Table S1: Search terms
	Area
	Search terms

	Population (P)
	"stillbirth*” OR “Neonatal death*” OR “Neonatal mortality”, “Neonatal loss” OR “f?etal death” OR “f?etal loss” OR “intrauterine f?etal demise" OR “intrauterine f?etal loss” OR “Perinatal loss” OR “Perinatal death” OR “Late f?etal loss”

	Concept (C)
	“Artificial intelligen*” OR “AI” OR “Machine learning” OR “Deep learning” OR “Predictive model*” OR “Mathematic model*” OR “Statistical model*” OR “Classical model*”

	 Context (C)
	“ ” OR “Global” OR “All countries”

	The terms from each category will be combined with AND command

	Ovid MEDLINE(R), Embase, and Global Health <10 Dec 2025>
1	("stillbirth*" or "Neonatal death*" or "Neonatal mortality, Neonatal loss" or "f?etal death" or "f?etal loss" or "intrauterine f?etal demise" or "intrauterine f?etal loss" or "Perinatal loss" or "Perinatal death" or "Late f?etal loss").mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, bt, nm, ox, px, rx, an, ui, sy, ux, mx]	130761
2	("Artificial intelligen*" or "AI" or "Machine learning" or "Deep learning" or "Predictive model*" or "Mathematic model*" or "Statistical model*" or "Classical model*").mp. [mp=ti, ab, hw, tn, ot, dm, mf, dv, kf, fx, dq, bt, nm, ox, px, rx, an, ui, sy, ux, mx]	1307885
3	1 and 2	1463
Limit search to 2010-2025	1157

Scopus <10 Dec 2025>
"stillbirth*" OR "Neonatal death*" OR "Neonatal mortality, Neonatal loss" OR "f?etal death" OR "f?etal loss" OR "intrauterine f?etal demise" OR "intrauterine f?etal loss" OR "Perinatal loss" OR "Perinatal death" OR "Late f?etal loss"
AND
"Artificial intelligen*" OR "AI" OR "Machine learning" OR "Deep learning" OR "Predictive model*" OR "Mathematic model*" OR "Statistical model*" OR "Classical model*"
Limit search to 2010-2025	123

Web of Science <10 Dec 2025>
(Topic)"stillbirth*” OR “Neonatal death*” OR “Neonatal mortality”, “Neonatal loss” OR “f?etal death” OR “f?etal loss” OR “intrauterine f?etal demise" OR “intrauterine f?etal loss” OR “Perinatal loss” OR “Perinatal death” OR “Late f?etal loss”
AND
(Topic) “Artificial intelligen*” OR “AI” OR “Machine learning” OR “Deep learning” OR “Predictive model*” OR “Mathematic model*” OR “Statistical model*” OR “Classical model*”
Filters: 2010-2025	50




Table S2: Study quality assessment using TRIPOD+AI assessment and PROBAST+AI assessment (Separate file)


Table S3: Detailed characteristics of all included studies (n=93)
	Author / Year
	Design
	Location
	Outcome
	Objective
	Predictor types
(with named predictors)
	Database 
/ Source
	Classical
	ML
	AI
	Model performance
	Reported matrices
	Model validation
	Sample size
	Funding
	TRIPOD+AI 
(% compliance)
	PROBAST+AI
	Data availability
	Ref

	Adane, et al. 2025
	Retrospective study
	Ethiopia
	Neonatal mortality
	1. Model development
2. Model validation
	Maternal factor
  - Gravidity
Foetal factor
  - Birth weight
  - APGAR score
  - Amniotic fluid / meconium
  - Perinatal asphyxia
Sociodemographic factor
  - Geographic region / residence
	Health facility-based data
	✓
	X
	X
	The final prediction model demonstrated good performance with an Area Under the Curve (AUC) of 0.796. The simplified risk score model had a sensitivity of 80% and a specificity of 66% at an optimal cutoff point. The model was well-calibrated, with a p-value of 0.781
	AUROC
	Internal validation only
	845 neonates
	The authors state that no financial support was received for the research or publication of the article
	67.4%
	D1: Low risk
D2: Unclear risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[30]

	Adebanji, et al. 2024
	Retrospective study
	Ghana
	Stillbirth
	Model comparison
	Maternal factor
  - Maternal education
  - Parity
  - Anaemia / haemoglobin
Foetal factor
  - Gestational age
  - Foetal heart rate / CTG
	Health facility-based data
	✓
	✓
	✓
	Best model is random forest with AUC of 0.90, Recall (sensitivity): 0.9959
	AUC, Sensitivity 
	Internal validation only
	6466
	No specific funding
	60.0%
	D1: Low risk
D2: Unclear risk
D3: Low risk
D4: High risk
	No information
	[31]

	Aga 2025
	Retrospective study
	Ethiopia
	Stillbirth
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Gravidity
	Health facility-based data
	X
	✓
	X
	The Random Forest (RF) model performed the best, achieving 92% accuracy, a 0.95 ROC-AUC, and 0.94 balanced accuracy
	ROC-AUC, Accuracy, Balanced accuracy
	Internal validation only
	549 pregnancies 

	The authors did not receive any specific grant for this research from public, commercial, or not-for-profit funding agencies
	51.0%
	D1: Low risk
D2: Unclear risk
D3: High risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[32]

	Al Mashrafi et al. 2025
	Retrospective study
	Oman
	Neonatal mortality
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal body mass index
Foetal factor
  - APGAR score
	Population/ Registry
	X
	✓
	X
	Logistic Regression (LR), Linear Discriminant Analysis (LDA), and Random Forest (RF) were the top-performing models, with an Area Under the Precision-Recall Curve (AUC-PR) above 0.85 and strong Brier scores. Specifically, using the original dataset, LDA achieved an AUC-PR of 0.8650 and a Brier score of 0.1778, while RF had an AUC-PR of 0.8652 and a Brier score of 0.1836
	AUC-PR, Brier score
	Internal validation only
	The study included a total of 2,940 neonatal deaths recorded between 2016 and 2024
	The research received support from the Ministry of Health in Oman and the RMIT International Tuition Fee Scholarship (RRITFS) 
	57.1%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Low risk
	Not publicly available

Available via inquiries to corresponding author
	[33]

	Al-Fattah, et al. 2024
	Retrospective study
	Indonesia
	Stillbirth
	Model development
	Maternal factor
  - Hypertensive disorders of pregnancy
	Health facility-based data
	✓
	X
	X
	• Placental dysfunction-related stillbirths (PDRS) = AUC0.984 / Sen 98.5%/ spec 85.7%
• All SB =  AUC0.879 / Sen 99.3%/ spec 38.5%
• Non-placental dysfunction-related stillbirths (NPDRS) =  AUC0.780 / Sen 70.8%/ spec 66.7%
	AUC, Sensitivity, Specificity
	Internal validation only
	1643 women
	This research was privately funded by the Indonesian Prenatal Institute.
	55.3%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[34]

	Allotey, et al. 2022
	Meta-analysis
	UK and USA
	Stillbirth
	External validate exsiting models
	Maternal factor
  - Maternal age (Trudell)
  - Parity / nulliparity (Trudell, Yerlikaya)
  - Body mass index (Smith, Trudell)
  - Maternal weight (Yerlikaya)
  - Chronic hypertension (Yerlikaya, Trudell)
  - Pregestational / pre-existing diabetes (Yerlikaya, Trudell)
  - Antiphospholipid syndrome or SLE (Yerlikaya)
  - Previous stillbirth (Yerlikaya)
Clinical factor
  - Mean uterine artery pulsatility index (Smith)
  - Assisted conception (Yerlikaya)
  - Smoking in pregnancy (Yerlikaya, Trudell)
Sociodemographic factor
  - Ethnicity (African-American / Afro-Caribbean / Black; Smith, Yerlikaya, Trudell)
	International database
	✓
	X
	X
	The models showed poor predictive performance: - Discrimination: Summary C-statistics were low, ranging from 0.53 to 0.65 
7
. - Calibration: Poor calibration, with summary calibration slopes <1, indicative of overfitting during model development 
8
. - Clinical Utility: The models had "little to no clinical utility" as assessed by decision-curve analysis 
9
. None are recommended for clinical practice
	C-statistic
	External validation only
	491,201 pregnant women from 19 cohorts
	The IPPIC data repository was funded by the National Institute for Health Research (NIHR) Health Technology Assessment Programme. The project was also funded by Sands charity. Additional support came from the NIHR School for Primary Care Research, the UK Medical Research Council, Wellcome, and the University of Bristol 
	68.1%
	D1: Low risk
D2: Unclear risk
D3: Unclear risk
D4: Low risk
	Not mentioned
	[35]

	Alzakari, et al. 2024
	Secondary analysis
	Saudi Arabia
	Stillbirth
	Model comparison
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Maternal education
  - Infections
Foetal factor
  - Birth weight
  - Foetal heart rate / CTG
Sociodemographic factor
  - Socioeconomic status
	Health facility-based data
	✓
	✓
	✓
	The proposed TabPFN model achieved the highest performance across all metrics, with an accuracy of 97.91%, precision of 97.87%, recall of 98.26%, F1-score of 98.05%, Matthews Correlation Coefficient (MCC) of 96.42%, and an Area Under the Curve (AUC) of 98.88% 
5
. This performance was superior to the other 13 machine learning models evaluated
	Accuraccy, Precision, Sensitivity, F-1 score, AUC, Matthews Correlation Coefficient (MCC)
	Internal validation only
	2,126 records
	The research was supported by the Princess Nourah bint Abdulrahman University Researchers Supporting Project (PNURSP2024R716), the Deanship of Research and Graduate Studies at King Khalid University (grant number RGP1/296/45), and AlMaarefa University, Riyadh, Saudi Arabia
	55.1%
	D1: Low risk
D2: Low risk
D3: High risk
D4: High risk
	Not publicly 

Available via inquiries to corresponding author
	[36]

	ÅmarkI, et al. 2018
	Retrospective study
	Sweden
	Stillbirth
	Model development
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Parity
  - Smoking / substance use
	Population/ Registry
	✓
	X
	X
	The final model had an Area Under the Curve (AUC) of 0.69 (95% CI: 0.64–0.74). It achieved a sensitivity of 28% at a fixed specificity of 90% 
7
, meaning it could predict 28% of stillbirths with a 10% false-positive rate 
	AUC, Sensitivity, Specificity
	Internal validation only
	The final study cohort included 145,319 pregnancies. The predictive model was developed using a sub-cohort of 45,859 pregnancies in women with overweight or obesity who did not have pre-gestational diabetes
	The study received support from the Stockholm County Council (ALF project) and the Stockholm City Council (post-doc position)
	57.1%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data can be shared with other researchers on the condition that they obtain formal approval from the Regional Research Ethics Committee
	[37]

	Baker, et al. 2021
	Retrospective study
	United States
	Neonatal mortality
	Model development
	Foetal factor
  - Gestational age
	Health facility-based data
	X
	X
	✓
	The highest performing model, NAIMS-3 (3-day window), achieved an area under the receiver-operator curve (AUROC) of 0.9336 and an area under the precision-recall curve (AUPRC) of 0.8397336 for predicting mortality risk within a 3-day window is achieved.
	AUROC, AUPRC
	Internal validation only
	179 patients for the 3-day and 7-day models (NAIMS-3, NAIMS-7) and 181 patients for the 14-day model
	The study was supported by the Australian Government Research Training Program Scholarship
	67.4%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is publicly accessible.
	[38]

	Batista, et al. 2021
	Retrospective study
	Brazil
	Neonatal mortality 
	Model development
	Foetal factor
  - Gestational age
  - Birth weight
  - APGAR score
	Population/ Registry
	✓
	✓
	✓
	The extreme gradient boosting trees (XGBoost) algorithm performed best, achieving an Area Under the Curve (AUC) of 0.971, an F1-score of 0.548, and a precision of 0.729. The model identified over 90% of actual neonatal deaths within the 5% of births with the highest predicted risk
	AUC, F-1 score, Precision
	Both internal and external validation
	The final sample included 1,128,162 live births. The training set comprised 941,308 births (2012-2016), and the test set comprised 186,854 births (2017)
	The research was supported by the Bill & Melinda Gates Foundation, the Ministry of Health's Institutional Development Program of the Brazilian National Health System (PROADI-SUS), and FAPESP
	58.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is publicly accessible.
	[39]

	Bogale D.S., et al. 2022
	Secondary analysis
	Ethiopia
	Stillbirth
	Model development
	Maternal factor
  - Maternal age
  - Maternal education
  - Anaemia / haemoglobin
  - Smoking / substance use
  - Interpregnancy interval
Sociodemographic factor
  - Socioeconomic status
  - Marital status
  - Geographic region / residence
  - Health insurance
	Population/ Registry
	X
	✓
	X
	The Gradient Boosting model achieved the highest performance: Accuracy: 90.24%, Precision: 87.24%, Recall: 99.72%, F1-Score: 92.80%, ROC: 96.96%.
	Accuracy, Precision, Sensitivity, F-1 score, ROC
	Internal validation only
	The raw data contained 109,531 instances. After applying the SMOTE technique to balance the dataset, it accounted for 148,659 instances 
	The research was supported by the University of Gondar research and community service vice president's office
	45.8%
	D1: Low risk
D2: Unclear risk
D3: Unclear risk
D4: High risk
	The data is publicly accessible via GitHub.
	[40]

	Bosschieter, et al 2023
	Retrospective study
	United States
	Stillbirth
	1. Model development
2. Model comparison
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Maternal height
	Health facility-based data
	✓
	✓
	X
	The EBM model achieved a mean Area Under the ROC Curve (AUROC) of 0.730, which was the highest average performance across all outcomes. EBMs also demonstrated good calibration, often better than logistic regression
	AUROC
	Both internal and external validation
	Vary sample sizes depending on the outcome being analyzed: SMM (155,935), Shoulder dystocia (82,889), Preterm preeclampsia (153,432), and Antepartum stillbirth (153,432)
	The paper does not contain explicit information about funding sources.
	52.0%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: Low risk
	The data is not publicly available. 
	[41]

	Cavallaro, et al 2017
	Prospective study
	United Kingdom
	Stillbirth 
	Model development
	Foetal factor
  - Birth weight
  - Doppler (non-umbilical)
  - Foetal abdominal circumference
	Health facility-based data
	✓
	X
	X
	Adding ACGV to a model with EFW and CPR improved the area under the ROC curve (AUC) for predicting adverse outcomes, but the improvement was not statistically significant 
	AUC
	Neither internal and external validation
	235 singleton SGA fetuses at 36–38 weeks' gestation
	The paper does not contain explicit information about funding sources.
	55.1%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	 
	[42]

	Cersonkey, et al. 2023
	Secondary analysis
	United States
	Stillbirth
	Model development
	Maternal factor
  - Maternal education
Foetal factor
  - Gestational age
Sociodemographic factor
  - Socioeconomic status
	Population/ Registry
	✓
	✓
	✓
	The best previability model, which used a boosted trees learner, achieved an Area Under the Receiver Operating Characteristic Curve (AUROC) of 85.1%, sensitivity of 85.2%, specificity of 84.9%, positive predictive value of 88.3%, and negative predictive value of 81.1% 
	AUROC, Sensitivity, Specificity, Positive predictive value (PPV), Negative predictive value (NPV)
	Internal validation only
	3000 live births and 982 stillbirths 
	The study was supported by the Eunice Kennedy Shriver National Institute of Child Health and Human Development
	66.0%
	D1: Low risk
D2: High risk
D3: Low risk
D4: Low risk
	Not  mentioned
	[43]

	Chen, et al. 2022
	Retrospective study
	China
	Neonatal mortality
	1. Model development
2. Model comparison
	Foetal factor
  - Gestational age
	Health facility-based data
	X
	✓
	X
	Maternal Model (Random Forest): Achieved an Area Under the Curve (AUC) of 0.984 (95% CI 0.978, 0.991). 

Neonatal Model (Boosted Tree): Yielded an AUC of 0.925 (95% CI 0.907, 0.945)
	AUC
	Internal validation only
	1829 patients diagnosed with de novo HDP
	The research was funded by the Beijing Natural Science Foundation (grant number 7212144) and the National Natural Science Foundation of China (grant number 81973053)
	54.3%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	No information
	[44]

	Chiweza, et al. 2024
	Retrospective study
	Malawi
	Stillbirth and early neonatal death
	investigate whether artificial intelligence-augmented fetal monitoring (AI-CEFM) can prevent intrapartum stillbirth and neonatal death in a low-income setting
	Foetal factor
  - Foetal heart rate / CTG
	Health facility-based data
	X
	X
	✓
	AI-CEFM significantly reduce stillbirths and early neonatal deaths. Stillbirths (0.39% to 0.02%)// ENND (0.75% to 0.17%)
	
	Internal validation only
	7926
	the Texas Children's Hospital and the United Nations Population Fund Malawi. Perigen Inc. provided software and technical support but no direct funding.
	35.3%
	Not applicable
	Not publicly 

Available via inquiries to corresponding author
	[45]

	Choi, et al 2022
	Retrospective study
	South Korea
	Infant mortality
	Model development
	Maternal factor
  - Albumin
	Health facility-based data
	✓
	X
	X
	External Validation: 
- AUC: 0.903
- Calibration slope: 0.923
- Brier score: 0.072
	AUC, Calibration slope, Brier score
	Internal validation only
	Model development = 2,661 neonates
External validation = 920 neonates
	Ministry of Health & Welfare, Republic of Korea
	65.3%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is available via supplement material section. However, extra data is available upon request.
	[46]

	Conte, et al. 2025
	Retrospective study
	Italy
	Neonatal mortality
	Model development
	Maternal factor
  - Maternal age
Foetal factor
  - Gestational age
  - Birth weight
  - Umbilical artery Doppler
	Health facility-based data
	X
	✓
	X
	The XGBoost model performed best. For mortality, it achieved 88% accuracy, 95% sensitivity, and an AUC of 0.87.

For PPHN severity, it achieved 82% accuracy, 85% sensitivity, and an AUC of 0.82 
	AUC, Sensitivity, Accuracy
	Internal validation only
	165 pregnant women with a fetal diagnosis of CDH
	The study was partially funded by the Italian Ministry of Health-Current Research IRCCS
	56.3%
	D1: Low risk
D2: Unclear risk
D3: Unclear risk
D4: High risk
	No information
	[47]

	Cooper, et al 2018
	Retrospective study
	 USA and Canada
	Neonatal mortality
	Model development
	Foetal factor
  - Gestational age at birth
  - Birth weight
  - Sex
  - APGAR at 1 min
  - APGAR at 5 min
  - Mode of delivery (vaginal / caesarean)
  - Inborn status
  - Congenital malformation (any)
  - Gastroschisis
  - Atresia of small intestine
  - Atresia of colon, rectum or anus
  - Congenital hypertrophic pyloric stenosis
  - Down syndrome
  - Structural CNS abnormality
  - Structural pulmonary or airway abnormality
Clinical factor
  - Age at surgery
  - Weight at surgery
  - Ventilator dependence
  - Oxygen support
  - Bronchopulmonary dysplasia or chronic lung disease
  - Oesophageal or gastrointestinal disease
  - Hepatobiliary or pancreatic disease
  - Cardiac risk factors (none / minor / major / severe)
  - Open wound
  - Steroid use within 30 days
  - Nutritional support
  - Haematologic disorder
  - Inotropic support
  - CPR or ECMO within previous 7 days
  - Transfusion within previous 48 hours
  - Intraventricular haemorrhage (grade)
  - Sepsis, SIRS or septic shock within previous 48 hours
  - ASA physical status class
  - CPT procedure indicator variables
Sociodemographic factor
  - Race
	Health facility-based data
	✓
	✓
	X
	A refined model using only the 57 predictors most strongly associated with mortality demonstrated both excellent discrimination (AUROC = 0.89) and excellent calibration (P = 0.63) in the validation dataset.
	AUROC, p-value
	Both internal and external validation
	6,499 neonates from 2012-2013 and a validation sample of 3,552 neonates from 2014
	The authors reported no proprietary or commercial interests related to the study
	55.8%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available (requires institutional participation in the NSQIP program)
	[48]

	Dalton, et al 2023
	Retrospective study
	United States
	Perinatal death (stillbirth + early neonatal death)
	Model development
	Foetal factor
  - Gestational age
	Health facility-based data
	✓
	X
	X
	• Maternal model: AUC = 0.990; ISS cutoff ≥8 (96.8% sensitivity, 92.0% specificity)
• Short-term perinatal model: AUC = 0.755; ISS cutoff ≥3 (68.6% sensitivity, 65.1% specificity)
• Long-term perinatal model: AUC = 0.763; ISS cutoff ≥2 (68.3% sensitivity, 72.4% specificity)
	AUC, Sensitivity, Specificity
	Neither internal and external validation
	119 pregnant trauma patients
	This study did not receive any funding
	62.5%
	D1: Low risk
D2: Unclear risk
D3: Unclear risk
D4: High risk
	No information
	[49]

	Espinola-Sánchez, et al. 2023
	Retrospective study
	Peru
	Neonatal mortality 
	Model evaluation
	Maternal factor
  - Maternal age
  - Hypertensive disorders of pregnancy
  - Infections
Foetal factor
  - Gestational age
	Health facility-based data
	X
	✓
	X
	The final Gradient Boosting model demonstrated an area under the curve (AUC) of 0.98, a sensitivity of 0.98, and a specificity of 0.98
	AUC, Sensitivity, Specificity
	Internal validation only
	280 pregnant women
	The research did not receive any specific grant funding
	44.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly 


 via inquiries to corresponding author
	[50]

	Fazzari, et al. 2022
	Secondary analysis
	United States
	Foetal death
	Compare statistical models vs ML model
	Maternal factor
  - Hypertensive disorders of pregnancy
  - Blood pressure
	Health facility-based data
	✓
	✓
	X
	SuperLearner (SL) performed best overall with an area under the ROC curve (AUC) of 0.78
	AUC
	Internal validation only
	385 subjects with SLE
	National Institute of Arthritis and Musculoskeletal and Skin Diseases at the National Institutes of Health (award number AR076612) and a research grant from the Lupus Foundation of America
	54.2%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: Unclear risk
	Not publicly 

Available via inquiries to corresponding author
	[51]

	Flatley, et al. 2019
	Prospective study
	Australia
	Perinatal death (stillbirth + early neonatal death)
	Model development
	Maternal factor
  - Parity
Foetal factor
  - Birth weight
  - Doppler (non-umbilical)
Sociodemographic factor
  - Socioeconomic status
	Health facility-based data
	✓
	X
	X
	The final model had an area under the receiver operating characteristic (AUROC) curve of 0.71, indicating moderate accuracy
	AUROC
	Internal validation only
	5,439 women
	The authors did not declare any specific grants for this research from public, commercial, or not-for-profit funding agencies
	68.8%
	D1: Low risk
D2: High risk
D3: High risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[52]

	Gatabazi, et al. 2020
	Retrospective study
	Rwanda
	Neonatal mortality
	Model comparison
	Foetal factor
  - APGAR score
	Health facility-based data
	✓
	X
	X
	Jackknife model (JMRSM) were closer to the standard model (MRSM) than the Bootstrap model (BMRSM) was, suggesting the MRSM is stable
	Hazard Ratios (HR), Standard Errors (SE), 95% Confidence Intervals (CI), and Chi-square test statistics
	Internal validation only
	The study included 2,117 newborns who had complete information for all the covariates of interest
	The manuscript writing was funded by the University of KwaZulu-Natal. The study design, data collection, analysis, and interpretation were funded by the Wellcome Trust 
	47.7%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: High risk
	Not publicly available
	[53]

	Giorgione, et al. 2025
	Retrospective study
	UK, Italy, Belgium
	Stillbirth
	Model evaluation
	Foetal factor
  - Birth weight
  - Umbilical artery Doppler
	Health facility-based data
	✓
	X
	X
	The best-performing model, which included EFW discordance and umbilical artery (UA) pulsatility index (PI) discordance, achieved an area under the curve (AUC) of 0.90 
	AUC
	Internal validation only
	The study included 1294 dichorionic twin pregnancies managed between 2013 and 2023
	The authors received no specific funding for this research
	59.6%
	D1: Low risk
D2: Low risk
D3: High risk
D4: High risk
	Not publicly available
Available via inquiries to corresponding author
	[54]

	Gunenc, et al. 2025
	Retrospective study
	Turkey
	Stillbirth
	Model evaluation
	Maternal factor
  - Previous adverse outcome
	Health facility-based data
	✓
	✓
	✓
	The Random Forest (RF) model was the most successful, achieving 96.8% accuracy, 96.3% sensitivity, 97.2% specificity, and an Area Under the Curve (AUC) of 0.99 
	AUC, Sensitivity, Specificity, Accuracy
	Internal validation only
	A total of 951 patients were included in the final analysis, consisting of 452 stillbirth cases and 499 live birth cases
	The research did not receive any external funding
	56.3%
	D1: Low risk
D2: Low risk
D3: High risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[55]

	Hauptman, et al. 2025
	A case-only study 
	USA
	Neonatal mortality
	Predictor evaluation
	Maternal factor
  - Blood pressure
	Online data
	✓
	X
	X
	The model using gestational age (GA) performed better than the model using ACOG diagnosis (severity). The GA-based model had an Area Under the Curve (AUC) of 0.82, while the severity-based model had an AUC of 0.73. The difference between the AUCs was statistically significant (p=0.031)
	AUC, p-value
	Neither internal and external validation
	165 participants
	The authors state that "no funds, grants, or other support were received during the preparation of this manuscript"
	54.3%
	D1: Low risk
D2: High risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[56]

	Houweling, et al. 2019
	Secondary analysis
	Nepal
	Neonatal mortality
	1. Model development
2. Model validation
	Maternal factor
  - Maternal age
  - Maternal education
  - Gravidity
  - Interpregnancy interval
Foetal factor
  - Plurality (singleton/multiple)
	Population/ Registry
	✓
	X
	X
	Start of pregnancy: Cross-validated AUC was 0.58.

Start of delivery: Cross-validated AUC was 0.73 (when including multiple pregnancy). 

5 minutes post-partum: Cross-validated AUC was 0.83 
	AUC
	Internal validation only
	49,632 live births and 1,742 neonatal deaths
	the Economic and Social Research Council, the Department for International Development, a Wellcome Trust Strategic Award, an Erasmus University Rotterdam Research Excellence Initiative grant, and the Netherlands Organization for Scientific Research
	58.0%
	D1: Low risk
D2: High risk
D3: High risk
D4: Low risk
	The data is publicly accessible via website.
	[57]

	Hromadnikova, et al 2024
	Retrospective study
	Czech Republic
	Stillbirth
	Model development
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Parity
  - Previous adverse outcome
  - Hypertensive disorders of pregnancy
  - Diabetes / GDM
Foetal factor
  - Gestational age
	Health facility-based data
	✓
	X
	X
	Internal validation (refer to table 4)
* SB (AUC=0.967/ sensitivity = 91.67%/ Specificity = 100%)
* late misscarriage (AUC= 0.828-0.936 / Sensitivity 67.65-84.85%/ specificity = 83.75-96.25%)
	AUC, Sensitivity, Specificity
	Internal validation only
	singleton pregnancies (n = 647)
*hypertension (GH, n = 83), *preeclampsia (PE, n = 66)
*HELLP syndrome (n = 14)
* Fetal growth restriction (FGR, n = 82)
*Small for gestational age (SGA, n = 37)
* Gestational diabetes mellitus (GDM, n = 121)
* Preterm birth in the
absence of other complications (n = 106)
* Late miscarriage (n = 34), 
* Stillbirth (n = 24), 
* 80 normal term pregnancies.)
	Got funding, but not specific
	38.0%
	D1: Low risk
D2: Unclear risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[58]

	Hromadnikova, et al. 2023
	Retrospective study
	Czech Republic
	Stillbirth
	1. Evaluate risk factor
2. Model development
	Clinical factor
  - specific microRNAs with altered gene expression
	Health facility-based data
	✓
	X
	X
	 the combined screening of miscarriage or stillbirth show best predictive value = AUC 0·967 (95% CI 0·912–0·992)/ Sensitivity (93.75%)/ Specificity (0.326)
	AUC, Sensitivity, Specificity
	Neither internal and external validation
	5,905 Pregnancies
	Charles University research program Cooperatio-Mother and Childhood Care (no. 207035) and research grant SVV (no. 260645)
	48.9%
	D1: Low risk
D2: Unclear risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[59]

	Huang, et al. 2021
	Retrospective study
	USA
	Neonatal mortality
	1. Model development
2. Identify important predictors
	Clinical factor
  - Lymphocytes
  - Arterial partial pressure of carbon dioxide (PaCO2)
  - Sequential Organ Failure Assessment (SOFA) score.
  - Red cell distribution width (RDW)
  - Total bilirubin (TBIL)
	Health facility-based data
	✓
	X
	X
	The predictive model achieved an area under the receiver operating characteristics (ROC) curve (AUC) of 0.865 (95% CI 0.813 to 0.917), indicating good predictive accuracy
	AUC
	Internal validation only
	1,258 neonates, which included 1,194 surviving patients and 64 deaths
	The study received no funding
	51.1%
	D1: High risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[60]

	Huang, et al. 2025
	Retrospective study
	China
	Stillbirth
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Anaemia / haemoglobin
  - Hypertensive disorders of pregnancy
  - Diabetes / GDM
	Health facility-based data
	✓
	X
	X
	The nomogram prediction model showed good performance with an Area Under the Curve (AUC) of 0.821
	AUC
	Internal validation only
	120 first-time mothers with GDM combined with PIH 
	No funding was associated with this research
	54.2%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[61]

	Inyang, et al 2021
	Retrospective study
	Nigeria
	Stillbirth
	1. Model development
2. Model comparison
	Maternal factor
  - Maternal age
  - Parity
  - Gravidity
  - Previous adverse outcome
  - Anaemia / haemoglobin
  - Infections
  - Blood pressure
	Health facility-based data
	X
	✓
	X
	Best = The Random Forest model, trained on a reduced set of maternal features, achieved 96.31% accuracy and 0.982 AUC. Stillbirth-class AUC = 0·956, weighted-average AUC across all 4 classes = 0·967. RF stillbirth-class recall is 27·2% (poor minority detection).
	AUC, Accuracy
	Internal validation only
	n=1,632 records (114 stillbirth, 1,255 term, 39·8% preterm, 12·20% miscarriage)
	No specific funding
	25.0%
	D1: Unclear risk
D2: High risk
D3: Unclear risk
D4: Unclear risk
	Not mentioned
	[62]

	Kaliappan, et al. 2023
	Retrospective study
	India
	Stillbirth
	1. Model comparison
2. To use interpretable AI (Blackbox Evaluation) to understand how the models make predictions
	Clinical factor
  - Acceleration
  - Abnormal short-term variability
  - Abnormal long-term variability percentage
  - Long-term variability mean value
  - Prolonged decelerations
	Health facility-based data
	X
	✓
	X
	"Gradient Boosting and Voting Classifier achieved 99% accuracy" 
6 
. These models outperformed others with an accuracy of 0.99, a recall of 0.98, a precision between 0.96–0.98, and an F1-score of approximately 0.97
	Accuracy, Seneitivity, Precision, F1-score
	Internal validation only
	2126 participants
	The research was supported by a grant from the "National Science and Technology Council" with grant number "NSTC 111-2622-E-197-007
	32.7%
	D1: Low risk
D2: Uncelar risk
D3: Low risk
D4: Unclear risk
	The data is publicly accessible via website.
	[63]

	Khatibi, et al. 2021
	Retrospective study
	Iran
	Stillbirth
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal age
Foetal factor
  - Gestational age
Sociodemographic factor
  - Geographic region / residence
	Population/ Registry
	✓
	✓
	X
	The proposed SE model achieved an average accuracy of 90%, sensitivity of 91%, and specificity of 88% 
5
. The best-performing configuration (SE on FSC67 feature set) reached an accuracy of 90.56% and an AUC of 90.00%
	Accuracy, Seneitivity, Specificity
	Internal validation only
	1,415,623 live births and 5,502 stillbirth cases from births at or beyond the 28th gestational week 
	The study received no funding
	57.1%
	D1: Low risk
D2: High risk
D3: Low risk
D4: Low risk
	The data is not publicly available. 
	[64]

	Koivu, et al. 2020
	Retrospective study
	USA
	Stillbirth
	Model development
	Maternal factor
  - Hypertensive disorders of pregnancy
  - Diabetes / GDM
  - Infections
	Population/ Registry
	✓
	✓
	✓
	On the external NYC test data, the best performing models achieved an Area Under the Curve (AUC) of 0.76 for early stillbirth (SELU network and LGBM). 

0.63 for late stillbirth (Averaged ensemble). 

0.64 for preterm birth (SELU network and LGBM)
	AUC
	Both internal and external validation
	CDC dataset: 11,901,611 normal pregnancies, 946,301 preterm births, 7,924 early stillbirths, and 8,310 late stillbirths

NYC dataset: 266,419 normal pregnancies, 19,203 preterm births, 139 early stillbirths, and 110 late stillbirths
	There was no funding for this research 
	54.0%
	D1: Low risk
D2: Unclear risk
D3: Low risk
D4: High risk
	CDC Dataset: Publicly available

NYC Dataset: equired specific IRB (Institutional Review Board) approval
	[65]

	Kovacs, et al 2021
	Prospective study
	Tanzania
	Neonatal mortality
	Model evaluation
	Foetal factor
  - Birth weight
  - Perinatal asphyxia
	Health facility-based data
	✓
	✓
	X
	GLMs always outperformed decision trees.
	AUC, ROC, accuracy, sensitivity, and specificity
	Internal validation only
	165
	The Antimicrobial Resistance Cross-Council Initiative through a grant from the Medical Research Council, a Council of UK Research and Innovation, and the National Institute for Health Research (Award no: MR/S004815/1). DK is funded by UK Medical Research Council MRC Precision Medicine Training Grant (MR/N013166/1-LGH/MS/MED2525).
	57.4%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Unclear risk
	Not publicly available

Available via inquiries to corresponding author
	[66]

	Kuanakewinyoo, et al 2025
	Retrospective study
	Thailand
	Stillbirth
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Maternal education
  - Gravidity
  - Hypertensive disorders of pregnancy
  - Diabetes / GDM
  - Infections
	Population/ Registry
	✓
	✓
	X
	The best performing model (Random Forest on oversampled data) achieved an Accuracy of 82.2%, Recall of 80.3%, F-measure of 81.8%, Precision of 83.4%, and AUC of 0.86 
	AUC, Sensitivity, Accuracy, F-measure, Precision
	Internal validation only
	31,149 birth cases (217 stillbirths, 30,932 live births) after data cleaning
	The study received no specific financial support
	32.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Unclear risk
	Not mentioned
	[67]

	Kubahoniyesu, et al. 2024
	Retrospective study
	Rwanda
	Stillbirth
	Model development
	Maternal factor
  - Maternal age
Sociodemographic factor
  - Marital status
	Population/ Registry
	✓
	✓
	X
	Best model = KNN with AUC of 0.842, Precision of 0.89, and recall (sensitivity) of 0.97. However, KNN, decision treee, and random forest are among most effective model
	AUC, Sensitivity, Precision 
	Internal validation only
	14634
	No specific funding for this work.
	52.2%
	D1: Low risk
D2: High risk
D3: High risk
D4: High risk
	Accessible upon request through DHS website
	[68]

	Lee, et al. 2021
	Retrospective study
	USA
	Infant mortality
	Model development
	Foetal factor
  - Gestational age
  - Birth weight
	Health facility-based data
	X
	✓
	X
	The per-infant random forest model had superior performance, with an accuracy of 88% and an Area Under the Curve (AUC) score of 0.93. This outperformed the CRIB-II score (AUC 0.78) and a baseline logistic regression model (AUC 0.84)
	AUC, Accuracy
	Internal validation only
	275 infants
	The research was funded by NIH Grant K23 NS111086
	68.1%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Low risk
	Not publicly available
	[69]

	Li, et al. 2025
	Retrospective study
	United Kingdom
	Stillbirth
	1. Model development
2. Identify important predictors
	Foetal factor
  - Gestational age
	Health facility-based data
	✓
	✓
	X
	The stacking model achieved an accuracy of 85.6%, sensitivity of 57.8%, specificity of 95.9%, and an area under the receiver operating characteristic curve (AUC) of 0.82 on the internal test set 
	AUC, Sensitivity, Specificity, Accuracy
	Both internal and external validation
	The study included 1670 patients, of whom 200 experienced adverse outcomes
	The study was supported by the Chengdu Medical Research Project (project 2022-387)
	56.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is publicly accessible.
	[70]

	Lin, et al. 2022
	Retrospective study
	China
	Neonatal mortality
	Model development
	Clinical factor
  - pH (OR = 0.606, P = 0.000, 95% CI 0.457–0.803)
  - Septicemia (OR = 3.544, P = 0.000, 95% CI 1.851–6.783)
  - Abnormal pregnancy history (OR = 3.331, P = 0.008, 95% CI 1.376–8.067)
	Health facility-based data
	✓
	X
	X
	The nomogram prediction model presented an efficient prediction, with an AUC of 0.737 (95% CI 0.663–0.812).

The result showed no statistical different between real mortality and predictive model result.
	AUC
	Internal validation only
	220 newborns
	This work was supported by grants from the Technology Project of Sichuan Province of China (2021YFQ0061) and the National Natural Science Foundation of China (82270249).
	55.3%
	D1: Low risk
D2: Unclear risk
D3: Low risk
D4: High risk
	The data is available via supplement material section. However, extra data is available upon request.
	[71]

	Olde Loohuis, et al 2025
	Prospective study
	Ghana
	Perinatal death (stillbirth + early neonatal death)
	External validate exsiting models
	Maternal factor
  - Maternal age
  - Proteinuria
	Health facility-based data
	✓
	X
	X
	This perinatal prediction model performed poorly in this cohort in Ghana
	Calibration-in-the-large coefficient, calibration slope, c-statistic
	Both internal and external validation
	543
	No specific funding for this work.
	76.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available
Available via inquiries to corresponding author
	[72]

	Malacov, et al. 2020
	Retrospective study
	Australia
	Stillbirth 
	1. Model validation
2. Model comparison
	Maternal factor
  - Maternal age
  - Parity
  - Pre-existing diabetes mellitus
  - Essential hypertension
  - Asthma
  - Obesity
  - Circulatory system disease
  - Maternal cancer history
  - Previous stillbirth
  - Previous caesarean section
  - Previous gestational diabetes
  - Previous miscarriage
  - Previous congenital anomaly
  - Parental SGA history
  - Parental preterm birth history
  - Parental congenital anomaly history
Foetal factor
  - Plurality (multiple gestation)
  - Small-for-gestational-age (birthweight <10th percentile)
  - Congenital anomaly
Clinical factor
  - Placenta praevia
  - Antepartum haemorrhage (unspecified)
  - Pre-labour rupture of membranes
  - Pre-eclampsia
  - Threatened miscarriage
  - Threatened preterm birth
  - Urinary tract infection
  - Gestational hypertension
  - Gestational diabetes
Sociodemographic factor
  - Ethnicity (Caucasian, Indigenous, Other)
  - Urbanicity (rural/urban)
  - Area-level socioeconomic status
  - Year of birth
	Health facility-based data
	✓
	✓
	✓
	The best performing model (XGBoost) predicted 45% of stillbirths for all women and 45% after including previous pregnancy history 6. This model achieved a sensitivity of 45.3% and a positive predictive value (PPV) of 4.81% at a 5% false positive rate
	Sensitivity, Positive predictive value (PPV), False positive rate
	Internal validation only
	The study population included 947,025 livebirths and 5,788 stillbirths occurring in Western Australia between 1980 and 2015
	The project was supported by the National Health and Medical Research Council, the Research Council of Norway, the Australian Research Council, the Raine Medical Research Foundation, the WA Department of Health, and the Curtin Institute for Computation
	62.5%
	D1: Low risk
D2: High risk
D3: Low risk
D4: Unclear  risk
	Not publicly available

Available via inquiries to corresponding author
	[73]

	Mastrodima, et al. 2016
	Prospective study
	United Kingdom
	Stillbirth
	1. Model development
2. Model evaluation
	Maternal factor
  - Maternal factors
  - Pregnancy-associated plasma protein-A (PAPP-A)
  - Uterine artery pulsatility index (UtA-PI)
  - Ductus venosus pulsatility index for veins (DV-PIV)
	Health facility-based data
	✓
	X
	X
	At a 10% false-positive rate, the model predicted 40% of all stillbirths and 55% of stillbirths due to impaired placentation. The detection rate for preterm stillbirth (<32 weeks) was higher than for term stillbirth (≥37 weeks) (64% vs. 42%)
	False positive rate
	Neither internal and external validation
		76,897 singleton pregnancies, which included 76,629 live births and 268 antepartum stillbirths
	The study was supported by a grant from The Fetal Medicine Foundation (Charity No: 1037116) 
	50.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not mentioned
	[74]

	Mboya I.B., et al. 2020
	Retrospective study
	Tanzania
	Perinatal death (stillbirth + early neonatal death)
	1. Determine the key predictors of perinatal deaths 
2. Model comparison (machine learning models vs logistic regression mode)
	Maternal factor
  - Maternal age
  - Anaemia / haemoglobin
  - Hypertensive disorders of pregnancy
  - Smoking / substance use
Sociodemographic factor
  - Geographic region / residence
	Population/ Registry
	✓
	✓
	✓
	20/32 var = importance variables // There
were no significant differences (p>0.05) in the AUC the ROC curve between Lreg with RF, ANN, boosting and NB.
	AUC, p-value
	Internal validation only
	42319
	GSK Africa Non-Communicable Disease Open Lab through the DELTAS Africa Sub-Saharan African Consortium for Advanced Biostatistics (SSACAB) Grant No. 107754/Z/15/Z- training programme.
	52.1%
	D1: Low risk
D2: High risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[75]

	McLachlan, et al. 2025
	Retrospective study
	United Kingdom
	Stillbirth and neonatal mortality
	Model development
	Maternal factor
  - Maternal age
  - Maternal body mass index
  - Parity
	Population/ Registry
	X
	✓
	X
	The model's predictions were compared against vignettes from other models, producing comparable results. For pre-eclampsia, the model predicted 43.25% probability versus 39% in the original study. For preterm birth, it predicted 8.715% versus 12-13% in the source paper. For survivability in pregnancies with GDM, it predicted an 84.674% live birth rate versus 82-83% in the original nomogram
	Concurrent validity
	Internal validation only
	The data encompasses 624,828 pregnancies and 624,162 live births that occurred in England and Wales during 2021
	The study was funded by the 2023 Seedcorn Funding round from the Florence Nightingale School of Nursing, Midwifery and Palliative Care (NMPC) at King's College London
	60.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is publicly accessible.
	[76]

	Mello, et al. 2025
	Retrospective study
	Brazil
	Stillbirth
	Model evaluation
	Maternal factor
  - Maternal age
  - Maternal education
  - Interpregnancy interval
  - Antenatal care visits
	Population/ Registry
	X
	✓
	X
	In the Hybrid Undersampling 2x (H2X) scenario, the XGBoost model achieved the highest specificity at 81.06%. In the Random Undersampling (RU) scenario, the Random Forest model demonstrated the highest sensitivity at 67.73%
	Specificity, sensitivity
	Internal validation only
	The initial dataset contained 231,505 records 
	The study was funded by FACEPE - Fundação de Amparo à Ciência e Tecnologia de Pernambuco 
	58.0%
	D1: Low risk
D2: High risk
D3: Low risk
D4: High risk
	The data is publicly accessible via website.
	[77]

	Meng, et al. 2025
	Retrospective study
	China
	Perinatal death (stillbirth + early neonatal death)
	1. Model development
2. Model validation
	Maternal factor
  - Maternal body mass index
  - Hypertensive disorders of pregnancy
Foetal factor
  - Gestational age
  - Birth weight
  - Umbilical artery Doppler
	Health facility-based data
	✓
	✓
	X
	The Stacking model achieved the best performance, with an Area Under the Receiver Operating Characteristic Curve (AUROC) of 0.861 in the internal test set and 0.906 in the external test set 
	AUROC
	Both internal and external validation
	total of 411 pregnancies, which were divided into a training set (n=253), an internal test set (n=108), and an external test set (n=50)
	The study received funding from the National Key Research and Development Program of China and the Beijing Municipal Health Commission
	48.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[78]

	Mengying, et al. 2024
	Retrospective study
	China
	Early death (within 30 days of operation) in neonates with gastric perforation (NGP) 
	1. Model development
2. Identify important predictors
	Clinical factor
  - Serum potassium
  - Arterial partial pressure of oxygen
  - Bicarbonate
  - Platelet count (PLT)
	Health facility-based data
	✓
	X
	X
	The nomogram model showed good predictive accuracy with an area under the curve (AUC) of 0.828, a sensitivity of 80.0%, and a specificity of 76.9%
	AUC, Sensitivity, Specificity
	Internal validation only
	111 neonates who underwent laparotomy for NGP
	The authors received no financial support for this research
	54.2%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	No information
	[79]

	Mieghem, et al. 2022
	Retrospective study
	Canada
	Foetal death
	1. Identify risk factor
2. Model development
	Foetal factor
  - Gestational age
  - Amniotic fluid / meconium
  - Plurality (singleton/multiple)
	International database
	✓
	X
	X
	AUC of 0.61 in the training set and 0.55 in the validation set (Suboptimal)
	AUC
	Internal validation only
	308 twin pregnancies (616 foetuses)
	Not mentioned
	50.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	No information
	[80]

	Monfared, et al. 2023
	Retrospective study
	Iran
	Neonatal mortality
	1. Model development
2. Model evaluation
	Foetal factor
  - Gestational age
  - Birth weight
  - APGAR score
	Health facility-based data
	✓
	✓
	X
	The XGBClassifier model demonstrated the best performance with an F1-Score of 91.50%, followed by Random Forest at 90.45% and SVM at 90.35%
	F1-score
	Internal validation only
	1,610 preterm infants born between 26 and 37 weeks of gestation
	The study received no financial support
	40.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	No information
	[81]

	Narayan, et al. 2025
	Case-control study
	India
	Foetal death
	Model comparison
	Maternal factor
  - Maternal body mass index
  - Blood pressure
Foetal factor
  - Umbilical artery Doppler
  - Amniotic fluid / meconium
	Health facility-based data
	✓
	✓
	✓
	The Random Forest model demonstrated the best performance, achieving an accuracy of 92.1%, sensitivity of 90.0%, and an Area Under the Curve (AUC) of 0.94
	AUC, Sensitivity, Accuracy
	Internal validation only
	500 pregnancies, which were divided into 250 IUFD cases and 250 matched controls
	The paper does not contain any information regarding funding sources.
	57.1%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: Low risk
	No information
	[82]

	Ngusie, et al. 2024
	Retrospective study
	26 Sub-Saharan African countries
	Stillbirth
	Model development
	Maternal factor
  - Parity
  - Antenatal care visits
	Population/ Registry
	✓
	✓
	✓
	Random forest model emerged as the top-performing machine learning algorithm, with an AUC of 0.95 and an accuracy of 88.0%. The key risk factors identified were home deliveries, lack of prenatal iron supplementation, fewer than four antenatal care (ANC) visits, short and long delivery intervals, unwanted pregnancy, primiparous mothers, and geographic location in the West African region.
	AUC, Accuracy
	Internal validation only
	139659
	No specific funding for this work.
	60.0%
	D1: Low risk
D2: High risk
D3: High risk
D4: Low risk
	The data is publicly accessible.
	[83]

	Ngwenya, et al. 2021
	Retrospective study
	Zimbabwe
	Stillbirth and neonatal mortality
	Model development
	Maternal factor
  - Maternal age
  - Anaemia / haemoglobin
Foetal factor
  - Gestational age
	Health facility-based data
	✓
	X
	X
	The model demonstrate good performance predicting advese maternal outcome withing the population, but performace poorly when do external validation. However, it showed strong discriminatory ability predicting adverse neonatal outcome in both sample and population with the AUC ROC of 0.902 (95% CI 0.876–0.927). Additionally, at a cut-off point of 0.4257, the sensitivity was 87.7%, and the specificity was 79.2%
	AUC, Sensitivity, Specificity
	Both internal and external validation
	549
	There was no funding. AEPH is supported by the National institute for Health Research (NIHR) Global Health Research Group for the Prevention of Stillbirth in Sub-Saharan Africa.
	66.7%
	D1: Low risk
D2: High risk
D3: Low risk
D4: High risk
	No information
	[84]

	Ognean, et al 2023
	Retrospective study
	Romania
	Neonatal mortality
	Model development
	Foetal factor
  - Gestational age
  - Birth weight
	Health facility-based data
	✓
	X
	X
	The MSNS-AT score showed improved mortality prediction over the SNS score, especially in preterm infants. The Area Under the Curve (AUC) for the MSNS-AT score was 0.775 for all infants and 0.885 for preterm infants 
	AUC
	Neither internal and external validation
	403 outborn infants
	The study received no specific financial support
	58.3%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[85]

	Oh, et al. 2025
	Retrospective study
	South Korea
	Neonatal mortality
	Model evaluation
	Foetal factor
  - Gestational age
  - Birth weight
  - APGAR score
	Health facility-based data
	X
	✓
	X
	The Gradient Boosting model performed best, achieving an Area Under the Curve (AUC) of 0.811 and an accuracy of 89.3% when lactate was included as a variable.

Including lactate improved the AUC across all three model
	AUC, Accuracy
	Internal validation only
	A total of 168 VLBW preterm infants were included in the analysis
	The research received no specific funding from any agency
	53.1%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[86]

	Paydar, et al. 2025
	Retrospective study
	Iran
	Spontaneous abortion 
	Model development
	Maternal factor
  - Proteinuria
  - Cholesterol / lipid panel
	Health facility-based data
	✓
	X
	X
	The best CHAID model (trained on the imbalanced dataset with feature set 9) achieved an accuracy of 93.5%, specificity of 92.9%, sensitivity of 93.8%, precision of 97%, an F-score of 0.95, and an AUC of 0.96 
	AUC, Sensitivity, Specificity, Precision
	Internal validation only
	The study included data from 149 pregnancies, with 103 resulting in live births and 46 in spontaneous abortions
	The study was funded by the Iran University of Medical Sciences (grant number 98-3-37-15724)
	53.2%
	D1: Low risk
D2: Unclear risk
D3: Unclear risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[87]

	Pepler, et al. 2012
	Retrospective study
	South Africa
	Neonatal mortality
	Model development
	Foetal factor
  - Birth weight
  - APGAR score
	Health facility-based data
	✓
	X
	X
	Mortality Model: The model had a good fit with an Area Under the Curve (AUC) of 0.8507 and a misclassification rate of 13.6% on the test data. However, its usefulness was limited by a low positive predictive value (15.4% on the training data, 16.3% on the test data).

LOS Model: The model demonstrated a good fit with a predicted R² of 0.7027 on both the training and test datasets 
	AUC, Misclassification rate, Positive predictive value (PPV)
	Both internal and external validation
	Model Development (2008 data): 2,376 infants were initially included. After exclusions, 2,307 cases were used for the mortality model

 2,216 for the LOS model 

Model Testing (2007 data): 1,578 infants were used to test the models 
	The paper does not contain information about funding sources.
	46.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	No information
	[88]

	Prins, et al. 2025
	Secondary analysis
	Netherlands
	Stillbirth and neonatal mortality
	Model development
	Foetal factor
  - Gestational age
  - Birth weight
  - Umbilical artery Doppler
  - Foetal abdominal circumference
	Health facility-based data
	✓
	X
	X
	The final prediction model, which included GA at diagnosis, EFW MoM, and UA PI MoM, achieved an area under the receiver operating characteristic curve (AUC) of 0.840
	AUC
	Internal validation only
	The final dataset for this analysis included 215 participants
	This specific post hoc analysis did not receive funding. The original Dutch STRIDER trial was funded by the Netherlands Organization for Health Research and Development 
	47.9%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	No information
	[89]

	Punyapet, et al. 2023
	Retrospective study
	Thailand
	Perinatal death (stillbirth + early neonatal death)
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal body mass index
  - Hypertensive disorders of pregnancy
Foetal factor
  - Birth weight
  - Umbilical artery Doppler
  - Amniotic fluid / meconium
	Health facility-based data
	✓
	X
	X
	The final eight-item predictive model achieved an Area Under the Curve (AUC) of 0.799 (95% CI 0.753–0.845)
	AUC
	Neither internal and external validation
	The study included 370 non-anomalous singleton pregnancies diagnosed with FGR
	Not mentioned in the paper.
	54.2%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: High risk
	The data is available via supplement material section.
	[90]

	Ramos, et al. 2025
	Retrospective study
	Brazil
	Neonatal mortality
	1. Model development
2. Model evaluation
	Maternal factor
  - Antenatal care visits
Foetal factor
  - Gestational age
  - Birth weight
  - APGAR score
	Population/ Registry
	✓
	✓
	✓
	XGBoost was the top-performing model for predicting preventable neonatal deaths, capturing 85.37% of actual preventable deaths within the top 5% of births identified as highest risk and approximately 90% at the top 10% threshold. Traditional metrics using a random split showed strong balanced accuracy (0.8353), high specificity (0.9866), moderate sensitivity (0.6840), and an F1-score of 0.3081. Temporal robustness checks further confirmed the model’s consistent performance, with slightly improved results when predicting future births.
	Specificity, sensitivity, F1-score, balanced accuracy
	Both internal and external validation
	The final dataset included 8,797,968 births, which contained 42,290 preventable neonatal deaths and 17,325 non-preventable deaths 
	The research was supported by the Getulio Vargas Foundation (FGV), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES), the California Center for Population Research at UCLA (CCPR), the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD), and Fundação Carlos Chagas Filho de Amparo à Pesquisa do Estado do Rio de Janeiro (FAPERJ)
	71.4%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Low risk
	The data is publicly accessible via DATASUS repository and website.
	[91]

	Rees, et al 2025
	Secondary analysis
	Tanzania and Liberia
	Neonatal mortality
	Model comparison
	Maternal factor
  - Maternal age
  - Maternal education
Foetal factor
  - Birth weight
	Health facility-based data
	X
	✓
	✓
	The XGBoost, Hist-Gradient Boost, and Neural Network models achieved area under the receiver operating characteristic (AUROC) curves ranging from 0.94 to 0.99.

Speciflly, the XGBoost model for neonates achieved an AUROC of 0.99 in the validation set, while the model for young children achieved an AUROC of 0.91.
	AUC
	Internal validation only
	4,243 
• Neonatal Model: 2,310 neonates (54.4% of the total sample).
• Child Model: 1,933 young children (45.6% of the total sample).
	the National Institutes of Health (K24 DK104676 and P30 DK040561 to CPD, K24 AT009893 to CRM, and K23HL173694 to CAR), the Boston Children’s Hospital Global Health Program (Grant Number N/A) to CAR, the Palfrey Fund for Child Health Advocacy (Grant Number N/A) to CAR and the Emory Pediatric Research Alliance Junior Faculty Focused Award (Grant Number N/A) to CAR.
	60.8%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Low risk
	Not publicly available

Available via inquiries to corresponding author
	[92]

	Sayeed, et al.  2024
	Retrospective study
	Bangladesh
	Neonatal mortality
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal body mass index
  - Maternal education
  - Previous adverse outcome
  - Interpregnancy interval
Sociodemographic factor
  - Geographic region / residence
	Population/ Registry
	✓
	✓
	X
	The LR model showed a higher average accuracy (0.9105) and AUC (0.6780) compared to the SVM model (accuracy=0.8470, AUC=0.5632). However, the LR model failed to predict any positive cases of infant mortality (sensitivity=0), whereas the SVM model could identify some (sensitivity=0.0949) 
	AUC, Average accuracy, Sensitivity
	Internal validation only
	26,145 infants 
	The research did not receive any specific grants from public, commercial, or non-profit funding agencies
	47.9%
	D1: Low risk
D2: Unclear risk
D3: Unclear risk
D4: High risk
	The data is publicly accessible.
	[93]

	Shao, et al. 2024
	Retrospective cohort study
	China
	Stillbirth
	1. Model development
2. Model evaluation
3. Model validation
	Maternal factor
  - Parity
  - Gravidity
  - Anaemia / haemoglobin
  - Hypertensive disorders of pregnancy
  - Infections
  - Cholesterol / lipid panel
Foetal factor
  - Gestational age
Clinical factor
  - Mode of delivery
	Health facility-based data
	✓
	X
	X
	For the predictive model of maternal adverse outcomes, the area under the curve (AUC) was 0.845. For the neonatal adverse outcomes model, the AUC was 0.685
	AUC
	Internal validation only
	A total of 713 cases were collected, with 698 groups included in the final analysis after screening
	The study did not receive any funding
	66.0%
	D1: Low risk
D2: High risk
D3: High risk
D4: High risk
	The data is included in this article.
	[94]

	Sheikhtaheri, at al. 2021
	Prospective study
	Iran
	Neonatal mortality
	1. Model development
2. Model validation
	Foetal factor
  - Gestational age
  - Birth weight
	Population/ Registry
	✓
	✓
	✓
	In the initial evaluation, the SVM and Ensemble models achieved the highest Area Under the Curve (AUC) of 0.98. The SVM model also had the best accuracy (0.94), sensitivity (0.95), and F-score (0.96) 
8
. In the prospective evaluation, the ANN, C5.0, and CHAID tree models showed the best performance 
9
. The ANN model specifically had the highest accuracy (0.86), sensitivity (0.86), F-score (0.91), and AUC (0.92) in this phase
	AUC, Sensitivity, F-measure
	Both internal and external validation
	The initial dataset for model development consisted of 1,762 neonatal records (138 deceased, 1,624 survived) .

For prospective evaluation, 92 neonates were included (18 deceased, 74 survived) 
	The research did not receive any specific grants from public, commercial, or non-profit funding agencies 
	52.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[95]

	Shukla, et al. 2020
	Prospective study
	South Asia (India and Pakistan), Africa (Democratic Republic of Congo, Zambia, and Kenya), and Latin America (Guatemala
	Stillbirth and neonatal mortality
	Model development
	Foetal factor
  - Gestational age
  - Birth weight
	International database
	X
	✓
	X
	Models using only prenatal or predelivery data had low predictive accuracy, with Area Under the Curve (AUC) values of 0.71 or less.

Models that included delivery and postdelivery data showed good predictive accuracy for neonatal mortality, with AUC values greater than 0.80
	AUC
	Internal validation only
	502 648 pregnancies
	The study was funded by grants from the Eunice Kennedy Shriver National Institute of Child Health and Human Development
	66.7%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is publicly accessible via website.
	[96]

	Silva, et al 2025
	Retrospective study
	Democratic Republic of Congo, Guatemala, Zambia, India-Belagavi, India-Nagpur, Pakistan, Kenya and Argentina
	Neonatal mortality
	Model comparison
	Maternal factor
  - Maternal age
Foetal factor
  - Gestational age
  - Birth weight
Clinical factor
  - Mode of delivery
	International database
	✓
	✓
	✓
	Algorithm for all countries
• highest predictive performance overall → AUC-ROC = 0.816
• Consistent performance for 0-7, 0-29, and 0-42 day mortality
• LightGBM (LGBM) Tuned algorithm was the best-performing algorithm
• Birth Weight and Gestational Age were identified as the most relevant predictors 
Country-specific algorithm
• Zambia = Country-specific XGB Tuned algorithm = AUC-ROC 0.801
• Guatemala = Country-specific LGBM Tuned algorithm = AUC-ROC of 0.796
• India-Belagavi = General LGBM Tuned and Country-specific LGBM = AUC-ROCs of 0.784 and 0.781
• For other countries, the generalised model outperformed the country specific ones.
Algorithm based on the country with largest sample
• LGBM algorithm achieved an AUC-ROC of 0.76 (lower than the generalised model = 0.816)
	AUC
	Internal validation only
	575664
	No specific funding
	65.3%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Unclear risk
	Not publicly available

Available via inquiries to corresponding author
	[97]

	Sylvain, et al. 2025
	Retrospective study
	Rwanda
	Stillbirth
	Model development
	Maternal factor
  - Maternal age
  - Antenatal care visits
Foetal factor
  - Gestational age
	Health facility-based data
	✓
	✓
	X
	the Random Forest model achieved an accuracy of 90.6% and an ROC-AUC score of 0.85, underscoring its effectiveness in predicting adverse outcomes. However, a recall rate of 46.5% suggests challenges in detecting all the adverse cases
	AUC, Sensitivity, Accuracy
	Internal validation only
	32,783

5,424/32,783 (16·5%) experienced adverse outcome
	This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.
	54.0%
	D1: High risk
D2: High risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[98]

	Takramah, et al. 2021
	Retrospective study
	Ghana
	Neonatal mortality
	1. Identify risk factor
2. Model comparison
	Maternal factor
  - Parity
  - Interpregnancy interval
  - Antenatal care visits
Clinical factor
  - Mode of delivery
Sociodemographic factor
  - Health insurance
  - Household size / composition
	Population/ Registry
	✓
	X
	X
	unweighted penalized single-level multivariable logistic regression model was selected as the best model for predicting neonatal mortality due to its higher Area Under the Receiver Operating Characteristic (AUC) score of 81.8% compared to 80.4% for the weighted model
	AUC
	Internal validation only
	4514
	The authors declare that this study received no outside funding.
	53.1%
	D1: Low risk
D2: Low risk
D3: High risk
D4: High risk
	The data is publicly accessible.
	[99]

	Tesfie, et al. 2024
	Retrospective study
	Ethiopia
	Neonatal mortality
	1. Model development
2. Model validation
	Foetal factor
  - Gestational age
  - Perinatal asphyxia
	Health facility-based data
	✓
	X
	X
	The nomogram demonstrated excellent performance with a discriminatory power (AUC) of 96.7%. The model was well-calibrated (p-value = 0.165) and had a Brier score of 0.07. At a cutoff point of 0.403, it achieved a sensitivity of 90.5%, specificity of 90.6%, and an overall accuracy of 90.5%
	AUC, Brier score, Sensitivity, Specificity, Overall accuracy
	Internal validation only
	603 preterm neonates with sepsis
	The study received no specific funding 
	71.1%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: Unclear risk
	Not publicly available

Available via inquiries to corresponding author
	[100]

	Thai, et al. 2025
	Retrospective study
	United States
	Gestational age at stillbirth
	1. Model development
2. Model validation
	Maternal factor
  - Maternal age
  - Maternal race / ethnicity
  - Maternal chronic conditions (claims-derived)
Foetal factor
  - Multiple gestation indicator
  - Fetal or maternal conditions identified in claims
Clinical factor
  - First trimester ultrasound
  - Obstetric panel
  - Alpha-fetoprotein test
  - Nuchal translucency ultrasound
  - Amenorrhoea record
  - Fertility procedures
  - Other prenatal screening tests (9 selected)
  - Gestational age ICD-9-CM diagnosis codes
  - Prenatal care procedure codes
Sociodemographic factor
  - Maternal county or zip code
  - Year of stillbirth delivery
	Population/ Registry
	✓
	✓
	X
	A random forest model was identified as the superior algorithm. In the primary sample, it achieved an MSE of 12.67 weeks² and correctly estimated 84% of gestational ages within ±4 weeks of the gold standard.
	Mean Square Error (MSE), Proportional Accuracy
	Both internal and external validation
	825 stillbirths from the linked MAX-FDR data 
	The study was funded by contracts from the US Food and Drug Administration 
	70.2%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is not publicly available. 
	[101]

	Triggs, et al. 2025
	Retrospective study
	Australia
	Stillbirth
	Model development
	Maternal factor
  - Maternal body mass index
  - Hypertensive disorders of pregnancy
  - Smoking / substance use
Foetal factor
  - Birth weight
	Population/ Registry
	✓
	X
	X
	Harrell’s C-statistics = 0.685 
Testing cohorts = 0.689
(0.60 to 0.75 possibly helpful discrimination)
	C-statistic
	Internal validation only
	259,378 infants
	National Health and Medical Research Council
Mater Foundation, Royal 
Australian College of Obstetricians and Gynaecologists Women’s Health Foundation – Norman Beischer 
Clinical Research Scholarship
Cerebral Palsy Alliance
University of Queensland Research Scholarship
	58.0%
	D1: Low risk
D2: High risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[102]

	Wang, et al. 2024
	Retrospective study
	China
	Stillbirth
	1. Model development for adverse outcomes
2. Use the model to identify influencing factors
	Maternal factor
  - Maternal age
Clinical factor
- positive HCG, 
- hematoma duration, 
- CA125, 
- gestational sac diameter, 
- fibrinogen
	Health facility-based data
	✓
	✓
	X
	Logistic Regression and XGBoost models achieved Area Under the Curve (AUC) scores of 0.858 and 0.916
	AUC
	Internal validation only
	302 pregnant women with SCH, with 291 cases being included in the final analysis
	The study received financial support from the Science and Technology Bureau of Guilin, Guangxi, China
	44.9%
	D1: Low risk
D2: High risk
D3: Unclear risk
D4: High risk
	No information
	[103]

	Wu, et al. 2019
	Retrospective study
	Shanghai
	Stillbirth and neonatal mortality
	Model development
	Clinical factor
  - Unplanned pregnancies
  - C₃ hypocomplementemia
  - 24-hour urinary protein level
	Health facility-based data
	✓
	X
	X
	The model demonstrated good fit and discrimination, with a Hosmer-Lemeshow test p=0.325, Omnibus test p<0.001, and an Area Under the Curve (AUC) of 0.829 
8
. The corresponding risk score classification had a sensitivity of 60.5% and a specificity of 93.3% at the best cut-off point
	AUC, Sensitivity, Specificity, p-value
	Internal validation only
	338 pregnancies with SLE
	The study was supported by the Shanghai Municipal Commission of Health and Family Planning (Grant nos. 2017ZZ02016 and 15GWZK0701)
	56.3%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	The data is not publicly available. 
	[104]

	Yehuala, et al. 2025
	Retrospective study
	Sub-Saharan Africa countries
	Stillbirth
	1. Model development
2. Identify important predictors
	Maternal factor
  - Maternal age
  - Parity
  - Previous adverse outcome
Sociodemographic factor
  - Socioeconomic status
  - Marital status
  - Geographic region / residence
	Population/ Registry
	X
	✓
	X
	Random Forest model performed the best in predicting pregnancy loss, achieving an accuracy of 98%, precision of 98%, F-measure of 83%, ROC curve of 94%, and recall of 77%. The Gaussian model had the lowest classification accuracy. // The critical predictors of pregnancy loss in Sub-Saharan African countries were found to be: 
• Marital status
• Parity
• Contraceptive use
• Wealth status
• Place of residence
• Birth order
• Maternal age
• Reading newspapers
• Listening to the radio
• Watching TV
• Weight
• Independence
	ROC, Accuracy, Precision, F-measure, Sensitivity
	Internal validation only
	425810
	The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
	51.0%
	D1: Low risk
D2: High risk
D3: High risk
D4: Low risk
	The data is publicly accessible.
	[105]

	Yerlikaya, et al. 2016
	Prospective screening study
	United Kingdom
	Stillbirth
	1. Model development
2. Evaluate screening performance for all stillbirths and by cause (impaired placentation vs unexplained)
	Maternal factor
- Maternal age
- Maternal weight
- Parity
- Previous stillbirth
- Cigarette smoking
- Chronic hypertension
- Systemic lupus erythematosus / antiphospholipid syndrome
- Diabetes mellitus
Clinical factor
- Assisted conception
Sociodemographic factor
- Afro-Caribbean racial origin
	Health facility-based data
	✓
	X
	X
	An updated multivariable logistic regression model based on maternal characteristics and medical history predicted 29.0% of all stillbirths at a 10% false-positive rate (AUC 0.642, 95% CI 0.612-0.672). Detection was higher for stillbirths due to impaired placentation (31.3%) than for unexplained stillbirths (25.9%).
	AUC, Detection rate, False positive rate
	Neither internal nor external validation; the model was derived and tested on the same dataset (apparent performance). The previously published 2011 model was separately examined in a subsequent cohort of 79,559 pregnancies
	113,415 singleton pregnancies (113,019 live births, 396 antepartum stillbirths)
	The Fetal Medicine Foundation (Charity No: 1037116)
	46.2%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: High risk
	Supporting information (Table S1) available in the online version of the article
	[106]

	Yin, et al. 2024
	Retrospective study
	China
	Intrauterine Foetal Demise
	1. Model development
2. Model validation
	Clinical factor
  - Mode of delivery
	Health facility-based data
	✓
	X
	X
	The model showed good predictive ability with a concordance index (C-index) of 0.859 in the internal validation set and 0.776 in the external validation set for predicting  Termination of Pregnancy(TOP).
	C-index
	Both internal and external validation
	The study included 301 pregnancies in the training cohort and 321 pregnancies in the external validation cohort 
	The study was funded by the Research and Development Fund of Peking University People's Hospital (grant no. RDJP2022-53)
	62.0%
	D1: Low risk
D2: Unclear risk
D3: Unclear risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[107]

	Young, et al. 2023
	Retrospective study
	Canada, Austria and Germany
	Stillbirth
	Model development
	Maternal factor
  - Maternal body mass index
  - Parity
  - Gravidity
	International database
	X
	✓
	X
	The Random Forest model achieved the best performance, with an overall accuracy of 89.0%, an AUC of 0.90 (95% CI 0.83-0.95), a recall of 0.85, a precision of 0.94, and an F1 score of 0.89
	AUC, Sensitivity, Precision, Accuracy 
	Internal validation only
	1501 cases (3 countries, CRONOS dataset n=1,402 plus a Canadian dataset n=99)
	The research was funded by the Natural Sciences and Engineering Research Council (NSERC)-Alliance COVID-19 grant
	62.0%
	D1: Low risk
D2: Low risk
D3: High risk
D4: High risk
	Not publicly available (requires institution)
	[108]

	Zhang, et al. 2023
	Retrospective study
	states of the United States, Puerto Rico, the Virgin Islands, and Guam
	Neonatal mortality
	1. Model development
2. Model validation
	Maternal factor
  - Antenatal care visits
Foetal factor
  - Gestational age
  - Birth weight
  - APGAR score
	Population/ Registry
	✓
	✓
	✓
	The XGBoost model achieved an Area Under the Curve (AUC) of 0.93 for predicting infant death and an AUC of 0.98 for predicting neonatal death
	AUC
	Both internal and external validation
	The study included 22,669,736 live births and 116,309 infant deaths that occurred between 2016 and 2021
	The study was partially supported by the National Science Foundation (NSF) under grant DGE-1922591
	68.1%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Low risk
	The data is publicly accessible.
	[109]

	Zhao, et al. 2025
	Prospective study
	Shanghai
	Perinatal death (stillbirth + early neonatal death)
	1. Model development
2. Model evaluation
	Foetal factor
  - Umbilical artery Doppler
  - Doppler (non-umbilical)
	Health facility-based data
	✓
	X
	X
	The model showed good predictive ability, with an area under the receiver-operating-characteristics curve (AUC) of 0.87 in the training cohort and 0.86 in the validation cohort. Calibration plots and decision curve analysis also supported the model's performance and clinical utility.
	AUC
	Internal validation only
	122 pregnancies
	The study was supported by the National Science Fund of Shanghai, China (No. 22ZR1409000) and the Medical Innovation Research Program of Shanghai, China (No. 21Y11908000)
	62.0%
	D1: Low risk
D2: Low risk
D3: High risk
D4: High risk
	The data is available via supplement material section.
	[110]

	Zheng, et al. 2022
	Retrospective study
	China
	Stillbirth and neonatal mortality
	Model comparison
	Maternal factor
  - Albumin
  - Cholesterol / lipid panel
Foetal factor
  - Birth weight
  - APGAR score
	Health facility-based data
	✓
	✓
	X
	Random Forest (RF) and MLP were the top models (AUC = 0.967 for both). RF was also the best model for data without imputation (AUC = 0.959)
	AUC
	Internal validation only
	733 women
diagnosed with preeclampsia
	Not mentioned
	52.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Not publicly available

Available via inquiries to corresponding author
	[111]

	Zimmerman, et al. 2025
	Secondary analysis
	United States
	Perinatal death (stillbirth + early neonatal death)
	1. Model development
2. Model comparison
	Maternal factor
  - Hypertensive disorders of pregnancy
  - Diabetes / GDM
  - Blood pressure
Foetal factor
  - Gestational age
  - APGAR score
	Health facility-based data
	✓
	X
	✓
	In the validation cohort, the PGM achieved an Area Under the Curve (AUC) of 0.83 (95% CI 0.79–0.87), demonstrating good performance. This was similar to the performance of the logistic regression model, which had an AUC of 0.83 (95% CI 0.79-0.87)
	AUC
	Both internal and external validation
	 9,558 participants. The data was split into a derivation cohort of 7,645 (80%) and a validation cohort of 1,912 (20%)
	The study was funded by the NICHD, the R Baby Foundation, and the One Utah Data Science Hub Seed Grant Program
	46.0%
	D1: Low risk
D2: High risk
D3: Unclear risk
D4: High risk
	Not publicly available (requires institution)
	[112]

	Mengstie, et al 2025
	Retrospective study
	Ethiopia
	Neonatal mortality
	Model development
	Maternal factor
  - Previous adverse outcome
  - Interpregnancy interval
Foetal factor
  - Plurality (singleton/multiple)
Sociodemographic factor
  - Socioeconomic status
  - Geographic region / residence
  - Household size / composition
	Single country, population level data
	✓
	✓
	X
	CatBoost achieved the highest results: 97.5% accuracy, 97.52% precision, 97.5% recall, and 99.57% ROC-AUC 
	AUROC, Accuracy, Precision, Sensitivity
	Internal validation only
	29,048 instances (Ethiopia DHS 2000-2019)
	The study received no financial support
	49.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Low risk
	
	[113]

	Akolekar, et al. 2011
	Prospective screening study
	United Kingdom
	Stillbirth (and miscarriage)
	1. Model development
2. Quantify procedure-related risk of CVS
	Maternal factor
- Maternal age
- Maternal weight
- Maternal height
- Parity
- Previous miscarriage
- Previous stillbirth
- Chronic hypertension
- Pre-existing diabetes mellitus
- Smoking / substance use
- Pregnancy-associated plasma protein-A (PAPP-A)
Foetal factor
- Nuchal translucency
- Ductus venosus flow (reversed A-wave)
Clinical factor
- Assisted conception (ovulation-induction drugs)
Sociodemographic factor
- African racial origin
	Health facility-based data
	✓
	X
	X
	Models combining maternal characteristics, nuchal translucency, PAPP-A and ductus venosus flow detected 36.9% of miscarriages and 35.2% of stillbirths at a 10% false-positive rate. Shrinkage factors for miscarriage and stillbirth were 0.97 and 0.91, respectively.
	Detection rate, False positive rate
	Internal validation only
	33,856 singleton pregnancies (404 miscarriages, 142 stillbirths)
	Not stated in the article
	50.0%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: High risk
	Supporting information available in the online version of the article
	[114]

	Akolekar, et al. 2016
	Prospective screening study
	United Kingdom
	Stillbirth
	1. Model development
2. Compare with screening by UtA-PI alone
	Maternal factor
- Maternal age
- Maternal weight
- Parity
- Previous adverse outcome
- Smoking / substance use
Foetal factor
- Fetal head circumference
- Fetal abdominal circumference
- Femur length
Clinical factor
- Uterine artery pulsatility index (UtA-PI)
- Assisted conception (ovulation drugs)
Sociodemographic factor
- Racial origin (Afro-Caribbean, South Asian)
	Health facility-based data
	✓
	X
	X
	A model combining maternal factors, fetal biometry and UtA-PI predicted 55% of all stillbirths, 75% of those due to impaired placentation and 23% of those unexplained or due to other causes, at a 10% false-positive rate. The area under the curve for all stillbirths was 0.748 (95% CI 0.711-0.785).
	AUC, Detection rate, False positive rate
	Neither internal nor external validation
	70,003 singleton pregnancies (69,735 live births, 268 antepartum stillbirths)
	Not stated in the article
	50.0%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: High risk
	Not stated
	[115]

	Awor, et al. 2022
	Prospective cohort study
	Uganda
	Stillbirth
	1. Identify predictors of stillbirth
2. Model development
	Maternal factor
- Previous adverse outcome (history of abortion)
- Hypertensive disorders of pregnancy (history of pre-eclampsia)
- Anaemia / haemoglobin
Clinical factor
- Bilateral uterine artery end-diastolic notch
	Health facility-based data
	✓
	X
	X
	Six logistic regression models were built on ROSE-balanced data. The model AUC ranged from 66.8% to 75.0%, with accuracies of 63.9% to 68.1%. The best model achieved an AUC of 75.0% with 68.1% accuracy, 69.1% sensitivity and 67.1% specificity.
	AUC, Accuracy, Sensitivity, Specificity
	Internal validation only
	1,285 pregnant mothers recruited at 16-24 weeks (25 stillbirths; incidence 2.5%)
	Funded through a PhD project supported by the Swedish International Development Cooperation Agency
	50.0%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: High risk
	Available via inquiries to corresponding author
	[116]

	Trudell, et al. 2017
	Retrospective cohort study
	United States
	Stillbirth
	Model development
	Maternal factor
- Maternal age
- Maternal body mass index (class III obesity)
- Parity (nulliparity)
- Chronic hypertension
- Pre-gestational diabetes mellitus
- Smoking / substance use
Sociodemographic factor
- Black race
	Health facility-based data
	✓
	X
	X
	The stillbirth risk calculator and simple risk score showed modest discrimination. There was no difference in overall performance between the tools: AUC 0.66 (95% CI 0.60-0.72) for the calculator and AUC 0.64 (95% CI 0.58-0.70) for the score.
	AUC
	Internal validation only
	64,173 women met inclusion criteria (464 stillbirths)
	Not stated in the article
	62.5% 
	D1: Low risk
D2: Low risk
D3: Low risk
D4: High risk
	Supporting information available
	[117]

	Housseine, et al. 2022
	Prospective cohort study
	Tanzania
	Perinatal death (stillbirth + neonatal death)
	1. External validation of an existing model
2. Development of a new model
	Maternal factor
- Maternal age
- Parity
- Antenatal care visits
- Co-existing medical conditions
Foetal factor
- Gestational age
- Foetal presentation
Clinical factor
- Prolonged rupture of membranes
	Health facility-based data
	✓
	X
	X
	The existing six-predictor model showed poor discrimination (c-statistic 0.57). The new 15-predictor model showed promising performance after internal validation (optimism-adjusted c-statistic 0.78; optimism-adjusted calibration slope 0.94).
	C-statistic, Calibration slope
	Both internal and external validation
	5,747 mother-baby pairs analysed
	Laerdal Foundation, Otto Kranendonk Fund and UMC Global Health Fellowship
	76.5%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: Low risk
	De-identified participant data available upon request
	[118]

	Kayode, et al. 2016
	Retrospective cohort study
	Nigeria
	Stillbirth
	Model development
	Maternal factor
- Maternal comorbidity
- Parity
Foetal factor
- Foetal presentation
- Foetal growth rate (extended model)
Clinical factor
- Bleeding in pregnancy
Sociodemographic factor
- Place of residence
- Maternal occupation
	Health facility-based data
	✓
	X
	X
	Both basic and extended models showed excellent calibration and discrimination after internal validation. The basic model C-statistic was 0.80 (95% CI 0.78-0.83) and the extended model, adding foetal growth rate, was 0.82 (95% CI 0.80-0.85).
	C-statistic
	Internal validation only
	6,573 pregnant women (January 2010 to December 2013)
	Netherlands Organization for Scientific Research / WOTRO Science for Development (Grant 07.45.102.00)
	64.0%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: Low risk
	Available from the authors
	[119]

	Muin, et al. 2022
	Retrospective case-control study
	Austria
	Stillbirth (intrauterine foetal death)
	Model evaluation (Fetal Medicine Foundation calculator)
	Maternal factor
- Maternal age
- Maternal weight
- Maternal body mass index
- Parity
- Previous stillbirth
- Chronic hypertension
- Type 2 diabetes mellitus
- Antiphospholipid syndrome
- Smoking / substance use
Clinical factor
- Assisted conception (method of conception)
Sociodemographic factor
- Racial origin
	Health facility-based data
	✓
	X
	X
	ROC analysis of the demographic FMF Stillbirth Risk Calculator yielded an AUC of 0.72 (95% CI 0.67-0.78) for predicting antepartum stillbirth. At a cut-off of 0.34%, sensitivity was 57.6% and specificity 81.8%.
	AUC, Sensitivity, Specificity
	External validation only
	391 women (144 intrauterine foetal deaths, 247 live-birth controls)
	Not stated in the article
	65.2%
	D1: Low risk
D2: High risk
D3: Low risk
D4: High risk
	Minimal data set available in supporting information
	[120]

	Payne, et al. 2015
	Secondary analysis
	Brazil, Fiji, Pakistan and South Africa (miniPIERS, five low-resourced countries)
	Perinatal death (stillbirth + neonatal death)
	1. Model development
2. Internal validation
	Maternal factor
- Maternal age
Clinical factor
- Count of symptoms (0, 1 or ≥2)
- Dipstick proteinuria
	Health facility-based data
	✓
	X
	X
	A logistic regression model including maternal age, a count of symptoms and dipstick proteinuria achieved an area under the receiver operating characteristic curve of 0.75 (95% CI 0.71-0.80) and correctly identified 42 of 110 (38.2%) additional high-risk cases.
	AUC
	Internal validation only
	1,688 women with a hypertensive disorder of pregnancy (110 [6.5%] perinatal deaths), from a total cohort of 2,081
	Bill & Melinda Gates Foundation
	66.7%
	D1: Low risk
D2: Low risk
D3: Unclear risk
D4: High risk
	Not stated
	[121]

	Schuit, et al. 2012
	Retrospective registry-based study
	Netherlands
	Stillbirth and neonatal death (very preterm infants)
	External validation of two existing prognostic models
	Foetal factor
- Gestational age
- Birth weight
- Sex
- Plurality
- APGAR score (5 min)
- Congenital malformation
	Population / Registry
	✓
	X
	X
	Both models showed good calibration. The model for infants alive at the onset of labour showed excellent discrimination (c-statistic 0.92) and the model for infants admitted for neonatal intensive care showed good discrimination (c-statistic 0.82).
	C-statistic
	External validation only
	17,582 infants alive at onset of labour (2,939 [16.7%] died); 11,578 admitted for neonatal intensive care (908 [7.8%] died)
	Not stated in the article
	51.0%
	D1: Low risk
D2: Low risk
D3: Low risk
D4: Unclear risk
	Not stated
	[122]





Table S4: Named predictors across all included studies (n=93 studies)
	No.
	Named predictor
	All studies (n=93)
	SSA (n=26)
	Non-SSA (n=67)
	SB only (n=43)
	ND only (n=30)
	Both (n=20)

	1
	Gestational age
	31
	8
	23
	9
	14
	8

	2
	Maternal age
	31
	14
	17
	19
	5
	7

	3
	Birth weight
	26
	7
	19
	5
	14
	7

	4
	Maternal body mass index
	18
	1
	17
	13
	2
	3

	5
	Hypertensive disorders of pregnancy
	19
	3
	16
	13
	1
	5

	6
	Parity
	16
	7
	9
	12
	1
	3

	7
	APGAR score
	12
	3
	9
	–
	9
	3

	8
	Maternal education
	10
	4
	6
	6
	3
	1

	9
	Umbilical artery Doppler
	8
	–
	8
	3
	1
	4

	10
	Geographic region / residence
	7
	5
	2
	2
	3
	2

	11
	Anaemia / haemoglobin
	8
	6
	2
	5
	–
	3

	12
	Gravidity
	7
	3
	4
	5
	2
	–

	13
	Previous adverse outcome
	11
	5
	6
	9
	2
	–

	14
	Socioeconomic status
	6
	3
	3
	3
	1
	2

	15
	Interpregnancy interval
	6
	3
	3
	1
	4
	1

	16
	Antenatal care visits
	8
	5
	3
	4
	3
	1

	17
	Infections
	6
	1
	5
	5
	1
	–

	18
	Diabetes / GDM
	9
	–
	9
	8
	–
	1

	19
	Blood pressure
	5
	1
	4
	2
	1
	2

	20
	Smoking / substance use
	9
	2
	7
	7
	–
	2

	21
	Mode of delivery
	4
	2
	2
	2
	2
	–

	22
	Cholesterol / lipid panel
	4
	–
	4
	3
	–
	1

	23
	Amniotic fluid / meconium
	4
	1
	3
	2
	1
	1

	24
	Marital status
	3
	3
	–
	2
	–
	1

	25
	Perinatal asphyxia
	3
	3
	–
	–
	3
	–

	26
	Plurality (singleton/multiple)
	5
	2
	3
	2
	2
	1

	27
	Foetal heart rate / CTG
	3
	2
	1
	2
	–
	1

	28
	Doppler (non-umbilical)
	5
	–
	5
	3
	–
	2

	29
	Proteinuria
	3
	2
	1
	1
	–
	2

	30
	Health insurance
	2
	2
	–
	–
	1
	1

	31
	Albumin
	2
	–
	2
	–
	1
	1

	32
	Household size / composition
	2
	2
	–
	–
	2
	–

	33
	Foetal abdominal circumference
	3
	–
	3
	2
	–
	1

	34
	Maternal height
	2
	–
	2
	2
	–
	–

	Number of studies reporting each predictor, with each study counted once per predictor. Values are study counts only; no percentages are shown. Counts were derived using the Pred_* regex vocabulary applied to Predictors_text.



Table S5: AUC distribution by stratum, model family group, and stratum × outcome (n=77 studies reporting a discrimination metric)
	Group
	n
	Median
	IQR
	Range

	Overall
	 
	 
	 
	 

	All studies with AUC reported
	77
	0.860
	0.800 to 0.950
	0.610 to 0.996

	By stratum
	
	
	
	

	SSA
	21
	0.851
	0.816 to 0.950
	0.750 to 0.996

	Non-SSA
	56
	0.863
	0.794 to 0.935
	0.610 to 0.992

	By stratum × outcome
	
	
	
	

	Stillbirth only, SSA
	9
	0.900
	0.842 to 0.950
	0.750 to 0.982

	Stillbirth only, non-SSA
	27
	0.851
	0.725 to 0.928
	0.610 to 0.992

	Neonatal death only, SSA
	7
	0.851
	0.817 to 0.978
	0.796 to 0.996

	Neonatal death only, non-SSA
	18
	0.887
	0.829 to 0.962
	0.678 to 0.984

	Both stillbirth and neonatal death, SSA
	5
	0.800
	0.780 to 0.902
	0.750 to 0.970

	Both stillbirth and neonatal death, non-SSA
	11
	0.840
	0.814 to 0.913
	0.710 to 0.990

	By model family group
	
	
	
	

	Classical only
	39
	0.828
	0.749 to 0.893
	0.610 to 0.992

	Hybrid (Classical + ML/AI)
	25
	0.900
	0.830 to 0.967
	0.678 to 0.996

	ML or AI only (not classical arm)
	13
	0.940
	0.900 to 0.980
	0.800 to 0.990

	AUC values represent the highest reported discrimination per study (best AUC, AUROC or C-statistic). IQR is reported as Q1 to Q3. Model family group collapses the seven mutually-exclusive Table 1 categories into three: classical-only (n=39); hybrid (Classical + ML, Classical + ML + AI, Classical + AI; n=25); and no-classical-arm (ML only, AI only, ML + AI; n=13). Sixteen of the 93 included studies did not report a discrimination metric and are not represented here



Table S6. Best-reported AUC by model family, region and outcome, with details of the top-performing model in each cell (n = 77 of 93 included studies reporting a discrimination metric).
	Model family
	Region
	Outcome
	n
	Median
	Range
	Best AUC
	Best-performing model (algorithm, predictors, sample, validation, performance)
	Refs

	Classical only
	SSA
	Stillbirth only
	2
	0.785
	0.750–0.820
	0.820
	Multivariable logistic regression (basic and extended antenatal models) for stillbirth. Predictors retained in the extended model: maternal age, parity, previous stillbirth, maternal education, antenatal-care attendance, hypertensive disorders in pregnancy, antepartum haemorrhage, multiple pregnancy, gestational age at delivery and birth weight. Sample: 6,573 pregnant women, Federal Medical Centre Bida, Nigeria (Kayode et al. 2016). Validation: internal only (bootstrap; calibration assessed). Performance: extended-model c-statistic 0.82 (basic model 0.80); good calibration reported. Awor et al. 2022 (Uganda) reported a community-level logistic-regression screening tool with AUC 0.75.
	[120*, 116]

	
	
	Neonatal death only
	4
	0.834
	0.796–0.967
	0.967
	Logistic-regression nomogram (LASSO with 10-fold CV for variable selection, then multivariable LR with backwards likelihood-ratio reduction at p<0.15) for in-hospital mortality among preterm neonates with sepsis. Predictors retained in final model: gestational age, preterm premature rupture of membrane, hypoglycaemia, respiratory distress syndrome, perinatal asphyxia, necrotising enterocolitis, total bilirubin, platelet count, kangaroo-mother care. Sample: 603 preterm neonates with sepsis, University of Gondar Comprehensive Specialized Hospital, Ethiopia (Tesfie et al. 2024). Validation: internal only (1,000 bootstrap resamples; reported zero optimism between apparent and bootstrap-corrected performance). Performance: AUC 0.967; sensitivity 90.5%, specificity 90.6%, accuracy 90.5% at cut-off 0.403; Brier 0.07; Hosmer–Lemeshow p = 0.165.
	[100*, 88, 99, 30]

	
	
	Both
	3
	.0.780
	0.750–0.902.
	0.902
	Multivariable logistic regression (separate maternal-outcome and neonatal-outcome models) internally and externally validated. Predictors retained in adverse-neonatal-outcome model: maternal age, parity, gestational age on admission, booked status, systolic BP ≥201 mmHg, diastolic BP ≥151 mmHg, dipstick proteinuria ≥2+, platelet count 0–49 ×10⁹/L, ALT ≥226 IU/L. Sample: 549 women with severe pre-eclampsia, Mpilo Central Hospital, Bulawayo, Zimbabwe (Ngwenya et al. 2021). Validation: bootstrap internal validation + population-level external reweighting. Performance: AUROC 0.902 (95% CI 0.876–0.927); sensitivity 87.7%, specificity 79.2% at cut-off 0.4257
	[84*, 120, 122]


	
	Non-SSA
	Stillbirth only
	16
	.0.784
	0.610–0.992
	.0.992
	First-trimester combined microRNA screening (binary logistic regression). Predictors: 6 plasma microRNAs measured at 10–13 weeks (miR-181a-5p, miR-20a-5p, miR-146a-5p, miR-574-3p, miR-1-3p, miR-16-5p); maternal clinical characteristics were not added because the miRNA-only model already achieved high detection. Sample: 6,440 singleton pregnancies, Czech Republic (Hromadnikova et al. 2024, Front Cell Dev. Validation: internal (logistic regression on the singleton-pregnancy cohort). Performance for stillbirth: AUC 0.967 (95% CI 0.912–0.992); detection rate 91.67% at 10% FPR; specificity 100.00% (95% CI 95.5–100.0). 
	[59*, 34, 58, 87, 54, 107, 94, 61, 115, 119, 37, 102, 120, 35, 106, 80, 121]

	
	
	Neonatal death only
	7
	0.830
	0.737–0.903
	0.903
	Multivariable binary logistic regression (forward selection) for 1-year mortality in neonatal cholestasis. Predictors retained: 7 routinely available laboratory indices — platelet count, prothrombin time (PT INR), aspartate aminotransferase (AST), albumin, direct bilirubin, creatinine, C-reactive protein. Sample: 4,028 neonates with direct bilirubin >1.0 mg/dL enrolled (398 [9.9%] died <1 year); 2,661-neonate complete-case subset (without missing PT INR) used as main reference for development; n=920 from 2 other South Korean centres for external validation (Choi et al. 2022). Validation: internal (bootstrap and split-sample) + external (independent two-centre cohort). Performance: development AUC 0.916; external validation AUC 0.903; calibration slope 1.04; Brier 0.072.
	[46*, 85, 60, 57, 79, 56, 71]

	
	
	Both
	6
	0.840
	0.710–0.990
	0.990
	Multivariable logistic regression for adverse maternal and perinatal outcomes after major trauma in pregnancy. Predictors retained in maternal model: Injury Severity Score (ISS) — binary at cut-off ≥8; gestational age (in the perinatal models). Sample: 119 pregnant trauma patients admitted to one of 2 level-1 trauma centres, USA (Dalton et al. 2023). Validation: not externally validated (single-cohort retrospective analysis). Performance: maternal AUC 0.990 (±0.006); ISS ≥8 sensitivity 96.8%, specificity 92.0%. (Short-term perinatal AUC 0.755 with ISS ≥3; long-term perinatal AUC 0.763 with ISS ≥2.)
	[49*, 110, 89, 104, 90, 52]

	Classical + ML
	SSA
	Stillbirth only
	2
	0.846
	0.842–0.850
	0.850
	Random forest (best of 6 models: LR, DT, SVM, GB, RF, MLP) for composite adverse pregnancy outcome. Predictors: socioeconomic status (occupation, insurance), health status (Hep B, Hep C, HIV), reproductive health (number of pregnancies, live births, abortions, preterm deliveries, gestational age), pregnancy/delivery (vital signs, mode of delivery, laboratory measures); features finalised after MICE imputation for numerical and KNN for categorical missingness. Sample: 32,783 women (after exclusions from 117,069) across 25 hospitals in Rwanda, EMR data 2020–2023; 5,424 (16.5%) had adverse pregnancy outcome — a binary composite of adverse outcomes in mother and/or newborn (Sylvain 2025). Validation: internal only (10-fold cross-validation on training set; 70/30 hold-out split for evaluation). Performance: ROC-AUC 0.850; accuracy 90.6%; recall 46.5%. Note: outcome is a composite of maternal and newborn adverse events, not stillbirth-only; the cell categorisation should be reviewed.
	[98*, 68]

	
	
	Neonatal death only
	1
	0.996
	0.996
	0.996
	CatBoost ensemble (best of 6 models: RF, GB, XGBoost, LightGBM, CatBoost, LR) for neonatal mortality in rural Ethiopia. Predictors retained: 22 features selected by step-backward wrapper from 50 candidates — demographic/socio-economic (b0 twin status, b11 preceding birth interval, bord birth order, v024 region, v113 drinking-water source, v137 number of under-fives in household, v152 household-head age, v190 wealth index, v201 total children ever born, v218 living children); maternal-health (m45 iron tablets in pregnancy, m42e blood samples, m42d urine samples); child-health (h2 BCG, h0 polio, h10 ever vaccinated, h11 recent diarrhoea, h33 Vitamin A, hw57 anaemia, m18 birth size); household (v426 timing of breastfeeding initiation, v717 occupation of household head). Sample: 22,229 EDHS records (rural Ethiopia, 2000–2019) balanced to 29,048 with SMOTE; 14,524 alive vs 7,705 dead before SMOTE (Mengstie & Telake 2025). Validation: internal only — 80/20 train–test split (18,590 train / 4,648 validation / 5,810 test); GridSearchCV (CatBoost depth 10, learning rate 0.03, iterations 700); SHAP for explainability. Performance: AUC 0.9957; accuracy 97.5%; precision 97.52%; recall 97.5%; F1 97.5%.
	[113*]

	
	Non-SSA
	Stillbirth only
	5
	0.860
	0.730–0.916
	0.916
	XGBoost (best of LR and XGBoost) for stillbirth or miscarriage in subchorionic-haematoma cohort. Predictors retained: first positive HCG level, hematoma duration, CA125 level, gestational sac diameter, fibrinogen level, spouse age. Sample: 302 pregnant women with subchorionic haematoma (291 retained for final analysis), Guilin People’s Hospital, China (Wang et al. 2024). Validation: internal only (train–test split on single cohort). Performance: AUC 0.916 (XGBoost) vs 0.858 (logistic regression).
	[103*, 64, 67, 70, 41]

	
	
	Neonatal death only
	2
	0.784
	0.678–0.890
	0.890
	Superlearner ensemble (14-algorithm library: LASSO/ridge/elastic-net LR, GAM, CART variants, random forest variants) for 30-day postoperative neonatal-surgical mortality. Predictors: 68 candidate variables expanded to 284 binary indicators (CPT-code procedures + ICD-9 congenital anomaly codes); refined to 57 most-predictive variables associated with mortality at p<0.01 in bivariate analysis. Sample: 6,499 development (ACS-NSQIP-Pediatric 2012–2013, 232 [3.57%] deaths) + 3,552 external-validation neonates (ACS-NSQIP-P 2014), USA/Canada (Cooper et al. 2018). Validation: internal (10-fold cross-validated AUROC) + external (independent calendar-year cohort). Performance: development CV-AUROC 0.91 (95% CI 0.89–0.93); external validation AUROC 0.89; Cox calibration test p=0.63 in validation.
	[48*, 93]

	
	
	Both
	3
	0.906
	0.780–0.967
	0.967
	Logistic regression for adverse neonatal outcome in pre-eclampsia cohort (best discriminator under imputation). Predictors selected for adverse-neonatal-outcome model: top variables identified by feature-selection processes in source paper (e.g. amniotic fluid index among others; full list in source paper). Sample: 733 women with pre-eclampsia, Second Affiliated Hospital of Dalian Medical University and Shengjing Hospital of China Medical University (Zheng et al. 2022). Validation: internal only (split-sample, with and without imputation comparison). Performance for adverse neonatal outcomes: Logistic Regression AUC 0.925, sensitivity 78.2%, specificity 87.3%, PPV 77.2%, NPV 87.9% (with imputation). RF and MLP AUC 0.967” for the LOW-BIRTH-WEIGHT related outcomes (RF and MLP tied). For adverse neonatal outcomes specifically, LR is the best model at AUC 0.925. SVM AUC 0.976 is for adverse maternal outcomes.
	[111*, 78, 51]

	Classical + ML + AI
	SSA
	Stillbirth only
	2
	0.925
	0.900–0.950
	0.950
	Random forest (best of 10 ML algorithms with grid-search hyperparameter optimisation) for adverse birth outcomes from DHS. Predictors: 28 DHS variables; key risk factors identified by SHAP — home delivery, no antenatal iron supplementation, <4 ANC visits, short or long birth intervals, unwanted pregnancy, primiparity, geographic location in West African region. Sample: 139,659 women of childbearing age (within 5 years of delivery) from 26 sub-Saharan African DHS country surveys; 28.59% (95% CI 28.36–28.83) had adverse birth outcome (Ngusie et al. 2024). Validation: internal only (80/20 train–test split; hyperparameter tuning via grid search, random search and Bayesian optimisation). Performance: RF AUC 0.95; accuracy 88.0%.
	[83*, 31]

	
	
	Neonatal death only
	1
	0.816
	0.816
	0.816
	Generalised LightGBM (best of 6 algorithms: AdaBoost, XGBoost, CatBoost, LightGBM, Random Forest, Logistic Regression) trained jointly across all eight Global Network MNHR countries; outperformed country-specific and largest-single-country approaches. Predictors (5 WHO minimum indicators + country): maternal age, place of delivery (hospital/clinic or health centre/home or other), mode of delivery (vaginal/assisted vaginal/c-section/miscarriage/medical termination), gestational age (weeks), birth weight (grams), country (Argentina, DRC, Zambia, Guatemala, Bangladesh, India–Belagavi, Pakistan, India–Nagpur, Kenya). One-hot encoding of categoricals; mean imputation and Z-score standardisation of continuous variables. Sample: 575,664 pregnancies from the NIH Global Network Maternal & Newborn Health Registry; training 2010–2016 (441,657; 11,281 [2.6%] deaths), test 2017–2019 (134,007; 2,985 [2.2%] deaths) (Silva et al. 2025). Validation: internal only — temporal hold-out (train 2010–2016, test 2017–2019); 10-fold stratified cross-validation repeated 50 iterations; calibration plot reported. Performance: generalised model AUC-ROC 0.816 (95% CI 0.807–0.825); recall 0.220; accuracy 0.980; precision 0.642; specificity 0.997; F1 0.328. SHAP top predictors: birth weight, gestational age, maternal age, country (Pakistan, Guatemala, Kenya), delivery setting.
	[97*]

	
	Non-SSA
	Stillbirth only
	5
	0.940
	0.760–0.990
	0.990
	Random forest (best of 4 models: LR, SVM, RF, MLP) for stillbirth. Predictors: 32 sociodemographic and clinical characteristics — consanguinity status, gravida, parity, miscarriages, foetal gender, maternal age at birth, BMI, smoking status, chronic disease, history of stillbirth, gestational age at birth, IVF pregnancy, Rh isoimmunisation; ultrasound-detected foetal anomalies, umbilical cord anomalies, placental anomalies, growth and amniotic-fluid anomalies; previous CS count, previous vaginal-delivery count, induction with oxytocin/misoprostol, delivery type. Sample: started with 1,000 patients; final analysis n=951 (499 live + 452 stillbirth) after exclusions, single tertiary hospital in Turkey, January 2015–March 2024 (Gunenc et al. 2025). Validation: internal only (train–test split). Performance: RF AUC 0.99 (95% CI 0.97–1.00); accuracy 96.86%; sensitivity 96.34%; specificity 97.25%; PPV 96.34%; NPV 97.25%.
	[55*, 36, 82, 43, 65]

	
	
	Neonatal death only
	3
	0.980
	0.971–0.980
	0.980
	SVM and ensemble models tied for top AUC in initial development; ANN best in prospective NICU evaluation. Predictors: 17 features selected by neonatologist clinical opinion — birth weight (BW), gestational age (GA), preterm birth, small for gestational age (SGA), parental care, maternal disease, respiratory distress syndrome (RDS), steroid therapy, surfactant administration, pulmonary haemorrhage, necrotising enterocolitis (NEC), congenital malformation, sepsis, asphyxia, intraventricular haemorrhage (IVH), intubation, ventilation. Sample: 1,762 NICU records (138 deaths, 1,624 survivors) for development at single Iranian centre; 92 prospective neonates (18 deaths, 74 survivors) for prospective evaluation (Sheikhtaheri et al. 2021). Validation: internal (10-fold CV on SMOTE-oversampled training data) + external (prospective NICU follow-up cohort). Performance: initial-evaluation SVM and Ensemble AUC 0.98 on SMOTE-oversampled data; SVM accuracy 0.94, sensitivity 0.95, F-score 0.96. Prospective phase: ANN best, AUC 0.92.
	[95*, 109, 39]

	Classical + AI
	Non-SSA
	Both
	1
	0.830
	0.830
	0.830
	Probabilistic graphical model (Bayesian network, structure learned with R bnlearn) versus logistic regression baseline for composite perinatal morbidity in foetal growth restriction. Predictors: 16 variables — 12 selected from a top 30 candidate set via best-AUC LR plus 4 clinical variables of interest (HDP status, term birth, visit-3 EFW <3rd percentile, visit-3 EFW 3–9th percentile). Initial 4,000+ candidate features were pruned to 907 then reduced further. Sample: 9,558 nulliparous pregnancies delivered ≥20 weeks with available outcome data, from the NICHD-funded nuMoM2b cohort (8 US centres, recruited Oct 2010–Sept 2013; 10,038 total enrolled); derivation 7,645 (80%) + held-out validation 1,912 (20%) (Zimmerman et al. 2025). Validation: internal only, single-dataset 80/20 random split with bootstrap CIs (n=1,000); Performance: validation-cohort AUC 0.83 (95% CI 0.79–0.87); comparable to LR benchmark AUC 0.82 (95% CI 0.77–0.87). 
	[112*]

	ML only
	SSA
	Stillbirth only
	3
	0.950
	0.940–0.982
	0.982
	Random forest (best of 5 algorithms: NB, RF, MLP, SVM-SMO, DT-C4.5) for multi-class pregnancy-outcome prediction. Predictors: 42 maternal attributes from antenatal-care records (sociodemographic and clinical), reduced via feature-importance ranking. Sample: 1,632 records (114 [6.9%] stillbirth, 1,255 [76.9%] term, 39.8% preterm, 12.20% miscarriage) from secondary health facilities in Uyo, Nigeria (Inyang et al. 2021). Validation: internal only, 100/100 dataset split and 10-fold cross-validation. Performance: weighted-average AUC 0.967 across 4 outcome classes; stillbirth-class AUC 0.956 (sensitivity for stillbirth class = 27.2%, indicating poor minority-class detection despite high overall AUC).
	[62*, 32, 105]

	
	
	Both
	2
	0.885
	0.800–0.970
	0.970
	Gradient boosting (best of RF, CatBoost, GB; with grid-search hyperparameter tuning) on SMOTE-balanced DHS data. Predictors: 17 features selected by sequential-backward feature selection (13 features) plus 4 domain-expert additions — community-based health insurance, smoking, region, type of cooking fuel, wealth index, current contraceptive method, haemoglobin level, occupation, maternal age, marital status, anaemia level, chewing tobacco, place of residence (SBFS); preterm, highest educational level, visited health facility in last 12 weeks, birth interval (domain-expert). Sample: 109,531 raw EDHS instances (74,770 alive, 34,761 died) balanced to 148,659 with SMOTE oversampling (74,329 alive, 74,330 died), Ethiopia (Bogale D.S. et al. 2022). Validation: internal only (train–test split on SMOTE-balanced data). Performance: Gradient Boosting overall accuracy 90.24%; ROC 0.9696; precision 87.24%; recall 99.72%; F1 92.80%.
	[40*, 96]

	
	Non-SSA
	Stillbirth only
	1
	0.900
	0.900
	0.900
	Random forest (best of 8 models: LR, SVM, KNN, DT, RF, XGBoost, AdaBoost, plus extras) for adverse outcome in pregnant women with COVID-19. Predictors: 25-feature subset selected by recursive feature elimination, including maternal BMI, gravidity, parity, pre-existing maternal illness, smoking exposure, duration of maternal COVID-19 symptoms, PlGF ratio, platelet count, LDH (full list in source paper). Sample: 1,501 SARS-CoV-2-positive pregnant patients pooled from CRONOS dataset (Germany + Austria, German Society of Perinatal Medicine; n=1,402) plus a Canadian dataset (n=99) (Young et al. 2023). Validation: internal only (80/20 train–test split with 60 high-risk + 52 low-risk in test set). Performance: AUC 0.90 (95% CI 0.83–0.95); accuracy 89.0%; recall 0.85; precision 0.94; F1 0.89. Identified 83.3% of high-risk and 92.5% of low-risk patients.
	[108*]

	
	
	Neonatal death only
	5
	0.930
	0.811–0.984
	0.984
	Random forest (best of multiple ML algorithms via 10-fold repeated cross-validation). Maternal-complication model in de-novo HDP cohort. Predictors (RF maternal model, top variables by importance): platelet count, foetal head/abdominal circumference ratio, gestational age at de-novo HDP diagnosis (variables considered also included demographics, prenatal-checkup count, past medical history, cardiorespiratory tests, haematological/renal/hepatic tests, foetal ultrasound measurements, diagnosis records and operative records). Sample: 1,829 women with de-novo HDP (Tongzhou Maternal & Child Health Care Hospital, Beijing, China; 2012–2019); 102 (5.58%) had adverse maternal outcomes, 306 (16.73%) had adverse neonatal outcomes (Chen et al. 2022). Validation: internal only (10-fold cross-validation repeated 10 times). Performance: maternal RF AUC 0.984 (95% CI 0.978–0.991); parallel neonatal boosted-tree model AUC 0.925 (95% CI 0.907–0.945). 
	[44*, 50, 69, 47, 86]

	AI only
	Non-SSA
	Neonatal death only
	1
	0.934
	0.934
	0.934
	Hybrid CNN-LSTM neural network (NAIMS-3, 3-day prediction window). Predictors: 5 features — birthweight, gestational age, sex, plus heart rate (HR) and respiratory rate (RR) statistics over a 12-hour window. Sample: 179 NICU infants (151 survived, 28 died = 15.64%) from MIMIC-III database (Beth Israel Deaconess Medical Center, Boston, USA; 7,870 neonates available 2001–2008, undersampled to 179 by retaining first 150 non-mortality records); analysis by James Cook University, Australia (Baker et al. 2021). Validation: internal only — 5-fold cross-validation. Performance: AUROC 0.9336 (±0.0337 across 5 folds); AUPRC 0.8397.
	[38*]

	ML + AI
	SSA
	Neonatal death only
	1
	0.990
	0.990
	0.990
	XGBoost (best of XGBoost, Hist-Gradient Boost, SVM, Neural Network, Random Forest) for 60-day post-discharge mortality. Predictors: 6 features for the neonate model — discharge against medical advice, caregiver age, receipt of oxygen therapy, low birth weight, birth defects, admission weight (Hist-Gradient-Boost and Random Forest selected the same 6 features). Sample: 2,310 neonates (54.4% of 4,243-strong cohort, with 1,933 young children making up the rest); 71 (3.1%) post-discharge deaths in neonates. Prospective observational cohort at Muhimbili National Hospital (Dar es Salaam, Tanzania) and John F. Kennedy Medical Center (Monrovia, Liberia) (Rees et al. 2025). Validation: internal only (derivation–validation split with multiple imputation). External validation flagged as future work in the source paper. Performance: validation-set AUROC 0.99 (95% CI 0.97–0.99); validation AUPRC 0.82 (95% CI 0.73–0.87). Hist-Gradient-Boost and Random Forest models with the same 6 features achieved AUROC 0.99 in validation.
	[92*]


AUC, area under the receiver operating characteristic curve; ANC, antenatal care; ANN, artificial neural network; CV, cross-validation; DHS, Demographic and Health Survey; EDHS, Ethiopian Demographic and Health Survey; FGR, foetal growth restriction; HDP, hypertensive disorders of pregnancy; ISS, Injury Severity Score; LR, logistic regression; MICE, multiple imputation by chained equations; MNHR, Maternal & Newborn Health Registry; NICU, neonatal intensive-care unit; nuMoM2b, Nulliparous Pregnancy Outcomes Study: monitoring mothers-to-be; NSQIP-P, National Surgical Quality Improvement Program – Pediatric; PGM, probabilistic graphical model; RF, random forest; SHAP, SHapley Additive exPlanations; SMOTE, synthetic minority oversampling technique. Model families follow the seven-category scheme used in Tables 1 and 3. Reference numbers correspond to the Table 2 manuscript reference list. Each row represents a single combination of model family, region (sub-Saharan Africa or non-SSA) and outcome (stillbirth-only, neonatal-death-only or both); combinations with no studies reporting an AUC are omitted. Median and Range are computed across all studies in each cell that reported a discrimination metric; cells with a single study show the reported value. References are ordered by AUC (descending); the asterisk (*) marks the Best-AUC contributor. Sixteen of the 93 included studies did not report a discrimination metric and are not represented here.


Table S7. External validation and transportability studies involving SSA countries (n=6) and non-SSA countries (n=13)
	Ref
	Study
	Outcome
	Origin (development countries and locations)
	Destination (validation countries and locations)
	Transport category
	Model(s) validated
	Validation approach
	Sample size
	Key result
	Mapping route note

	[35]
	Allotey et al. 2022
	Stillbirths
	Published stillbirth models validated in IPPIC: Smith, Yerlikaya and Trudell models. Main article does not itemise a single development country for each route in the map dataset.
	IPPIC individual participant data meta-analysis, 19 cohorts, no sub-Saharan African cohort itemised in the main article.
	External validation bypassing SSA
	Smith, Yerlikaya and Trudell stillbirth prediction models.
	Independent external validation using IPPIC individual participant data meta-analysis.
	491,201 pregnant women from 19 cohorts.
	Summary C-statistics 0.53 to 0.65 and calibration slopes 0.40 to 0.88. The models showed little-to-no clinical utility.
	Mapped as an IPPIC/UK evidence-hub loop only. The uploaded main article reports IPPIC as a 26-country living repository but does not list the 19 validation cohort countries in the main text, so no invented country routes are drawn.

	[39]
	Batista et al. 2021
	Neonatal deaths
	Brazil: Sao Paulo municipality live-birth records, 2012 to 2016.
	Brazil: Sao Paulo municipality live-birth records, 2017.
	Temporal external validation within country
	Five machine-learning algorithms for neonatal mortality; best model was XGBoost.
	Training on 2012 to 2016 births and testing on unseen 2017 births.
	1,128,162 live births: 941,308 training births and 186,854 test births.
	XGBoost achieved AUC 0.971, F1-score 0.548 and precision 0.729. The 5 percent highest-risk births contained more than 90 percent of neonatal deaths.
	Temporal Sao Paulo-to-Sao Paulo loop.

	[41]
	Bosschieter et al. 2023
	Stillbirths
	United States: births from one hospital partition.
	United States: births from disjoint hospitals in the validation partition.
	Within-country hold-out validation
	Explainable Boosting Machine models for severe maternal morbidity, shoulder dystocia, preterm pre-eclampsia and antepartum stillbirth.
	External validation by partitioning hospitals into disjoint training and validation sets.
	158,629 births before outcome-specific filtering; 153,432 for antepartum stillbirth.
	EBMs matched black-box machine-learning accuracy, outperformed logistic regression on average and had mean AUROC 0.730 across outcomes.
	United States hospital-set-to-hospital-set loop.

	[65]
	Koivu and Sairanen 2020
	Stillbirths 
	United States: CDC National Vital Statistics data, 2013 to 2016.
	United States: New York City Department of Health and Mental Hygiene data, 2014 to 2016.
	Within-country hold-out validation
	Machine-learning models for early stillbirth, late stillbirth and preterm birth.
	External validation on New York City data after training and verification on national CDC data.
	CDC data: almost 16 million observations; NYC data: 364,124 pregnancies.
	External NYC AUCs were 0.76 for early stillbirth, 0.63 for late stillbirth and 0.64 for preterm birth.
	United States CDC-to-New York City route.

	[70]
	Li et al. 2025
	Stillbirths
	United Kingdom: St Mary's Hospital, London GDM records, April 2016 to November 2019.
	China: external gestational-diabetes validation dataset reported by the study.
	Cross-country external validation
	Stacking model using logistic regression, random forest, support vector machine and XGBoost base models.
	Internal test set plus external validation dataset.
	1,670 model-development patients and 159 external-validation patients.
	Stacking model AUC was 0.82 on the test set and 0.67 on external validation.
	London-to-China route. Destination is mapped to Chengdu because the author dataset is Chinese and the lead clinical affiliation is Chengdu.

	[72]
	Olde Loohuis et al. 2025
	Stillbirths and neonatal deaths
	Payne et al. model development countries: Fiji, Uganda, South Africa, Brazil and Pakistan.
	Ghana: SPOT cohort in referral hospitals in Greater Accra and Eastern Region.
	External to SSA
	Payne et al. prognostic model for perinatal death among women with hypertensive disorders of pregnancy.
	External validation in the Ghana SPOT cohort.
	543 women; 87 perinatal deaths, 16 percent.
	Poor performance in Ghana: calibration-in-the-large 1.12, calibration slope 0.08 and c-statistic 0.52.
	Five country-specific arrows are drawn from Fiji, Uganda, South Africa, Brazil and Pakistan to Ghana. No ocean centroid is used.

	[78]
	Meng et al. 2025
	Stillbirths and neonatal deaths
	China: Beijing Obstetrics and Gynecology Hospital, January 2021 to November 2023.
	China: Haidian Maternal and Child Health Hospital external test set.
	Within-country hold-out validation
	Six machine-learning methods, including stacking, to predict adverse perinatal outcome in FGR.
	Training and internal test set from one Beijing centre; external test set from Haidian hospital.
	411 pregnancies: 361 from Beijing Obstetrics and Gynecology Hospital and 50 from Haidian hospital.
	Stacking model AUROC 0.861 in the internal test set and 0.906 in the external test set.
	Beijing-to-Haidian route with short offset points inside Beijing.

	[84]
	Ngwenya et al. 2021
	Stillbirths and neonatal deaths
	Zimbabwe: Mpilo Central Hospital, Bulawayo.
	PIERS international dataset. Mapped to the high-income fullPIERS countries reported for the PIERS model: Australia, Canada, New Zealand and United Kingdom.
	SSA to international
	Parsimonious multivariable logistic regression for adverse maternal and neonatal outcomes in severe pre-eclampsia.
	External validation against the PIERS dataset.
	549 development participants.
	Adverse neonatal outcome model AUC 0.90, sensitivity 87.7 percent and specificity 79.2 percent at cut-off 0.4257.
	Zimbabwe-to-Australia, Canada, New Zealand and United Kingdom arrows.

	[88]
	Pepler et al. 2012
	Neonatal deaths
	South Africa and Namibia: 15 VON-linked Medi-Clinic private hospital NICUs, 2008.
	South Africa and Namibia: same VON-linked NICU network, 2007.
	SSA temporal validation within country group
	Logistic regression for mortality and Poisson log-linear regression for length of stay.
	Temporal validation using 2008 development data and 2007 test data.
	2,376 development infants and 1,578 test infants; 91 deaths in development data.
	Mortality model AUC 0.8507 and length-of-stay predicted R2 0.7027. Positive predictive value for mortality was low.
	Within-country temporal loops for South Africa and Namibia.

	[91]
	Ramos et al. 2025
	Neonatal deaths
	Brazil: national administrative data from SINASC, SIM and CNES, January 2015 to May 2017.
	Brazil: later national administrative data, June 2017 to December 2017.
	Temporal external validation within country
	Six machine-learning algorithms for preventable neonatal death.
	Training on the first 80 percent of births and testing on the later 20 percent.
	8,797,968 births; 42,290 preventable neonatal deaths and 17,325 non-preventable neonatal deaths.
	XGBoost identified more than 85 percent of observed preventable deaths within the 5 percent highest-risk births.
	Brazil national temporal loop.

	[95]
	Sheikhtaheri et al. 2021
	Neonatal deaths
	Iran: Tehran University hospital neonatal records.
	Iran: Yas Hospital NICU, Tehran prospective validation.
	Prospective external validation within country
	ANN, random forest, C5.0, CHAID, SVM, Bayesian network and ensemble models.
	Retrospective model development and one-month prospective validation in Yas Hospital NICU.
	1,762 development neonates and 92 prospective validation neonates.
	Initial SVM and ensemble AUC 0.98. In prospective evaluation, ANN, C5.0 and CHAID performed best.
	Tehran hospital-to-Yas Hospital route with short offset points inside Tehran.

	[96]
	Shukla et al. 2020
	Stillbirths and Neonatal deaths
	Global Network MNHR countries: India, Pakistan, Democratic Republic of Congo, Zambia, Kenya and Guatemala.
	Internal 60/20/20 split validation in the same country set: India, Pakistan, Democratic Republic of Congo, Zambia, Kenya and Guatemala.
	Multi-region pooled with SSA
	Logistic regression, support vector machine, elastic net, neural network, gradient-boosted ensemble and random forest.
	Internal 60/20/20 split of pooled multi-country Global Network MNHR data.
	502,648 pregnancies.
	Prenatal and predelivery AUCs were <= 0.71. Delivery and postdelivery neonatal-mortality AUCs were greater than 0.80, with birth weight the strongest predictor.
	One loop in each participating country because development and validation used split samples from the same country set.

	[97]
	Silva et al. 2025
	Neonatal deaths
	Global Network MNHR training countries, 2010 to 2016: Democratic Republic of Congo, Guatemala, Zambia, India-Belagavi, India-Nagpur, Pakistan, Kenya and Argentina.
	Global Network MNHR validation countries, 2017 to 2019: Democratic Republic of Congo, Guatemala, Zambia, India-Belagavi, India-Nagpur, Pakistan, Kenya and Bangladesh.
	Multi-country temporal with SSA
	AdaBoost, XGBoost, CatBoost, LightGBM, random forest and logistic regression under general, country-specific and largest-country strategies.
	Time hold-out validation, 10-fold cross-validation and comparison of pooled with country-specific models.
	575,664 pregnancies.
	Generalised pooled LightGBM had the best overall AUC-ROC, 0.816. Country-specific models outperformed pooled models only for Zambia and Guatemala.
	Within-country loops for countries present in both training and validation. Argentina-to-Bangladesh route marks the train-only to validation-only country change.

	[107]
	Yin et al. 2024
	Stillbirths
	China: Peking University People's Hospital, Beijing.
	China: Affiliated Hospital of Qingdao University.
	Within-country hold-out validation
	Nomogram for short-term adverse perinatal outcomes in singleton FGR pregnancies.
	External validation in a separate Qingdao hospital cohort.
	301 training pregnancies and 321 external-validation pregnancies.
	External C-index 0.776 for termination of pregnancy, 0.773 for stillbirth and 0.776 for therapeutic lethal induction.
	Beijing-to-Qingdao route.

	[109]
	Zhang et al. 2023
	Neonatal deaths
	United States, Puerto Rico, United States Virgin Islands and Guam: linked infant birth and death data, 2016 to 2019.
	United States, Puerto Rico, United States Virgin Islands and Guam: linked infant birth and death data, 2020 to 2021.
	Temporal external validation within country and territories
	XGBoost and other machine-learning models for infant and neonatal death.
	Cross-validation using pre-pandemic training years and pandemic-period validation years.
	22,669,736 live births and 116,309 infant deaths.
	XGBoost AUC 0.93 for infant death and 0.98 for neonatal death. A four-predictor model had AUC 0.91.
	Loops for United States, Puerto Rico, United States Virgin Islands and Guam.

	[112]
	Zimmerman et al. 2025
	Stillbirths and Neonatal deaths
	United States: nuMoM2b derivation cohort, 80 percent random subset.
	United States: nuMoM2b validation cohort, 20 percent hold-out subset.
	Within-country hold-out validation
	Probabilistic graphical model for composite perinatal morbidity and mortality in FGR.
	Random 80: 20 derivation-validation split.
	9,558 pregnancies: 7,645 derivation and 1,912 validations.
	Validation AUC 0.83, 95 percent CI 0.79 to 0.87. Context-specific risk scenarios differed by nearly 10-fold.
	United States hold-out validation loop.

	[118]
	Housseine et al. 2022
	Stillbirths and neonatal deaths
	Nigeria: model originally developed by Kayode et al. for the Federal Medical Centre Bida cohort.
	Tanzania: Zanzibar (Mnazi Mmoja Hospital and referral facilities).
	Within sub-Saharan Africa (model developed in Nigeria, validated in Tanzania)
	Existing Kayode prediction model for intrapartum-related perinatal death, alongside a newly developed 15-predictor model.
	External validation of the existing model plus internal bootstrap validation of the new model.
	5,747 mother-baby pairs.
	Existing model c-statistic 0.57 (poor transportability); newly developed model optimism-adjusted c-statistic 0.78, calibration slope 0.94.
	Nigeria-to-Tanzania (Zanzibar) arrow for the imported model.

	[120]
	Muin et al. 2022
	Stillbirths
	United Kingdom: Fetal Medicine Foundation (FMF) stillbirth risk tool.
	Austria: Medical University of Vienna cohort.
	External validation bypassing SSA
	Fetal Medicine Foundation competing-risks stillbirth model.
	Independent external validation in an Austrian case-control cohort.
	391 women (144 intrauterine fetal deaths, 247 controls).
	AUC 0.72 in external validation; the tool retained moderate discrimination outside the development population.
	United Kingdom-to-Austria arrow; no SSA route.

	[122]
	Schuit et al. 2012
	Stillbirths and neonatal deaths
	United Kingdom: two previously published antenatal/intrapartum prediction models.
	Netherlands: nationwide perinatal registry cohort.
	External validation bypassing SSA
	Two existing UK prediction models for perinatal death in very preterm infants.
	Independent external validation in a Dutch national registry cohort.
	17,582 infants alive at the onset of labour (development) with external validation set of 11,578 infants.
	External c-statistics 0.82 and 0.92; discrimination was largely preserved on transport to the Dutch setting.
	United Kingdom-to-Netherlands arrow; no SSA route.

	
	
	Studies with external validation and transportability in or with or from SSA


Nineteen studies reporting external validation, of which six engage substantively with transportability to, from or across sub-Saharan Africa (refs 72, 84, 88, 96, 97 and 119) and thirteen do not. Origin: where the model was developed. Destination: where validated. 



