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Supplementary 1. TRIPOD+AI Checklist
This file provides the completed Transparent Reporting of a multivariable prediction model of Individual Prognosis Or Diagnosis including Artificial Intelligence (TRIPOD+AI) checklist. It details the study's adherence to standardized reporting guidelines for the development and internal validation of the machine learning-based prediction models presented in this work.
	Section/Topic              Item
	Development
/ evaluation1
	Checklist item
	Reported
on pages


	TITLE
	

	Title
	1
	D;E
	Identify the study as developing or evaluating the performance of a multivariable prediction model, the target population, and the outcome to be predicted
	1

	ABSTRACT

	Abstract
	2
	D;E
	See TRIPOD+AI for Abstracts checklist
	1

	INTRODUCTION

	Background
	3a
	D;E
	Explain the healthcare context (including whether diagnostic or prognostic) and rationale for developing or evaluating the prediction model, including references to existing models
	1–2

	
	3b
	D;E
	Describe the target population and the intended purpose of the prediction model in the context of the care pathway, including its intended users (e.g., healthcare professionals, patients, public)
	2

	
	3c
	D;E
	Describe any known health inequalities between sociodemographic groups
	

	Objectives
	4
	D;E
	Specify the study objectives, including whether the study describes the development or validation of a prediction model (or both)
	2

	METHODS

	Data
	5a
	D;E
	Describe the sources of data separately for the development and evaluation datasets (e.g., randomised  trial, cohort, routine care or registry data), the rationale for using these data, and representativeness of the data
	2

	
	5b
	D;E
	Specify the dates of the collected participant data, including start and end of participant accrual; and, if applicable, end of follow-up
	2

	Participants
	6a
	D;E
	Specify key elements of the study setting (e.g., primary care, secondary care, general population) including the number and location of centres
	2

	
	6b
	D;E
	Describe the eligibility criteria for study participants
	2

	
	6c
	D;E
	Give details of any treatments received, and how they were handled during model development or evaluation, if relevant
	2–3


	Data preparation
	7
	D;E
	Describe any data pre-processing and quality checking, including whether this was similar across relevant sociodemographic groups
	3

	Outcome
	8a
	D;E
	Clearly define the outcome that is being predicted and the time horizon, including how and when
assessed, the rationale for choosing this outcome, and whether the method of outcome assessment is consistent across sociodemographic groups
	2–3

	
	8b
	D;E
	If outcome assessment requires subjective interpretation, describe the qualifications and demographic characteristics of the outcome assessors
	3

	
	8c
	D;E
	Report any actions to blind assessment of the outcome to be predicted
	

	Predictors
	9a
	D
	Describe the choice of initial predictors (e.g., literature, previous models, all available predictors) and any pre-selection of predictors before model building
	3

	
	9b
	D;E
	Clearly define all predictors, including how and when they were measured (and any actions to blind assessment of predictors for the outcome and other predictors)
	3-4

	
	9c
	D;E
	If predictor measurement requires subjective interpretation, describe the qualifications and demographic characteristics of the predictor assessors
	

	Sample size
	10
	D;E
	Explain how the study size was arrived at (separately for development and evaluation), and justify that the study size was sufficient to answer the research question. Include details of any sample size
calculation
	3, 9


	Missing data
	11
	D;E
	Describe how missing data were handled. Provide reasons for omitting any data
	3

	Analytical methods
	12a
	D
	Describe how the data were used (e.g., for development and evaluation of model performance) in the analysis, including whether the data were partitioned, considering any sample size requirements
	3

	
	12b
	D
	Depending on the type of model, describe how predictors were handled in the analyses (functional form, rescaling, transformation, or any standardisation).
	3

	
	12c
	D
	Specify the type of model, rationale2, all model-building steps, including any hyperparameter tuning, and method for internal validation
	3

	
	12d
	D;E
	Describe if and how any heterogeneity in estimates of model parameter values and model performance was handled and quantified across clusters (e.g., hospitals, countries). See TRIPOD-Cluster for
additional considerations3
	

	
	12e
	D;E
	Specify all measures and plots used (and their rationale) to evaluate model performance (e.g., discrimination, calibration, clinical utility) and, if relevant, to compare multiple models
	3, 5

	
	12f
	E
	Describe any model updating (e.g., recalibration) arising from the model evaluation, either overall or for particular sociodemographic groups or settings
	

	
	12g
	E
	For model evaluation, describe how the model predictions were calculated (e.g., formula, code, object, application programming interface)
	3

	Class imbalance
	13
	D;E
	If class imbalance methods were used, state why and how this was done, and any subsequent methods to recalibrate the model or the model predictions
	3

	Fairness
	14
	D;E
	Describe any approaches that were used to address model fairness and their rationale
	

	Model output
	15
	D
	Specify the output of the prediction model (e.g., probabilities, classification). Provide details and rationale for any classification and how the thresholds were identified
	3, 5


[image: ]
1 D=items relevant only to the development of a prediction model; E=items relating solely to the evaluation of a prediction model; D;E=items applicable to both the development and evaluation of a prediction model
2  Separately for all model building approaches.
3  TRIPOD-Cluster is a checklist of reporting recommendations for studies developing or validating models that explicitly account for clustering or explore heterogeneity in model performance (eg, at different hospitals or centres). Debray et al, BMJ 2023; 380: e071018 [DOI: 10.1136/bmj-2022-071018]
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	Training versus evaluation
	16
	D;E
	Identify any differences between the development and evaluation data in healthcare setting, eligibility criteria, outcome, and predictors
	

	Ethical approval
	17
	D;E
	Name the institutional research board or ethics committee that approved the study and describe the participant-informed consent or the ethics committee waiver of informed consent
	2, 10


	OPEN SCIENCE

	Funding
	18a
	D;E
	Give the source of funding and the role of the funders for the present study
	10

	Conflicts of interest
	18b
	D;E
	Declare any conflicts of interest and financial disclosures for all authors
	10

	Protocol
	18c
	D;E
	Indicate where the study protocol can be accessed or state that a protocol was not prepared
	

	Registration
	18d
	D;E
	Provide registration information for the study, including register name and registration number, or state that the study was not registered
	

	Data sharing
	18e
	D;E
	Provide details of the availability of the study data
	10

	Code sharing
	18f
	D;E
	Provide details of the availability of the analytical code4
	

	PATIENT & PUBLIC INVOLVEMENT

	Patient & Public Involvement
	19
	D;E
	Provide details of any patient and public involvement during the design, conduct, reporting, interpretation, or dissemination of the study or state no involvement.
	

	RESULTS

	Participants
	20a
	D;E
	Describe the flow of participants through the study, including the number of participants with and
without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.
	2, 5

	
	
20b
	
D;E
	Report the characteristics overall and, where applicable, for each data source or setting, including the key dates, key predictors (including demographics), treatments received, sample size, number of
outcome events, follow-up time, and amount of missing data. A table may be helpful. Report any differences across key demographic groups.
	2–5

	
	20c
	E
	For model evaluation, show a comparison with the development data of the distribution of important predictors (demographics, predictors, and outcome).
	

	Model development
	21
	D;E
	Specify the number of participants and outcome events in each analysis (e.g., for model development, hyperparameter tuning, model evaluation)
	3, 5


	Model
specification
	22
	D
	Provide details of the full prediction model (e.g., formula, code, object, application programming interface) to allow predictions in new individuals and to enable third-party evaluation and
implementation, including any restrictions to access or re-use (e.g., freely available, proprietary)5
	

	Model
performance
	23a
	D;E
	Report model performance estimates with confidence intervals, including for any key subgroups (e.g., sociodemographic). Consider plots to aid presentation.
	5–7


	
	23b
	D;E
	If examined, report results of any heterogeneity in model performance across clusters. See TRIPOD Cluster for additional details3.
	

	Model updating
	24
	E
	Report the results from any model updating, including the updated model and subsequent performance
	

	DISCUSSION

	Interpretation
	25
	D;E
	Give an overall interpretation of the main results, including issues of fairness in the context of the objectives and previous studies
	8–9

	Limitations
	26
	D;E
	Discuss any limitations of the study (such as a non-representative sample, sample size, overfitting, missing data) and their effects on any biases, statistical uncertainty, and generalizability
	9

	Usability of the
model in the
context of current care
	27a
	D
	Describe how poor quality or unavailable input data (e.g., predictor values) should be assessed and handled when implementing the prediction model
	NR / blank

	
	27b
	D
	Specify whether users will be required to interact in the handling of the input data or use of the model, and what level of expertise is required of users
	[bookmark: _GoBack]NR / blank

	
	27c
	D;E
	Discuss any next steps for future research, with a specific view to applicability and generalizability of the model
	9




















[image: ]
4 This relates to the analysis code, for example, any data cleaning, feature engineering, model building, evaluation.
5 This relates to the code to implement the model to get estimates of risk for a new individual.



Supplementary 2. STROBE Checklist.

This file provides the completed Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist for cohort studies, detailing the study's adherence to standardized reporting guidelines for observational study designs.

	[bookmark: bold2][bookmark: italic3][bookmark: bold4][bookmark: italic5][bookmark: bold3][bookmark: italic1][bookmark: italic2][bookmark: bold1][bookmark: italic4]
	Item No
	Recommendation
	Page No

	Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	1

	[bookmark: italic7][bookmark: bold6]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	1

	[bookmark: bold7][bookmark: italic8]Introduction

	[bookmark: bold8][bookmark: italic9][bookmark: italic10][bookmark: bold9]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	1–2

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	2

	[bookmark: italic12][bookmark: bold11]Methods

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	2

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	2

	Participants
	6
	(a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
	2-3

	[bookmark: italic15][bookmark: bold14]
	
	(b) For matched studies, give matching criteria and number of exposed and unexposed
	N/A

	[bookmark: italic17][bookmark: bold16]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	2–3


	[bookmark: italic18][bookmark: bold17][bookmark: italic19][bookmark: bold18]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	2–3

	[bookmark: italic20][bookmark: bold20]Bias
	9
	Describe any efforts to address potential sources of bias
	3

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	3

	[bookmark: bold22][bookmark: italic22][bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	3

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	3–5

	[bookmark: italic26][bookmark: bold24]
	
	(b) Describe any methods used to examine subgroups and interactions
	

	[bookmark: italic27][bookmark: bold25]
	
	(c) Explain how missing data were addressed
	

	[bookmark: bold26][bookmark: italic28]
	
	(d) If applicable, explain how loss to follow-up was addressed
	

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	

	[bookmark: italic30][bookmark: bold28]Results
	

	[bookmark: italic31][bookmark: bold29]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	2, 5


	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	

	[bookmark: bold33][bookmark: italic34][bookmark: italic35][bookmark: bold34]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	2–5

	[bookmark: italic36][bookmark: bold36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	

	[bookmark: italic37][bookmark: bold37]
	
	(c) Summarise follow-up time (eg, average and total amount)
	

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Report numbers of outcome events or summary measures over time
	2, 5


[bookmark: bold41][bookmark: italic40]
	Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	5–7

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	

	[bookmark: bold43][bookmark: italic42]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	

	[bookmark: italic43][bookmark: bold44]Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
	5

	[bookmark: bold45][bookmark: italic44]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives
	8–9

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	9

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	8–9

	[bookmark: bold49][bookmark: italic48]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	9


	[bookmark: bold50][bookmark: italic49]Other information

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	10



*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-statement.org.






































































Supplementary 3. Predictive Performance Metrics of Machine Learning Models Developed Without SMOTE Resampling.

	Model
	AUROC (95% CI), p-value
	AUPRC (95% CI)
	Brier Score (95% CI)

	Ridge LR (no SMOTE)
	0.656 (95% CI: 0.528–0.774), p-value <0.001
	0.250 (95% CI: 0.140–0.415)
	0.108 (95% CI: 0.084–0.132)

	Random Forest (no SMOTE)
	0.646 (95% CI: 0.530–0.767), p-value <0.001
	0.230 (95% CI: 0.125–0.375)
	0.111 (95% CI: 0.087–0.135)

	XGBoost (no SMOTE)
	0.642 (95% CI: 0.507–0.769), p-value <0.001
	0.236 (95% CI: 0.116–0.412)
	0.109 (95% CI: 0.084–0.133)

	Note: Models were developed using a 500-repeat bootstrap validation framework. The 95% confidence intervals (CI) were calculated using the empirical percentile method. The p-value for AUROC evaluates the null hypothesis (H0: AUROC = 0.50), calculated via the one-sample Wilcoxon signed-rank test. Bold row indicates the champion model selected based on clinical calibration (Brier score). LR: Logistic Regression; SMOTE: Synthetic Minority Over-sampling Technique.



























































Supplementary 4
These parameters were optimized via grid search embedded within the 500-repeat bootstrap resampling framework to ensure maximum algorithmic stability and prevent data leakage.
Supplementary 4. Final hyperparameter values for all machine learning models following grid search optimization within the 500-repeat bootstrap resampling framework.
	Hyperparameter
	Candidate Range (Grid)
	Ridge Logistic Regression
	Random Forest
	XGBoost

	1. Ridge Logistic Regression (L2-regularized)
	
	
	
	

	Regularization penalty (λ)
	10⁻⁵ to 10¹
	0.984
	—
	—

	Spline degrees of freedom (df)
	—
	Not applied
	—
	—

	2. Random Forest
	
	
	
	

	Number of trees (`trees`)
	—
	—
	Fixed at 500
	—

	Variables tried per split (`mtry`)
	—
	—
	Fixed at 5
	—

	Minimum node size (`min_n`)
	5, 10, 20, 40
	—
	40
	—

	3. Extreme Gradient Boosting (XGBoost)
	
	
	
	

	Number of boosting rounds (`trees`)
	—
	—
	—
	Fixed at 500

	Predictors sampled per split (`mtry`)
	—
	—
	—
	Fixed at 15

	Learning rate / Shrinkage (η)
	10⁻³ to 0.3
	—
	—
	0.00422

	Maximum tree depth (`max_depth`)
	1 to 15
	—
	—
	1

	Subsample ratio
	—
	—
	—
	Default (1.0)

	Min child weight
	—
	—
	—
	Default (1.0)


Note. Hyperparameter tuning was strictly embedded within each of the 500 bootstrap resampling loops to prevent data leakage. The optimal parameter configurations were selected via grid search, maximizing the area under the precision-recall curve (AUPRC) across the out-of-bag (OOB) samples. An em dash (—) indicates that the hyperparameter was not applicable to the respective algorithm or was not tuned. All models were implemented in R (version 4.5.0) using the tidymodels framework, with underlying computational engines specified as follows: glmnet for Ridge logistic regression, ranger for Random Forest, and xgboost for XGBoost. Abbreviations: AUPRC, area under the precision-recall curve; LR, logistic regression; XGBoost, Extreme Gradient Boosting


















Supplementary 5
This table provides a comprehensive breakdown of the relative percentage contributions for all 25 candidate predictors incorporated into the final Random Forest model. It details the exact predictive weight of each feature, including the 10 low-impact variables that were omitted from the main SHAP visualization for visual clarity.
Supplementary 5. Relative percentage contributions of all 25 candidate predictors in the final Random Forest model.
	Rank
	Predictor
	Relative contribution (%)

	1
	ALT (U/L)
	14.67

	2
	BUN (mmol/L)
	12.46

	3
	Maternal age (years)
	10.43

	4
	LDH (U/L)
	9.37

	5
	Day 3 systolic BP (mmHg)
	8.62

	6
	Pre-pregnancy BMI
	5.90

	7
	Gestational weight gain
	5.14

	8
	Day 1 systolic BP (mmHg)
	4.69

	9
	Gestational age at admission
	4.23

	10
	Proteinuria
	3.78

	11
	Creatinine (µmol/L)
	2.87

	12
	Admission diastolic BP (mmHg)
	2.57

	13
	Platelet count
	2.42

	14
	Day 1 diastolic BP (mmHg)
	2.27

	15
	AST (U/L)
	2.12

	16
	Day 3 diastolic BP (mmHg)
	1.66

	17
	Postpartum Day 3 hypertension
	1.36

	18
	Severe symptoms
	1.21

	19
	Admission systolic BP (mmHg)
	1.06

	20
	Delivery mode
	0.91

	21
	HDP classification
	0.76

	22
	History of preeclampsia
	0.60

	23
	History of gestational hypertension
	0.45

	24
	Gestational diabetes
	0.30

	25
	Multiple pregnancy
	0.15


Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure; BUN, blood urea nitrogen; HDP, hypertensive disorders of pregnancy; LDH, lactate dehydrogenase.
Note: Predictors are ranked in descending order according to their relative contribution to the prediction model.
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