Table S1 Predictors used for prediction in AI models

	Study ID
	Characteristic
	Model
	variables

	Kai Chin Pai 

2022
	15
	XGB, RF, LR, XGB+RF+LR
	PEEPCPAP_Day1, SPO2_Day1, PO2_A, TOTRR_Day1, TOTRR_Day2, RESP_RATE_Day1, PULSE_Day1, PEEPCPAP(Day2-Day1), PCT, MAPS(Day2-Day1), VTEXH_Day2, SPO2_Day2, RESP_RATE_Day2, FiO2_Day2, TEMPERATURE_Day1

	
	1
	CNN
	Chest X-Rays Images

	
	16
	XGB+CNN, RF+CNN, LR+CNN, XGB+RF+LR+CNN
	PEEPCPAP_Day1, SPO2_Day1, PO2_A, TOTRR_Day1, TOTRR_Day2, RESP_RATE_Day1, PULSE_Day1, PEEPCPAP(Day2-Day1), PCT, MAPS(Day2-Day1), VTEXH_Day2, SPO2_Day2, RESP_RATE_Day2, FiO2_Day2, TEMPERATURE_Day1


	Negar Farzaneh

2023
	1
	CNN
	Chest X-Rays Images

	Yang Zhou

2023
	5
	XGB
	Age, Pao2/Fio2, C-Reactive Protein, The Count Of Total T Lymphocytes, Interleukin-6

	
	1
	CNN
	CT Images 

	
	6
	XGB+CNN
	CT Images, Age, Pao2/Fio2, C-Reactive Protein, The Count Of Total T Lymphocytes, Interleukin-6

	Michael W Sjoding

2021
	1
	CNN
	Chest X-Rays Images

	Hyun Woo Lee

2023
	12
	LR1
	Age, Female, Hypertension, Diabetes Mellitus, Cardiovascular Disease, Cough, Fever, Dyspnea, White Blood Cells, Lymphocyte, C-Reactive Protein > 0.5mg/dl, Procalcitonin > 0.05 ng/ml

	
	1
	faster-RCNN 
	Chest X-Rays Images

	
	13
	LR2
	Chest X-Rays Images, Age, Female, Hypertension, Diabetes Mellitus, Cardiovascular Disease, Cough, Fever, Dyspnea, White Blood Cells, Lymphocyte, C-Reactive Protein > 0.5mg/dl, Procalcitonin > 0.05 ng/ml

	Yuntian Chen

2020
	1
	 LR
	CT Images

	Mehak Arora

2023
	1
	CNN
	Chest X-Rays Images

	Suganya D

2023
	1
	Mask R-CNN 
	CT Images

	Nesrine Zaglam

2014
	1
	SVM
	CT Images

	Sebastian Röhrich

2021
	1
	GBT
	CT Images

	Yang Fei

2018
	13
	ANNs, LR
	Age, Gender, Body Mass Index, White Cell Count,  Fasting Blood Glucose, Concentration Of Serum Calcium, Serum Amylase, Temperature, Lactic Dehydrogenase, Serum Albumin, C Reactive Protein, Oxyhemoglobin Saturation,  Pancreatic Necrosis Rate

	Zara Izadi

2022
	83
	KNN, SVM, GLMNET, BAYESGLM, GAM, GBM, NN
	Age, Male gender, Current or former smoker, Current smoker, Vasculitis, Anti-phospholipid antibody syndrome, Autoinflammatory syndrome, Spondyloarthritis, Behcet's, Chronic recurrent multifocal osteomyelitis, Giant cell arteritis, IgG4-related disease, Inflammatory myopathy, Juvenile idiopathic arthritis, Mixed connective tissue disease, Ocular inflammation, Polymyalgia rheumatica, Psoriatic arthritis, Rheumatoid arthritis, Other inflammatory arthritis, Sarcoidosis, Sjogren's syndrome, Sjogren's syndrome, Systemic sclerosis, Undifferentiated connective tissue disease, Gout, Calcium pyrophosphate deposition disease (CPPD), Inclusion body myositis, Localized scleroderma, Moderate or high rheumatic disease activity, Interstitial lung disease, Obstructive lung disease, Diabetes, Morbid obesity (BMI >=40), Obesity (BMI >=30), Hypertension, Cardiovascular disease, Cerebrovascular disease, Pulmonary hypertension, Chronic renal insufficiency or end stage renal disease, Cancer, Cancer, Immunodeficiency, Inflammatory bowel disease, Liver disease, Chronic neurological or neuromuscular disease, Trisomy 21, Psychiatric condition, Macrophage activation syndrome (prior to COVID-19 diagnosis), Psoriasis, Pregnancy, Post-partum (< 6 weeks), Eczema, Congenital heart disease, Obstructive sleep apnea, Lymphopenia, Abatacept, Antifibrotics (pirfenidone, nintedinib), Antimalarials (including hydroxychloroquine, chloroquine), Apremilast, Azathioprine / 6-MP, Belimumab, CD-20 inhibitors (including rituximab within last 12 months, ofatumumab), Cyclophosphamide, Cyclosporine, Denosumab, IL-1 inhibitors (including anakinra, canakinumab, rilonacept), IL-6 inhibitors (including tocilizumab, sarilumab), IL-12/23 inhibitors (ustekinumab), IL-17 inhibitors (including secukinumab, ixekizumab), IVIG, JAK inhibitors (including tofacitinib, baricitinib, upadacitinib), Leflunomide, Methotrexate, Mycophenolate mofetil / mycophenolic acid, Sulfasalazine, Tacrolimus, Thalidomide / lenalidomide, TNF-inhibitors, Steroid eye drops, IL-23 inhibitors, Colchicine, Average daily prednisone-equivalent glucocorticoid dose

	
	10
	multivariate LR
	Older Age , Higher Average Daily Prednisone-Equivalent Glucocorticoid,  Pulmonary Hypertension  Doses, Interstitial Lung Disease, Chronic Renal Insufficiency Or End-Stage Renal Disease, Interstitial Lung Disease, Anti-Cd20 Monoclonal Antibody Use, Diabetes, Hypertension, Moderate Or High Rheumatic Disease Activity, Morbid Obesity

	Mengran Zhang

2023
	8
	SVM, EDTs, BC , LR 
	Partial Pressure Of Oxygen, C-Reactive Protein, Neutrophil-Lymphocyte Ratio, Calcium Ion, White Blood Cell, Procalcitonin, Lactic Acid,  Amylase

	Pengcheng Yang

2020
	24
	SLP-FNN, L2-LR, AdaBoost, XGBoost
	Spo2, SpO2/FiO2, Fio2, Positive End Expiratory Pressure, Mean Air Pressure, Respiratory Rate, Plateau Pressure, Glasgow Coma Scale(Eye), Glasgow Coma Scale(Motor), TV/Kg, Glasgow Coma Scale(Verbal), Gender(Female), Peak Pressure, Oxygenation Saturation Index, Glasgow Coma Scale, Heart Rate, Gender, Nidbp, Minute Ventilation Volume, Nisbp, Temperature, Nimbp, Age, Body Mass Index

	Menglian Zhou

219
	9
	ML+PCA+LDA
	Breath Chromatograms（Pentane, 2-Methyl-, Heptane, 3-Methyl-, Heptane, 2,3,5-Trimethyl- , 2,2,7,7-Tetramethyloctane , Pentane, 2,4-Dimethyl- , Cyclohexane, Methyl-Α-Pinene, 3-Octene, 2,2-Dimethyl- , 1-Decanol, 2-Ethyl-）

	Wan Xu

2021
	19
	DT, LR, RF, SVM, DNN
	Severity Evaluation At Admission,  Gender, Age, Body Mass Index, Temperature, Cough, Shortness Of Breath, Hemoptysis, Hypertension, Diabetes, Secondary Bacterial Infection, Lung Consolidation, Lymphocyte Count, Creatine Kinase, Neutrophils/Lymphocytes Ratio, Alanine Aminotransferase, Glutamate Aminotransferase, Lactate Dehydrogenase, C-Reactive Protein 

	Jipeng Mo

2023
	22
	ANN
	Age, Gender, Maximum Heart Rate, Maximum Respiratory Rate, Admission Source(Emergency, Outpatient), Hypertension, C-Reactive Protein, Procalcitonin, Erythrocyte Sedimentation Rate, Neutrophil Count, Eosinophil Count, Fibrinogen Equivalent Unit, Activated Partial Thromboplastin Time, Total Bilirubin, Albumin, Lactate Dehydrogenase, Creatinine, Hemoglobin, Platelet, Glucose, The Concentration Of Total Level Of Serum Kalium, He Concentration Of Total Level Of Serum Natrium

	Kang Zou，2023
	18
	ANN, LR
	Age, Heart Rate,  Respiratory Rate, Red Cell Distribution Width Coefficient Variation, Platelet, Aspartate Aminotransferase, Aspartate Aminotransferase/Alanine Transaminase, Total Protein, Serum Albumin, Total Bilirubin, Amylase, Creatinine, Glomerular Filtration Rate, Serum Calcium, Prothrombin Time, Procalcitonin, Urea, Bisap Score

	Wanyue Zhang

2023
	7
	LR, RF, SVM, DT, XGB
	PaO2/FiO2, APACHE II, SOFA,  Albumin, Amylase, Potassium ion, White Blood Cell

	Gregory B Rehm

2021
	9
	RF, NN, Adaboost , LR, Naïve Bayes, SVM
	Mean flow from peak expiratory flow(PEF), Respiratory rate, PEF to 0, PEF+0.16 to 0, I-time, E-time, I:E ratio, Dynamic compliance (Cdyn), Tidal volume ratio

	Majid Afshar

2018
	2
	SVM 
	All Radiology Reports, CUI(Unified Medical Language System conceptunique identifier)Features

	Amir Gandomi

2022
	2
	linear SVM
	Chest Radiology Reports, Echo Reports

	Zhiwei Yang

2022
	7
	multivariate LR
	Pneumonia., Aspiration, Extrapulmonary Sepsis, Pancreatitis, Massive Transfusion, Respiratory Rate>30, SOFA≥7.5 

	Sidney Le

2020
	23
	XGBoost
	Radiology Reports, Age, Antibiotics, Bilirubin, Blood Cultures, Creatinine, Diastolic Bp, Fluid Bolus, Glasgow Coma Scale, Heart Rate, International Normalized Ratio, Lactate, Map, Organ Dysfunction, Pp, Platelets, Resp. Rate, Spo2, Systolic Bp, Temp., White Blood Cells, Urine Output, pH

	Marshall C.E.

2023
	2
	XGB
	Waveform from the raw ECG, Electronic Medical Record

	Anoop Mayampurath

2020
	2
	SVM
	Chest Radiology Reports, CT Reports

	Yu Wang

2023
	5
	SLR 
	Thioredoxin Domain Containing 5, Cathepsin L, NPC Intracellular Cholesterol Transporter 2, Cardiopulmonary Bypass Time, Massive Transfusion Of Red Blood Cells

	Xiaoqiang Wang

2023
	3
	LR
	Peration Time, Postoperative Aspartate Aminotransferase, Postoperative Hemoglobin

	
	9
	LASSO regression
	Portal Hypertension, TBIL(post-operation), Peration Time, ALB(post-operation), N%(post-operation), Hb (post-operation), INR (pre-operation), INR (post-operation), Hypertension

	Elyas Sabeti

2021
	26
	SVM, SVM+
	Chest X-Rays,  Temperature, Heart Rate, Respiratory Rate, Systolic Blood Pressure, Diastolic Blood Pressure, Positive End-Expiratory Pressure, Plateau Pressure, Mean Airway Pressure, White Blood Cell Count Level, Lactate Acid Level, Bicarbonate Level, Carbon Dioxide Level, PH Level, Brain Natriuretic Peptide Level, Troponin Level, Albumin Level, Pulse Oximetry Value

	Pengcheng Yang

2019
	21
	ANNs, LR, AdaBoost, Bagging
	Age, Gender, Race, Body Mass Index, Spo2, Heart Rate, Temperature, Noninvasive Systolic Blood Pressure, Noninvasive Diastolic Blood Pressure, Noninvasive Mean Blood Pressure, Respiratory Rate, Fio2, Positive End-Expiratory Pressure, Minute Ventilation, Tidal Volume, Peak Inspiratory Pressure, Airway Plateau Pressure, Mean Airway Pressure, SpO2/FiO2, Oxygenation Saturation Index, TV/Kg

	Carson Lam

2021
	25
	RNN 
	Age, Gender, The Initiation Of Antibiotics Prior To The Prediction Time, The Initiation Of Supplemental Oxygen Prior To The Prediction Time, A History Of Heart Failure, Systolic And Diastolic Blood Pressure, Heart Rate, Temperature, Respiratory Rate, Spo2 Level(Pulse Oximetry), Creatinine Level, Blood Urea Nitrogen Level, Bilirubin Level, Glucose Level, International Normalized Ratio, White Blood Cell Count, Red Blood Cell Count, Platelet Count, Percent Neutrophil Count, Percent Lymphocyte Count, Percent Monocyte Count, Hematocrit Level, Lactate Level, Aspartate Transaminase Level, Alanine Transaminase Level

	Jipeng Mo

2022
	19
	ANNs
	Age, Gender, Heart Rate, Maximum Systolic Blood Pressure, Maximum Respiratory Rate, Admission Source, C-Reactive Protein, Procalcitonin, Erythrocyte Sedimentation Rate, Neutrophil Count, Eosinophilic Count, Fiber Egg A Raw Equivalent Unit, Activated Partial Thromboplastin Time, Tbil, Albumin, Lactic Dehydrogenase, Serum Creatinine, Hemoglobin, Blood Glucose

	Weiwei Lu

2023
	10
	XGBoost, SVM, LR, RF
	PaO2, Bile Acid, Aspartate Transaminase, Urea Nitrogen, PH, Creatinine, Glomerular Filtration Rate, Albumin, Na, Age


Tabel S2 The results after excluding studies with potential bias risk one by one

	
	Excluded studies
	Sensitivity
	Sen-I2
	P-value
	Specificity
	Sep-I2
	P-value
	AUC

	Patient Selection 
	Suganya D2023
	0.80(0.75-0.84)
	90.32
	<0.001
	0.87(0.83-0.90)
	97.89
	<0.001
	0.90(0.87-0.93)

	
	Nesrine Zaglam 2014
	0.81(0.76-0.85)
	92.82
	<0.001
	0.88(0.84-0.91)
	99.02
	<0.001
	0.91(0.88-0.93)

	
	Sebastian Röhrich 2021
	0.81(0.76-0.85)
	93.40
	<0.001
	0.88(0.84-0.91)
	99.04
	<0.001
	0.91(0.88-0.93)

	
	Menglian Zhou 2022
	0.81(0.76-0.85)
	92.99
	<0.001
	0.88(0.83-0.91)
	99.03
	<0.001
	0.91(0.88-0.93)

	
	Anoop Mayampurath 2020
	0.82(0.78-0.85)
	91.94
	<0.001
	0.88(0.84-0.91)
	99.05
	<0.001
	0.91(0.88-0.93)

	
	Elyas Sabeti 2021
	0.81(0.76-0.85)
	92.82
	<0.001
	0.88(0.84-0.91)
	99.03
	<0.001
	0.91(0.88-0.93)

	
	Carson Lam 2021
	0.81(0.76-0.85)
	92.62
	<0.001
	0.88(0.85-0.91)
	99.03
	<0.001
	0.92(0.89-0.94)

	
	All seven studies were excluded
	0.81(0.75-0.85)
	86.73
	<0.001
	0.87(0.83-0.90)
	98.28
	<0.001
	0.91(0.88-0.93)

	Reference Standard 
	Hyun Woo Lee 2023
	0.80(0.76-0.84)
	93.45
	<0.001
	0.88(0.84-0.91)
	99.02
	<0.001
	0.91(0.88-0.93)

	
	Mehak Arora 2023
	0.81(0.76-0.85)
	92.80
	<0.001
	0.87(0.83-0.91)
	99.02
	<0.001
	0.91(0.88-0.93)

	
	Suganya D 2023
	0.80(0.75-0.84)
	90.32
	<0.001
	0.87(0.83-0.90)
	97.89
	<0.001
	0.90(0.87-0.93)

	
	Zara Izadi 2022
	0.81(0.76-0.85)
	93.70
	<0.001
	0.88(0.84-0.91)
	98.98
	<0.001
	0.91(0.89-0.94)

	
	Elyas Sabeti 2021
	0.81(0.76-0.85)
	92.82
	<0.001
	0.88(0.84-0.91)
	99.03
	<0.001
	0.91(0.88-0.93)

	
	Carson Lam 2021
	0.81(0.76-0.85)
	92.62
	<0.001
	0.88(0.85-0.91)
	99.03
	<0.001
	0.92(0.88-0.93)

	
	All six studies were excluded
	0.80(0.74-0.85)
	90.65
	<0.001
	0.88(0.84-0.90)
	97.94
	<0.001
	0.91(0.89-0.94)


Tabel S3 External Validation Set and Multi-center Data Set
	
	Study
	Sensitivity
	Specificity
	PLR
	NLR
	DOR
	AUC

	External Validation Set
	5
	0.85(0.68-0.94)
	0.84(0.65-0.94)
	5.31(2.12-13.29)
	0.18(0.08-0.43)
	29(6-133)
	0.91(0.88-0.93)

	Multi-center Data Set
	12
	0.81(0.70-0.88)
	0.90(0.82-0.94)
	7.79(4.20-14.44)
	0.22(0.14-0.35)
	36(14-90)
	0.92(0.89-0.94)


	Predictors
	Model
	Study
	Sensitivity
	Specificity
	PLR
	NLR
	DOR
	AUC

	Images
	CNN
	7
	0.80(0.72-0.86)
	0.91(0.83-0.96)
	9.03(4.19-19.47)
	0.22(0.15-0.33)
	41(13-127)
	0.91(0.88-0.93)

	Mechanical ventilation parameters
	LR
	4
	0.78(0.76-0.80)
	0.77(0.71-0.82)
	3.38(2.59-4.40)
	0.28(0.25-0.32)
	12(8-18)
	0.80(0.76-0.83)

	Laboratory assays
	LR
	9
	0.78(0.64-0.87)
	0.84(0.74-0.90)
	4.72(3.17-7.03)
	0.27(0.16-0.43)
	18(10-31)
	0.88(0.85-0.90)

	
	ANN
	4
	0.76(0.59-0.87)
	0.91(0.84-0.95)
	8.46(5.17-13.83)
	0.27(0.16-0.46)
	31(18-56)
	0.92(0.89-0.94)

	
	SVM
	4
	0.56(0.22-0.86)
	0.95(0.83-0.99)
	11.50(4.80-27.51)
	0.46(0.21-1.03)
	25(10-60)
	0.91(0.89-0.94)


Tabel S4 Model trained with specific factors
Tabel S5 Results of the sensitivity analysis for each subgroup

	Model
	Excluded studies
	Sensitivity
	Sen-I2
	P-value
	Specificity
	Sep-I2
	P-value
	AUC

	XGB
	Wanyue Zhang/XGB 2023
	0.81(0.80-0.82)
	93.09
	<0.001
	0.89(0.82-0.93)
	98.67
	<0.001
	0.82(0.79-0.86)

	
	Weiwei Lu/XGBoost 2023
	0.84(0.75-0.90)
	87.09
	<0.001
	0.87(0.84-0.89)
	97.91
	<0.001
	0.90 (0.88-0.93)

	LR
	Mengran Zhang/LR 2023
	0.81(0.74-0.87)
	97.65
	<0.001
	0.78(0.73-0.82)
	96.63
	<0.001
	0.86 (0.82- 0.89)

	CNN
	Mehak Arora/CNN 2023
	0.81(0.73-0.87)
	94.27
	<0.001
	0.90(0.79- 0.96)
	99.56
	<0.001
	0.90 (0.88- 0.93)

	
	Suganya D/Mask R-CNN 2023
	0.76(0.73-0.78)
	46.79
	0.09
	0.87(0.81-0.92)
	95.39
	<0.001
	0.80 (0.76- 0.83)

	SVM
	Zara Izadi/SVM 2022
	0.74(0.53-0.88)
	94.77
	<0.001
	0.91(0.87-0.94)
	87.39
	<0.001
	0.92 (0.90- 0.94)

	
	Wan Xu/SVM 2021
	0.76(0.62-0.86)
	94.05
	<0.001
	0.87(0.80-0.92)
	98.90
	<0.001
	0.90 (0.87-0.92)

	Images
	Mehak Arora/CNN 2023
	0.81(0.75-0.85)
	91.44
	<0.001
	0.89(0.81-0.94)
	99.35
	<0.001
	0.90(0.87-0.92)

	
	Suganya D/Mask R-CNN 2023
	0.77(0.74-0.80)
	44.87
	0.07
	0.86(0.81-0.90)
	93.28
	<0.001
	0.82(0.78-0.85)

	Images combined with other predictors
	Hyun Woo Lee/LR2 2023
	0.83(0.81-0.86)
	76.56
	<0.001
	0.88(0.86-0.89)
	91.30
	<0.001
	0.92(0.90-0.94)

	
	Elyas Sabeti/SVM+ 2021
	0.85(0.79-0.89)
	77.83
	<0.001
	0.86(0.81-0.89)
	96.98
	<0.001
	0.92(0.89-0.94)

	Mechanical ventilation parameters
	Pengcheng Yang/XGBoost 2020
	0.83(0.78-0.86)
	98.95 
	<0.001
	0.77(0.74-0.80)
	98.36
	<0.001
	0.86(0.83-0.89)

	
	Gregory B Rehm/NN 2021
	0.80 (0.76- 0.83)
	98.58
	<0.001
	0.79 (0.75-0.81)
	99.01
	<0.001
	0.86(0.82-0.88)



	
	Gregory B Rehm/LR 2021
	0.80(0.76-0.83)
	98.58
	<0.001
	0.79 (0.75-0.81)
	99.01
	<0.001
	0.86(0.82-0.88)



	
	Gregory B Rehm/SVM 2021
	0.79(0.77-0.81)
	98.63
	<0.001
	0.79(0.76-0.82)
	99.03
	<0.001
	0.85 (0.82-0.88)

	Laboratory assays
	Wan Xu/SVM 2021
	0.78(0.72-0.83)
	90.13
	<0.001
	0.90(0.86- 0.93)
	94.20
	<0.001
	0.91 (0.88-0.93)

	
	Wanyue Zhang/XGB 2023
	0.75(0.68-0.81)
	88.41
	<0.001
	0.91(0.86-0.94)
	94.30
	<0.001
	0.90 (0.87- 0.93)

	
	Carson Lam/RNN 2021
	0.77(0.69-0.83)
	86.58
	<0.001
	0.91(0 87- 0.94)
	94.27
	<0.001
	0.92 (0.89-0.94)

	Other
predictors

	Amir Gandomi/linear SVM 2022
	0.67(0.60-0.73)
	82.25
	<0.001
	0.75(0.69-0.81)
	98.55
	<0.001
	0.76 (0.72- 0.80)

	
	Anoop Mayampurath/SVM 2020
	0.70(0.65-0.75)
	61.77
	<0.001
	0.76(0.69-0.81)
	98.46
	<0.001
	0.77 (0.73-0.81)


