	Supplementary Table 1 Variables Extracted from Unstructured Data Through Natural Language Processing

	
	Chinese description
	English translation

	1
	病人屬於腸胃系統
	Patient belongs to the gastrointestinal system

	2
	急性中樞中度疼痛
	Acute central moderate pain 

	3
	代訴
	Reported by companions

	4
	病患來診為腹痛
	Patient presents with abdominal pain

	5
	病人屬於神經系統
	Patient belongs to the nervous system

	6
	發燒
	Fever

	7
	血壓或心跳有異於病人之平常數值但血行動力穩定
	Blood pressure or heart rate abnormal from patient's baseline but hemodynamically stable

	8
	病人屬於一般和其他
	Patient belongs to general and other categories

	9
	嘔吐
	Vomiting

	10
	頭暈
	Dizziness

	11
	腹痛
	Abdominal pain

	12
	病人屬於心臟血管系統
	Patient belongs to the cardiovascular system

	13
	病患來診為發燒/畏寒
	Patient presents with fever/chills

	14
	發燒(看起來有病容)
	Fever (appears ill)

	15
	噁心
	Nausea

	16
	呼吸短促
	Shortness of breath

	17
	病患來診為眩暈/頭暈
	Patient presents with vertigo/dizziness

	18
	病人屬於呼吸系統
	Patient belongs to the respiratory system

	19
	病患來診為胸痛/胸悶
	Patient presents with chest pain/chest tightness

	20
	腹瀉
	Diarrhea

	21
	病患來診為呼吸短促
	Patient presents with shortness of breath

	22
	病人屬於泌尿系統
	Patient belongs to the urinary system

	23
	病人屬於皮膚系統
	Patient belongs to the dermatological system

	24
	姿勢性無其他神經學症狀
	Postural without other neurological symptoms

	25
	自數天前
	Since several days ago

	26
	頭痛
	Headache

	27
	胸悶
	Chest tightness

	28
	無力
	Weakness

	29
	咳嗽
	Cough

	30
	病患來診為噁心/嘔吐
	Patient presents with nausea/vomiting

	31
	右側
	Right side

	32
	左側
	Left side

	33
	胸痛
	Chest pain

	34
	昨天開始
	Started yesterday

	35
	血行動力循環不足
	Hemodynamic insufficiency

	36
	病人屬於骨骼系統
	Patient belongs to the musculoskeletal system

	37
	疼痛
	Pain

	38
	病患來診為頭痛
	Patient presents with headache

	39
	急性周邊中度疼痛
	Acute peripheral moderate pain 

	40
	病患來診為局部紅腫
	Patient presents with localized redness/swelling

	41
	上腹痛
	Upper abdominal pain

	42
	全身
	Whole body

	43
	病患來診為腰痛
	Patient presents with lower back pain

	44
	病人屬於耳鼻喉系統
	Patient belongs to the ENT system

	45
	喉嚨痛
	Sore throat

	46
	病患來診為腹瀉
	Patient presents with diarrhea

	47
	下肢
	Lower limb

	48
	疑似心因性胸痛/胸悶
	Suspected psychogenic chest pain/chest tightness

	49
	畏寒
	Chills

	50
	腹脹
	Abdominal distension

	51
	急性持續性嘔吐
	Acute persistent vomiting

	52
	腰痛
	Flank pain

	53
	重度呼吸窘迫
	Severe respiratory distress

	54
	心悸
	Palpitations

	55
	肌肉酸痛
	Muscle soreness

	56
	病患來診為紅疹
	Patient presents with rash

	57
	皮膚癢
	Skin itching

	58
	皮疹
	Rash

	59
	病患來診為心悸/不規則心跳
	Patient presents with palpitations/irregular heartbeat

	60
	病患來診為中風症狀
	Patient presents with stroke symptoms 

	61
	輕度脫水
	Mild dehydration

	62
	全身無力
	Generalized weakness

	63
	下腹痛
	Lower abdominal pain

	64
	病患來診為全身虛弱/無力
	Patient presents with generalized weakness/fatigue

	65
	輕度呼吸窘迫
	Mild respiratory distress 

	66
	病患來診為咳嗽
	Patient presents with cough

	67
	病人屬於婦產科
	Patient belongs to obstetrics and gynecology

	68
	血尿
	Hematuria

	69
	病患來診為腹部腫塊/腹脹
	Patient presents with abdominal mass/distension

	70
	病患來診為血便/黑便
	Patient presents with bloody stool/melena

	71
	廣泛性蜂窩組織炎/紅腫
	Extensive cellulitis/redness and swelling

	72
	上肢
	Upper limb

	73
	病患來診為背痛
	Patient presents with back pain

	74
	病患來診為下肢疼痛
	Patient presents with lower limb pain

	75
	病患來診為醫療裝置問題
	Patient presents with medical device issues

	76
	意識不清
	Altered consciousness

	77
	食慾不振
	Loss of appetite

	78
	冒冷汗
	Cold sweats

	79
	急性中樞重度疼痛
	Acute central severe pain 

	80
	兩側
	Bilateral

	81
	血壓高
	High blood pressure

	82
	排尿困難
	Difficulty urinating

	83
	自數天前開始
	Started a few days ago

	84
	咳血
	Hemoptysis

	85
	廣泛性紅疹
	Widespread rash

	86
	急性/突發性/持續性之心悸
	Acute/sudden/persistent palpitations

	87
	急性中樞輕度疼痛
	Acute central mild pain 

	88
	病患來診為喉嚨痛
	Patient presents with sore throat

	89
	背痛
	Back pain

	90
	病患來診為泌尿道感染相關症狀
	Patient presents with urinary tract infection-related symptoms 

	91
	病患來診為意識程度改變
	Patient presents with altered mental status

	92
	急性虛弱/無法走動
	Acute weakness/unable to ambulate

	93
	反覆地
	Repeatedly

	94
	病患來診為知覺喪失/感覺異常
	Patient presents with loss of sensation/sensory abnormalities

	95
	陰道出血
	Vaginal bleeding

	96
	症狀發作時間>4.5小時或已緩解
	Symptoms onset >4.5 hours or resolved

	97
	腫脹
	Swelling

	98
	知覺喪失/感覺異常急性
	Acute loss of sensation/sensory abnormalities

	99
	病患來診為轉診
	Patient presents for referral

	100
	早上
	In the morning

	101
	急性周邊重度疼痛
	Acute peripheral severe pain 

	102
	中量血便/黑便
	Moderate amount of bloody stool/melena

	103
	發燒(免疫功能缺陷)
	Fever with immunocompromised

	104
	病人屬於心理健康
	Patient belongs to mental health

	105
	無意識
	Unconscious 

	106
	右下腹痛
	Right lower abdominal pain

	107
	紅腫
	Redness and swelling

	108
	病患來診為檢驗/檢查結果異常
	Patient presents with abnormal test/examination results

	109
	間歇性的噁心/嘔吐或已緩解
	Intermittent nausea/vomiting or resolved

	110
	流鼻水
	Runny nose

	111
	頻尿
	Frequent urination

	112
	非姿勢性+/-其他神經學症狀
	Non-postural +/- other neurological symptoms

	113
	病患來診為上呼吸道感染相關症狀
	Patient presents with upper respiratory infection symptoms 

	114
	病患來診為尿滯留
	Patient presents with urinary retention

	115
	顏面
	Face

	116
	中度呼吸窘迫
	Moderate respiratory distress

	117
	麻木
	Numbness

	118
	病患來診為肢體無力
	Patient presents with limb weakness

	119
	病患來診為暈厥
	Patient presents with syncope

	120
	凝血異常-中度或輕度的出血
	Coagulopathy - moderate or mild bleeding

	121
	昏厥
	Fainting

	122
	休克
	Shock

	123
	開始
	Onset

	124
	病患來診為懷孕問題小於20週
	Patient presents with pregnancy-related issues <20 weeks

	125
	吐血
	Vomiting blood

	126
	意識程度改變
	Altered mental status

	127
	中量陰道出血
	Moderate vaginal bleeding

	128
	入院
	admission

	129
	轉診
	Referral

	130
	spo2<90%
	Spo2 <90%




	Supplementary Table 2 Characteristics of the Recruited Patients at CMUH and AUH

	
	CMUH cohort
	AUH cohort

	Variables
	Training set (n=120470)
	Testing set 
(n=51631)
	External validation set (n= 41883)

	Age, mean (SD)
	52.35 (20.12)
	52.26 (20.16)
	53.07 (20.57)

	Sex-female, No. (%)
	65066 (54.01)
	28056 (54.34)
	21914 (52.32)

	Body mass index, mean (SD)
	24.39 (36.23)
	24.53 (33.29)
	25.67 (49.46)

	Vital signs, mean (SD)
	
	
	

	Respiratory rate (per min)
	20.29 (2.13)
	20.29 (2.11)
	18.94 (2.76)

	SBP (mmHg)
	135.17 (25.66)
	135.31 (26.03)
	137.77 (27.00)

	DBP (mmHg)
	84.56 (16.96)
	84.66 (17.11)
	78.45 (16.72)

	Heart rate (bpm),
	91.89 (21.09)
	91.79 (20.95)
	89.95 (20.59)

	Body temperature (C)
	36.96 (2.33)
	36.95 (1.75)
	37.07 (1.99)

	Shock index 
	0.71 (0.38)
	0.71 (0.27)
	0.68 (0.21)

	Consciousness, No. (%)
	
	
	

	Alert (0)
	115386 (95.78)
	49545 (95.96)
	39570 (94.48%)

	Non-alert (1)
	5084 (4.22)
	2086 (4.04)
	2313 (5.52)

	Indwelling tube, No. (%)
	
	
	

	CVC
	36 (0.03)
	21 (0.04)
	0 (0.00)

	Endo
	506 (0.42)
	227 (0.44)
	42 (0.10)

	Tracheostomy
	831 (0.69)
	310 (0.60)
	213 (0.51)

	A-line
	12 (0.01)
	5 (0.01)
	0 (0.00)

	Drainage tube
	157 (0.13)
	72 (0.14)
	5 (0.01)

	Nasogastric tube
	2433 (2.02)
	1053 (2.04)
	268 (0.64)

	FOLEY catheter
	1735 (1.44)
	682 (1.32)
	223 (0.53)

	Transferred, No. (%)
	12951 (10.75)
	5664 (10.97)
	3238 (7.73)

	Triage, No. (%)
	
	
	

	1
	5614 (4.66)
	2447 (4.74)
	1665 (3.98)

	2
	24648 (20.46)
	10404 (20.15)
	5226 (12.48)

	3
	80498 (66.82)
	34701 (67.21)
	28595 (68.27)

	4
	9108 (7.56)
	3816 (7.39)
	6028 (14.39)

	5
	602 (0.50)
	263 (0.51)
	369 (0.88

	Request for an ED Bed, No (%)
	21203 (17.60)
	9123 (17.67)
	6540 (15.62)

	Usage of Ambulance, No. (%)
	15047 (12.49)
	6387 (12.37)
	3323 (7.93)

	Comorbidity, No. (%)
	
	
	

	Diabetes mellitus
	19986 (16.59)
	8700 (16.85)
	7518 (17.95)

	Hypertension
	32370 (26.87)
	13878 (26.88)
	11997 (28.64)

	Congestive heart failure
	1289 (1.07)
	563 (1.09)
	566 (1.35)

	Ischemic heart disease
	3530 (2.93)
	1590 (3.08)
	999 (2.39)

	End-stage renal disease
	3891 (3.23)
	1683 (3.26)
	1181 (2.82)

	Liver cirrhosis
	2000 (1.66)
	831 (1.61)
	692 (1.65)

	COPD
	1277 (1.06)
	516 (1.00)
	682 (1.63)

	  Malignancy
	12878 (10.69)
	5488 (10.63)
	2687 (6.42)

	Pregnancy, No. (%)
	1747 (1.45)
	811 (1.57)
	446 (1.06)

	Fever, No. (%)
	22636 (18.79)
	9572 (18.54)
	6333 (15.12)

	72-hour ED return, No. (%)
	2217 (1.84)
	1007 (1.95)
	1867 (4.46)

	24-hour ED return, No. (%)
	699 (0.58)
	305 (0.59)
	667 (1.59)

	System of complaints, No. (%)
	
	
	

	  Gastrointestinal-related 
	33995 (28.22)
	14570 (28.22)
	11357 (27.1)

	  Neurological-related
	20449 (16.97)
	8675 (16.80)
	7508 (17.9)

	  General 
	17703 (14.69)
	7634 (14.79)
	6182 (14.8)

	  Cardiovascular-related
	14374 (11.93)
	6114 (11.84)
	4186 (10.0)

	  Respiratory-related
	10043 (8.34)
	4276 (8.28)
	3312 (7.9)

	Disposition, No. (%)
	
	
	

	  Primary outcome*
	4450 (3.69)
	1978 (3.83)
	1302 (3.10)

	  Secondary outcome†
	27960 (23.21)
	11835 (22.92)
	9536 (22.70)

	  Discharge
	88060 (73.10)
	37818 (73.25)
	31170 (74.20)


* Admission to intensive care unit or in-hospital cardiac arrest in emergency department
† Admission to general ward or transfer to other hospital
AUH, Asia University Hospital; CMUH, China Medical University Hospital; COPD, chronic obstructive pulmonary disease; CVC, central venous catheter; DBP, diastolic blood pressure; DLOS, discharge length of stay; ED, emergency department; SBP, systolic blood pressure; SD, standard deviation; TTAS, Taiwan Triage and Acuity Scale




	Supplementary Table 3 Missing and outlier rate of features at CMUH and AUH

	
	CMUH cohort
	AUH cohort

	
	Training set 
	Testing set 
	External validation

	Total Cases
	120470
	51631
	41883

	
	Missing and Extreme value

	Variables
	No.
	Rate
	No.
	Rate
	No.
	Rate

	Age, mean (SD)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Sex-female, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Body mass index, mean (SD)
	113
	0.09%
	43
	0.08%
	14243
	33.91%

	Vital signs, mean (SD)
	
	
	
	
	
	

	Respiratory rate (per min)
	41
	0.03%
	13
	0.03%
	67
	0.16%

	SBP (mmHg)
	100
	0.08%
	35
	0.07%
	153
	0.36%

	DBP (mmHg)
	156
	0.13%
	59
	0.12%
	160
	0.38%

	Heart rate (bpm)
	95
	0.08%
	33
	0.06%
	110
	0.26%

	Body temperature (C)
	147
	0.12%
	49
	0.10%
	88
	0.21%

	Shock index 
	106
	0.09%
	37
	0.07%
	171
	0.41%

	Consciousness, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Indwelling tube, No. (%)
	
	
	
	
	
	

	CVC
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Endo
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Tracheostomy
	0
	0.00%
	0
	0.00%
	0
	0.00%

	A-line
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Drainage tube
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Nasogastric tube
	0
	0.00%
	0
	0.00%
	0
	0.00%

	FOLEY catheter
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Transferred, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Triage, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Request for ED Bed, No (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Usage of Ambulance, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Comorbidity, No. (%)
	
	
	
	
	
	

	Diabetes mellitus
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Hypertension
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Congestive heart failure
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Ischemic heart disease
	0
	0.00%
	0
	0.00%
	0
	0.00%

	End-stage renal disease
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Liver cirrhosis
	0
	0.00%
	0
	0.00%
	0
	0.00%

	COPD
	0
	0.00%
	0
	0.00%
	0
	0.00%

	  Malignancy
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Pregnancy, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	Fever, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	72-hour ED return, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	24-hour ED return, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%

	System of complaints, No. (%)
	0
	0.00%
	0
	0.00%
	0
	0.00%


* Admission to intensive care unit or in-hospital cardiac arrest in emergency department
† Admission to general ward or transfer to other hospital
[bookmark: _Hlk77967614]CMUH, China Medical University Hospital; AUH, Asia University Hospital; SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; COPD, chronic obstructive pulmonary disease; ED, emergency department; DLOS, discharge length of stay; TTAS, Taiwan Triage and Acuity Scale



	Supplementary Table 4 DeLong test comparing the AUROCs of different classifiers on the CMUH and the AUH cohorts

	CMUH Cohort
	Delong test

	Primary outcome
	
	

	
	AUROC
	CatBoost
	GB
	LR
	RF
	ET
	LR-TTAS

	LGB
	0.937
	0.06
	<0.05*
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	CatBoost
	0.935
	
	0.06*
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	GB
	0.932
	
	
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	LR
	0.928
	
	
	
	0.50
	<0.05*
	<0.05*

	RF
	0.926
	
	
	
	
	<0.05*
	<0.05*

	ET
	0.919
	
	
	
	
	
	<0.05*

	LR-TTAS
	0.858
	
	
	
	
	
	

	Secondary
outcome
	AUROC
	ET
	LGB
	CatBoost
	GB
	LR
	LR-TTAS

	RF
	0.847
	<0.05*
	<0.05*
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	ET
	0.843
	
	0.06
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	LGB
	0.841
	
	
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	CatBoost
	0.839
	
	
	
	<0.05*
	<0.05*
	<0.05*

	GB
	0.829
	
	
	
	
	<0.05*
	<0.05*

	LR
	0.800
	
	
	
	
	
	<0.05*

	LR-TTAS
	0.666
	
	
	
	
	
	

	AUH Cohort
	Delong test

	Primary outcome
	
	

	
	AUROC
	LGB
	CatBoost
	LR
	RF
	ET
	LR-TTAS

	GB
	0.933
	0.45
	<0.05*
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	LGB
	0.932
	
	0.08
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	CatBoost
	0.929
	
	
	0.57
	<0.05*
	<0.05*
	<0.05*

	LR
	0.928
	
	
	
	<0.05*
	<0.05*
	<0.05*

	RF
	0.916
	
	
	
	
	<0.05*
	<0.05*

	ET
	0.905
	
	
	
	
	
	<0.05**

	LR-TTAS
	0.896
	
	
	
	
	
	

	Secondary
outcome
	AUROC
	CatBoost
	RF
	GB
	ET
	LR
	LR-TTAS

	LGB
	0.815
	0.40
	<0.05*
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	CatBoost
	0.815
	
	<0.05*
	<0.05*
	<0.05*
	<0.05*
	<0.05*

	RF
	0.807
	
	
	0.33
	<0.05*
	<0.05*
	<0.05*

	GB
	0.805
	
	
	
	0.18
	<0.05*
	<0.05*

	ET
	0.802
	
	
	
	
	<0.05*
	<0.05*

	LR
	0.792
	
	
	
	
	
	<0.05*

	LR-TTAS
	0.676
	
	
	
	
	
	

	* Represents significant comparison differences between models
AUH, Asian University Hospital; AUROC, area under the receiver operating characteristic curve; CatBoost, Categorical Boosting; CMUH, China Medical University Hospital; ET, Extremely Randomized Trees; GB, Gradient Boosting; LGB, Light Gradient Boosting Machine; LR, Logistic Regression; LR-TTAS, Logistic Regression-Taiwan Triage and Acuity Scale; RF, random forest.







	Supplementary table 5 Hyperparameter Search Space and Optimal Values for Random Forest Model

	
	Search Dimension
	Optimal Value

	max_depth
	5,20
	19

	min_sample_leaf
	1,5
	2

	min_sample_split
	2,10
	7

	n_estimators
	50,200
	178

	max_features
	‘sqrt’, ’Log2’, None
	None




