT
	Alanine aminotransferase
	Continuous
	U/L

	AST
	Aspartate aminotransferase
	Continuous
	U/L

	total_bilirubin
	Total bilirubin
	Continuous
	μmol/L

	direct_bilirubin
	Direct bilirubin
	Continuous
	μmol/L

	creatinine
	Serum creatinine
	Continuous
	μmol/L

	APTT
	Activated partial thromboplastin time
	Continuous
	seconds

	PT
	Prothrombin time
	Continuous
	seconds

	TT
	Thrombin time
	Continuous
	seconds

	fibrinogen
	Fibrinogen
	Continuous
	g/L

	LDH
	Lactate dehydrogenase
	Continuous
	U/L

	CK
	Creatine kinase
	Continuous
	U/L

	CKMB
	Creatine kinase-MB
	Continuous
	U/L

	myoglobin
	Myoglobin
	Continuous
	ng/mL

	d_dimer
	D-dimer
	Continuous
	μg/mL

	PCT
	Procalcitonin
	Continuous
	ng/mL

	CRP
	C-reactive protein
	Continuous
	mg/L

	oxygenation_index
	Oxygenation index (PaO₂/FiO₂)
	Continuous
	mmHg

	Derived inflammatory indices

	NLR
	Neutrophil-to-lymphocyte ratio
	Continuous
	Ratio

	PLR
	Platelet-to-lymphocyte ratio
	Continuous
	Ratio

	SII
	Systemic immune-inflammation index (neutrophils × platelets / lymphocytes)
	Continuous
	× 10⁹/L

	Outcome

	icu_poor_outcome
	Unfavourable ICU outcome (death or discharge without recovery)
	Binary
	1 = poor, 2 = good


Candidate predictors were pre‑specified based on clinical relevance and previous literature. All laboratory parameters were measured within the first 24 h of ICU admission.

Supplementary Table S3. Missing data patterns and handling
	Variable
	Missing (n)
	Missing (%)
	Handling

	alcohol
	59
	24.08%
	Excluded (>20% threshold)

	CRP
	12
	4.90%
	MICE imputation (5 datasets, 20 iterations)

	myoglobin
	11
	4.49%
	

	CK
	10
	4.08%
	

	CKMB
	10
	4.08%
	

	d_dimer
	10
	4.08%
	

	LDH
	9
	3.67%
	

	PT
	4
	1.63%
	

	TT
	4
	1.63%
	

	fibrinogen
	4
	1.63%
	

	APTT
	3
	1.22%
	

	oxygenation_index
	3
	1.22%
	

	smoking
	1
	0.41%
	

	PCT
	1
	0.41%
	

	All other variables (sex, age, clinical symptoms, comorbidities, TB characteristics, complications, complete blood count, albumin, liver/kidney/coagulation tests, sputum smear, derived indices, outcome) had 0% missing and required no imputation.


Imputation details: Multiple imputation by chained equations (MICE) with m = 5 imputed datasets and maxit = 20 iterations. Predictive mean matching (PMM) was used for continuous variables, and logistic regression for binary variables (smoking). The Missing At Random (MAR) assumption was considered plausible because missingness was primarily driven by routine testing protocols and clinical practice patterns. 

Supplementary Table S4. Boruta importance scores
	Variable
	meanImp
	medianImp
	minImp
	maxImp
	normHits
	Decision

	sepsis
	12.452
	12.420
	9.887
	15.806
	1.000
	Confirmed

	mods
	10.541
	10.542
	8.054
	12.726
	1.000
	Confirmed

	myoglobin
	9.167
	9.148
	6.902
	11.764
	1.000
	Confirmed

	SII
	6.606
	6.551
	3.610
	9.170
	0.982
	Confirmed

	PCT
	5.401
	5.458
	2.657
	7.670
	0.945
	Confirmed

	oxygenation_index
	4.825
	4.902
	2.118
	7.306
	0.900
	Confirmed

	NLR
	4.571
	4.450
	2.020
	7.384
	0.900
	Confirmed

	PLR
	4.385
	4.400
	1.956
	7.152
	0.855
	Confirmed

	total_bilirubin
	4.132
	4.229
	0.669
	6.997
	0.836
	Confirmed

	CK
	4.009
	4.024
	1.403
	6.387
	0.764
	Confirmed

	wbc
	3.896
	3.963
	0.831
	6.058
	0.827
	Confirmed

	severe_pneumonia
	3.526
	3.558
	1.385
	5.956
	0.700
	Confirmed

	neutrophil
	3.451
	3.473
	0.614
	6.090
	0.682
	Confirmed

	CKMB
	3.236
	3.239
	0.687
	5.157
	0.709
	Confirmed

	PT
	3.142
	3.126
	−0.294
	5.720
	0.673
	Confirmed

	albumin
	2.221
	2.356
	−0.171
	4.275
	0.300
	Rejected

	CRP
	2.135
	2.134
	−0.354
	4.536
	0.200
	Rejected

	cavitation
	2.003
	1.712
	0.345
	3.837
	0.055
	Rejected

	Note: Full list of 44 variables is available. Variables with meanImp < 2.0 are omitted for brevity. Albumin and sputum_smear were clinically forced into the model despite being rejected by Boruta.



Supplementary Table S5. Final hyperparameter settings for machine learning models
	Model / Method
	Parameter
	Value

	Feature selection

	Boruta
	ntree
	500

	Boruta
	maxRuns
	100

	Boruta
	α (significance level)
	0.01

	Elastic Net
	alpha
	0.9

	Elastic Net
	nfolds (CV)
	10

	Elastic Net
	lambda selection
	lambda.min

	Prediction models

	Logistic Regression (glmnet)
	alpha
	0 (ridge) / 1 (lasso) — standard implementation

	Random Forest
	ntree
	500

	Random Forest
	mtry
	floor(sqrt(number of variables))

	XGBoost
	nrounds
	100

	XGBoost
	max_depth
	3

	XGBoost
	eta
	0.1

	SVM (e1071)
	kernel
	radial

	SVM (e1071)
	cost
	1

	Internal validation & imputation

	Bootstrap
	number of resamples
	1000

	MICE imputation
	m (datasets)
	5

	MICE imputation
	maxit (iterations)
	20


Note: All models were developed in R version 4.5.3. Hyperparameters were optimised via 10‑fold cross‑validation within the training data. Class weighting was applied where applicable to address outcome imbalance. 

Supplementary Table S6. Additional parameterisations of SII
	Parameterisation
	OR
	95% CI
	P value

	Per IQR increase
	1.000
	0.993 – 1.007
	0.953

	Per 100-unit increase
	1.000
	1.000 – 1.000
	0.953

	Log-transformed (log(SII+1))
	1.125
	0.882 – 1.435
	0.342


Data extracted from multivariable logistic regression models. All models were adjusted for sepsis, MODS, oxygenation index, albumin, and sputum smear positivity.

Supplementary Table S7. Elastic net coefficients
	Model selection criterion
	λ value
	Variables retained (non-zero coefficients)
	Elastic net coefficient (β)

	λ.min (minimum binomial deviance)
	0.0292
	14 non‑zero coefficient variables
	See note¹

	λ.1se (most parsimonious model)
	0.0892
	Sepsis
	1.00

	
	
	MODS
	0.62

	
	
	CKMB
	0.001


Notes:
¹ The λ.min model retained 14 non‑zero coefficient variables. The λ.1se model was selected as the final model because it provides a more parsimonious solution with comparable predictive performance.
Data source: Elastic net regularised logistic regression (α = 0.9) with 10‑fold cross‑validation, pooled across five imputed datasets using Rubin's rules. 

Supplementary Table S8. R packages used
	R package
	Version
	Purpose

	mice
	3.19.0
	Multiple imputation by chained equations (MICE)

	Boruta
	9.0.0
	Feature selection (Random Forest framework)

	glmnet
	4.1-10
	Elastic net regularisation + Logistic regression

	randomForest
	4.7-1.2
	Random Forest model

	xgboost
	3.2.1.1
	XGBoost model

	e1071
	1.7-17
	Support Vector Machine (SVM)

	pROC
	1.19.0.1
	ROC curves and AUC calculation

	shapviz
	0.10.3
	SHAP visualisation

	rmda
	1.6
	Decision curve analysis (DCA)

	rms
	8.1-1
	Calibration curves and model validation

	caret
	7.0-1
	Model training and cross‑validation framework


Note: All analyses were performed in R version 4.5.3 (2026-03-11) on Windows 10 x64. Package versions were obtained from sessionInfo(). Only packages directly used for analysis and modelling are listed; dependent packages are omitted for brevity. 

Supplementary Table S9. Logistic regression model intercept
	Model
	Intercept
	Note

	Multivariable Logistic Regression
	−1.742
	For manual calculation of predicted probability: P = 1 / (1 + exp(−(−1.742 + β₁X₁ + …)))


Data source: Intercept from the final logistic regression model fitted on the full cohort (six predictors: sepsis, MODS, oxygenation index, albumin, sputum smear, SII). Coefficients for each predictor are provided in Table 2 of the main manuscript. 
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