Table 1. Baseline characteristics of the four analysis cohorts.
	Characteristic
	UMN development
	UMN internal validation
	BIDMC
	Stanford

	Encounters, n
	1,313,435
	350,842
	422,114
	117,046

	Demographics
	 
	 
	 
	 

	Age
	49.9 [33.2, 67.8]
	51.3 [34.2, 69.6]
	54.0 [35.0, 69.0]
	54.0 [36.0, 70.0]

	Triage vital signs
	 
	 
	 
	 

	Diastolic blood pressure at triage
	78.0 [69.0, 88.0]
	78.0 [69.0, 87.0]
	77.0 [68.0, 86.0]
	79.0 [69.0, 88.0]

	Oxygen saturation at triage
	98.0 [97.0, 99.0]
	98.0 [97.0, 99.0]
	99.0 [98.0, 100.0]
	99.0 [98.0, 100.0]

	Respiratory rate at triage
	18.0 [16.0, 18.0]
	18.0 [17.0, 18.0]
	18.0 [16.0, 18.0]
	18.0 [16.0, 18.0]

	Heart rate at triage
	80.0 [70.0, 89.0]
	79.0 [69.0, 90.0]
	84.0 [73.0, 95.0]
	85.0 [74.0, 97.0]

	Chief complaints
	 
	 
	 
	 

	Chief complaint: shortness of breath
	90,481 (7.1%)
	24,227 (7.1%)
	24,845 (5.9%)
	10,201 (8.7%)

	Chief complaint: fever or chills
	31,121 (2.4%)
	7,629 (2.2%)
	14,394 (3.4%)
	4,602 (3.9%)

	Comorbidities
	 
	 
	 
	 

	Pulmonary hypertension
	90,465 (6.9%)
	24,793 (7.1%)
	19,518 (4.6%)
	5,172 (4.4%)

	Fluid and electrolyte disorders
	376,790 (28.7%)
	109,405 (31.2%)
	79,321 (18.8%)
	13,995 (12.0%)

	Myocardial infarction
	93,495 (7.1%)
	27,246 (7.8%)
	23,931 (5.7%)
	4,659 (4.0%)

	Chronic pulmonary disease
	291,858 (22.2%)
	78,871 (22.5%)
	60,008 (14.2%)
	11,162 (9.5%)

	Renal disease
	173,919 (13.2%)
	55,122 (15.7%)
	41,229 (9.8%)
	8,980 (7.7%)

	Endpoints
	 
	 
	 
	 

	Hospitalization
	267,978 (20.40%)
	69,331 (19.76%)
	202,304 (47.93%)
	29,224 (24.97%)

	critical outcome
	12,171 (0.93%)
	1,392 (0.40%)
	28,013 (6.64%)
	2,749 (2.35%)

	Sepsis
	33,419 (2.54%)
	9,386 (2.68%)
	11,388 (2.70%)
	843 (0.72%)

	Viral pneumonia
	11,791 (0.90%)
	1,344 (0.38%)
	1,488 (0.35%)
	290 (0.25%)

	ARDS
	1,352 (0.10%)
	199 (0.06%)
	436 (0.10%)
	37 (0.03%)

	Pulmonary embolism
	9,352 (0.71%)
	2,596 (0.74%)
	4,017 (0.95%)
	473 (0.40%)

	COPD/asthma exacerbation
	30,036 (2.29%)
	8,647 (2.46%)
	8,182 (1.94%)
	631 (0.54%)

	Acute coronary syndrome
	25,083 (1.91%)
	7,922 (2.26%)
	8,687 (2.06%)
	929 (0.79%)

	Acute kidney injury
	55,612 (4.23%)
	18,429 (5.25%)
	31,249 (7.40%)
	739 (0.63%)


Notes: Continuous variables are median [IQR]; categorical variables are n (%). The UMN development cohort is 2019-2023; a random 20% of it (n = 262,687) was held out within the development data for variable selection and is not reported separately. The UMN internal validation set is the 2024-2025 holdout. Missingness for each variable is reported in eTable 3.

Table 2. Discrimination on the UMN internal validation set, twelve-variable model.
	AUROC
	
	
	
	
	
	
	

	Outcome
	MultiDiseasePred
	XGBoost
	LightGBM
	HistGradientBoosting
	Random Forest
	Logistic Regression
	NEWS

	Sepsis
	0.8437 (0.8398–0.8476)
	0.8425 (0.8386–0.8464)
	0.8415 (0.8376–0.8455)
	0.8422 (0.8383–0.8461)
	0.8362 (0.8321–0.8402)
	0.8292 (0.8251–0.8332)
	0.6511 (0.6451–0.6571)

	Viral pneumonia
	0.8724 (0.8634–0.8814)
	0.8700 (0.8606–0.8793)
	0.8664 (0.8568–0.8759)
	0.8692 (0.8598–0.8786)
	0.8608 (0.8508–0.8708)
	0.8495 (0.8388–0.8603)
	0.7209 (0.7057–0.7362)

	ARDS
	0.8966 (0.8770–0.9162)
	0.8962 (0.8772–0.9153)
	0.8466 (0.8173–0.8759)
	0.8828 (0.8607–0.9048)
	0.8771 (0.8522–0.9020)
	0.8723 (0.8465–0.8980)
	0.7756 (0.7396–0.8116)

	Pulmonary embolism
	0.9645 (0.9611–0.9678)
	0.9631 (0.9596–0.9666)
	0.9618 (0.9581–0.9654)
	0.9613 (0.9576–0.9650)
	0.9590 (0.9548–0.9632)
	0.9426 (0.9363–0.9489)
	0.6156 (0.6044–0.6267)

	COPD/asthma exacerbation
	0.9634 (0.9621–0.9647)
	0.9631 (0.9617–0.9644)
	0.9628 (0.9615–0.9642)
	0.9624 (0.9610–0.9638)
	0.9616 (0.9602–0.9631)
	0.9592 (0.9577–0.9607)
	0.7272 (0.7212–0.7332)

	Acute coronary syndrome
	0.9105 (0.9078–0.9133)
	0.9093 (0.9065–0.9120)
	0.9081 (0.9052–0.9110)
	0.9081 (0.9053–0.9109)
	0.9043 (0.9014–0.9073)
	0.8819 (0.8781–0.8857)
	0.5843 (0.5777–0.5909)

	Acute kidney injury
	0.8490 (0.8464–0.8515)
	0.8479 (0.8453–0.8505)
	0.8477 (0.8451–0.8502)
	0.8479 (0.8453–0.8505)
	0.8444 (0.8418–0.8471)
	0.8368 (0.8341–0.8396)
	0.5759 (0.5716–0.5802)

	Average, seven acute conditions
	0.9000 (0.8966–0.9034)
	0.8989 (0.8955–0.9022)
	0.8907 (0.8859–0.8955)
	0.8962 (0.8924–0.9000)
	0.8919 (0.8878–0.8960)
	0.8816 (0.8774–0.8858)
	0.6644 (0.6576–0.6712)

	Hospitalization
	0.7896 (0.7877–0.7915)
	0.7890 (0.7871–0.7909)
	0.7891 (0.7872–0.7910)
	0.7892 (0.7873–0.7911)
	0.7870 (0.7851–0.7889)
	0.7740 (0.7720–0.7759)
	0.5629 (0.5606–0.5652)

	critical outcome
	0.9145 (0.9078–0.9213)
	0.9180 (0.9114–0.9246)
	0.9167 (0.9101–0.9234)
	0.9177 (0.9110–0.9243)
	0.9072 (0.8995–0.9148)
	0.8951 (0.8867–0.9036)
	0.8005 (0.7871–0.8139)

	AUPRC
	
	
	
	
	
	
	

	Outcome
	MultiDiseasePred
	XGBoost
	LightGBM
	HistGradientBoosting
	Random Forest
	Logistic Regression
	NEWS

	Sepsis
	0.1901 (0.1824–0.1978)
	0.1902 (0.1824–0.1980)
	0.1881 (0.1802–0.1959)
	0.1866 (0.1790–0.1943)
	0.1843 (0.1768–0.1918)
	0.1588 (0.1525–0.1651)
	0.0684 (0.0647–0.0722)

	Viral pneumonia
	0.0387 (0.0326–0.0448)
	0.0362 (0.0310–0.0413)
	0.0345 (0.0298–0.0392)
	0.0362 (0.0309–0.0415)
	0.0369 (0.0315–0.0424)
	0.0331 (0.0287–0.0376)
	0.0166 (0.0142–0.0190)

	ARDS
	0.0216 (0.0033–0.0399)
	0.0215 (0.0019–0.0411)
	0.0087 (0.0007–0.0167)
	0.0121 (0.0037–0.0205)
	0.0220 (0.0029–0.0411)
	0.0116 (0.0006–0.0225)
	0.0083 (0.0000–0.0166)

	Pulmonary embolism
	0.2817 (0.2630–0.3004)
	0.2753 (0.2564–0.2942)
	0.2676 (0.2488–0.2864)
	0.2671 (0.2486–0.2856)
	0.2799 (0.2610–0.2989)
	0.2527 (0.2351–0.2703)
	0.0138 (0.0125–0.0150)

	COPD/asthma exacerbation
	0.4856 (0.4735–0.4977)
	0.4792 (0.4672–0.4913)
	0.4776 (0.4656–0.4897)
	0.4752 (0.4630–0.4872)
	0.4796 (0.4679–0.4913)
	0.4462 (0.4350–0.4574)
	0.1075 (0.1020–0.1130)

	Acute coronary syndrome
	0.2322 (0.2230–0.2414)
	0.2298 (0.2206–0.2389)
	0.2273 (0.2181–0.2365)
	0.2253 (0.2164–0.2342)
	0.2232 (0.2142–0.2323)
	0.1986 (0.1900–0.2073)
	0.0396 (0.0376–0.0417)

	Acute kidney injury
	0.2412 (0.2356–0.2468)
	0.2389 (0.2336–0.2442)
	0.2385 (0.2332–0.2438)
	0.2399 (0.2343–0.2455)
	0.2355 (0.2299–0.2411)
	0.2244 (0.2188–0.2300)
	0.0794 (0.0771–0.0817)

	Average, seven acute conditions
	0.2130 (0.2081–0.2180)
	0.2102 (0.2050–0.2153)
	0.2060 (0.2019–0.2102)
	0.2061 (0.2019–0.2102)
	0.2088 (0.2040–0.2136)
	0.1893 (0.1851–0.1936)
	0.0477 (0.0458–0.0496)

	Hospitalization
	0.5053 (0.5011–0.5094)
	0.5054 (0.5011–0.5097)
	0.5052 (0.5009–0.5095)
	0.5052 (0.5010–0.5094)
	0.4993 (0.4951–0.5036)
	0.4777 (0.4736–0.4818)
	0.2528 (0.2503–0.2552)

	critical outcome
	0.1092 (0.0922–0.1261)
	0.1225 (0.1051–0.1400)
	0.1137 (0.0966–0.1308)
	0.1150 (0.0980–0.1321)
	0.1104 (0.0939–0.1269)
	0.0649 (0.0556–0.0741)
	0.0412 (0.0334–0.0489)


Notes: Values are point estimate (95% confidence interval) from 1,000 bootstrap resamples. n = 350,842 encounters, University of Minnesota, 2024-2025, held out by time and used for no other purpose. Confidence intervals overlap for most pairwise comparisons; differences are described only where they do not. The same comparison in the remaining three cohorts is reported in eTable 5. AUROC, area under the receiver operating characteristic curve; AUPRC, area under the precision-recall curve; NEWS, National Early Warning Score. Hospitalization and critical outcome are secondary endpoints and are averaged separately, because disposition additionally reflects operational factors.
Table 3. External validation without local retraining or recalibration, twelve-variable model.
	Endpoint
	BIDMC AUROC (95% CI)
	BIDMC AUPRC (95% CI)
	Stanford AUROC (95% CI)
	Stanford AUPRC (95% CI)

	Sepsis
	0.8381 (0.8346–0.8416)
	0.1828 (0.1757–0.1898)
	0.8825 (0.8720–0.8929)
	0.0789 (0.0654–0.0924)

	Viral pneumonia
	0.7467 (0.7339–0.7596)
	0.0121 (0.0107–0.0134)
	0.8033 (0.7741–0.8325)
	0.0205 (0.0148–0.0261)

	ARDS
	0.7737 (0.7509–0.7965)
	0.0080 (0.0051–0.0109)
	0.8550 (0.7900–0.9200)
	0.0036 (0.0000–0.0097)

	Pulmonary embolism
	0.7438 (0.7359–0.7516)
	0.0502 (0.0449–0.0554)
	0.9324 (0.9189–0.9458)
	0.1424 (0.1189–0.1659)

	COPD/asthma exacerbation
	0.8478 (0.8429–0.8526)
	0.2316 (0.2218–0.2414)
	0.9147 (0.9004–0.9290)
	0.1726 (0.1477–0.1976)

	Acute coronary syndrome
	0.7907 (0.7866–0.7948)
	0.0782 (0.0748–0.0816)
	0.8896 (0.8780–0.9012)
	0.1311 (0.1155–0.1467)

	Acute kidney injury
	0.8079 (0.8056–0.8102)
	0.2464 (0.2421–0.2508)
	0.7870 (0.7718–0.8023)
	0.0215 (0.0185–0.0246)

	Average, seven acute conditions
	0.7927 (0.7885–0.7968)
	0.1156 (0.1134–0.1178)
	0.8664 (0.8548–0.8779)
	0.0815 (0.0760–0.0870)

	Hospitalization
	0.6905 (0.6889–0.6921)
	0.6727 (0.6703–0.6751)
	0.6766 (0.6730–0.6803)
	0.4145 (0.4089–0.4201)

	critical outcome
	0.7080 (0.7049–0.7111)
	0.1798 (0.1754–0.1841)
	0.7442 (0.7348–0.7535)
	0.1050 (0.0940–0.1160)


Notes: Values are point estimate (95% confidence interval) from 1,000 bootstrap resamples. BIDMC n = 422,114; Stanford n = 117,046. The model was applied without retraining and without recalibration. Event counts for each endpoint are given in eTable 8. AUROC, area under the receiver operating characteristic curve; AUPRC, area under the precision-recall curve. Hospitalization and critical outcome are secondary endpoints and are averaged separately.

