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Table S1. Partner-Specific study dates
	Partner Healthcare System
	State
	Start Date
	End Date

	Baylor Scott & White Health
	Texas
	September 11, 2021a
	March 18, 2023 

	Columbia University
	New York
	June 30, 2021
	March 17, 2023 

	Health Partners
	Minnesota, Wisconsin
	July 2, 2021
	March 24, 2023 

	Intermountain Healthcare 
	Utah
	June 1, 2021
	March 24, 2023 

	Kaiser Permanente Northern California 
	California
	June 23, 2021
	March 29, 2023 

	Kaiser Permanente Center for Health Research 
	Oregon, Washington
	July 1, 2021
	March 18, 2023 

	Regenstrief Institute 
	Indiana
	July 3, 2021
	March 14, 2023 

	University of Colorado
	Colorado
	June 3, 2021
	March 12, 2023 





a Data capture at Baylor Scott & White Health began on September 11, 2021 due to incomplete vaccination records during the initial period of Delta predominance (June 20-September 10, 2021).
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Table S2. International Classification of Disease codes for underlying medical conditions, by category or sub-category
	Category/Subcategory
	ICD-10 Code

	Respiratory/Pulmonary
	

	Asthma
	J45.*

	COPD
	J40*, J41.*, J42*, J43.*, J44.*

	Cardiovascular
	

	Heart Failure
	I50.* 

	Ischemic Heart Disease
	I21.*, I22.*, I23.*, I24.*, I25.*

	Hypertension
	I10.*, I11.*, I13.*, I15.*

	Congenital Heart Disease
	Q20*, Q21*, Q22*, Q23*, Q24*, Q25*, Q26*, Q27.0, Q27.3*, Q27.4, Q27.8, Q27.9, Q28*, Q33*, Q89.3

	Cerebrovascular
	

	Stroke
	I60.*, I61.*, I63.*

	Other Cerebrovascular Disease
	I62.*, I68.*, I69.*

	Neurological/ Musculoskeletal
	

	Dementia
	F01.*, F02.*, F03.*, G30.*

	Other Neuromuscular Disease
	E75.02, E75.19, E75.4, F71.*, F72.*, F73.*, F84.2, G10.*, G11.*, G12.*, G13.*, G14.*, G20.*, G21.*, G23.*, G24.*, G25.*, G26.*, G31.*, G32.*, G35.*, G36.*, G37.*,G40.*, G45.*, G46.*, G60.*, G61.*, G62.*, G63.*, G64.*, G70.*, G71.*,  G73.*, G80.*, G81.*, G82.*, G83.*, G90.3, G91.*, G93.*, G94.*, G95.*, G99.2, H49.81*, M12.0*, M36.0, P91.*, Q00.*, Q01.*, Q02.*, Q03.*, Q04.*, Q05.*, Q06.*, Q07.*, Q76.*, Q77.*, Q78.*, Q79.*, Q85.*, Q87.4*, Q91.*, Q92.*, Q93.*, Q96.*, R41.*, R53.2, R54.*

	Down Syndrome
	Q90.*

	Endocrine/Metabolic
	

	      Diabetes (All Types)
	E08.*, E09.*, E10.*, E11.*, E13.*

	      Other Endocrine/Metabolic Disease
	E00.*, E01.*, E03.*, E05.*, E06.*, E15.* , E16.*, E20.*, E21.*, E22.*, E23.*, E24.*, E25.*, E26.*, E27.*, E28.*, E29.*, E31.*, E32.*, E34.*, E70.*, E71.*, E72.*, E74.*, E75.2*, E76.*, E77.*, E78.*, E79.*, E80.*, E83.*, E85.*, E88.02, E88.09, E88.1, E88.2, E88.3, E88.4*, E88.8*, E88.9*, Z68.4*

	Hematologic
	D55.*, D56.0, D56.1, D56.2, D56.4, D56.5, D56.8, D56.9, D57.0*, D57.1, D57.2*, D57.4*, D57.8*, D58.*, D59.*, D60.*, D61.*, D64.0, D64.1, D64.2, D64.3, D64.4, D64.8*, D65.*, D66.*, D67.*, D68.*

	Renal
	I12.*, I13.* N01.*, N02.*, N03.*, N04.*, N05.*, N06.*, N07.*, N08.*, N11.*, N14.*, N15.*, N16.*, N18.*, N25.*, N26.*, N28.*, Q27.1, Q27.2, Q60.*, Z49.*, Z91.15, Z94.0, Z99.2

	Hepatic
	B18.*, I81.*, I85.*, K70.*, K71.*, K72.*, K73.*, K74.*, K75.*, K76.*, K77.*

	Immunocompromising
	C00.*, C01.*, C02.*, C03.*, D3A.*, C04.*, C05.*, C06.*, C07.*, C08.*, C09.*, C10.*, C11.*, C12.*, C13.*, C14.*, C15.*, C16.*, C17.*, C18.*, C19.*, C20.*, C21.*, C22.*, C23.*, C24.*, C25.*, C26.*, C27.*, C28.*, C29.*, C30.*, C31.*, C32.*, C33.*, C34.*, C35.*, C36.*, C37.*, C38.*, C39.*, C40.*, C41.*, C42.*, C43.*, C44.*, C45.*, C46.*, C47.*, C48.*, C49.*, C4A.*, C50.*, C51.*, C52.*, C53.*, C54.*, C55.*, C56.*, C57.*, C58.*, C59.*, C60.*, C61.*, C62.*, C63.*, C64.*, C65.*, C66.*, C67.*, C68.*, C69.*, C70.*, C71.*, C72.*, C73.*, C74.*, C75.*, C76.*, C77.*, C78.*, C79.*, C7A.*, C7B.*, C80.*, C81.*, C82.*, C83.*, C84.*, C85.*, C86.*, C88.*, C90.*, C91.*, C92.*, C93.*, C94.*, C95.*, C96.*, D27.9, D47.Z1, D61.0*, D61.2, D61.9, D70.0, D71.*, D72.89, D80.*, D81.0, D81.1, D81.2, D81.4, D81.5, D81.6, D81.7, D81.8*, D81.9, D82.*, D83.*, D84.*, D86.*, D87.89, D89, D89.0, D89.1, D89.3, D89.4*, D89.8*, D89.9, E85.1, E85.2, E85.3, E85.4, E85.8*, E85.9, G35.*, J67.9.*, K70.3*, K70.4*, K72.*, K74.3, K74.4, K74.5, K74.6, L40.54, L40.59, L93.0.*, L93.2.*, L94.*, M05.*, M06.*, M07.*, M08.*, M30.*, M31.3*, M31.5*, M32.*, M33.*, M34.*, M35.3*, M35.8*, M35.9*, M46.*, N04.*, R18.0, T78.40*, T86.0, T86.1, T86.2, T86.3, T86.4, T86.5, T86.81, T86.85, Z48.2.*, Z51.0, Z51.1*,  Z94.*, Z98.85  


Abbreviations: COPD = chronic obstructive pulmonary disease; ICD-10 = International Classification of Diseases, 10th Revision
* Includes all sub-codes.

Table S3. Clinical outcomes of hospitalized adults by Delta and Omicron sub-lineage predominant periods, VISION Network, June 1, 2021–March 29, 2023
	
	Overall
	Variant predominant perioda
	p-valueb

	
	
	Delta
	BA.1
	BA.2
	BA.4/BA.5
	Post-BA.4/BA.5
	

	
	n (Col %)
	n (Col %)
	n (Col %)
	n (Col %)
	n (Col %)
	n (Col %)
	

	All Hospitalizations, n
	60488
	23916
	14869
	3549
	8655
	9499
	

	Type of diagnosis (not mutually exclusive):
	
	
	
	
	
	
	

	Signs and symptoms diagnosis
	35091 (58.0)
	11819 (49.4)
	9236 (62.1)
	2203 (62.1)
	5795 (67.0)
	6038 (63.6)
	<0.001

	ARDS
	3190 (5.3)
	2064 (8.6)
	820 (5.5)
	43 (1.2)
	122 (1.4)
	141 (1.5)
	<0.001

	Respiratory Failure
	34105 (56.4)
	15746 (65.8)
	8264 (55.6)
	1637 (46.1)
	3870 (44.7)
	4588 (48.3)
	<0.001

	All Cause Pneumonia
	36684 (60.6)
	17635 (73.7)
	9379 (63.1)
	1661 (46.8)
	3611 (41.7)
	4398 (46.3)
	<0.001

	Other acute clinical respiratory diagnosis
	48598 (80.3)
	21368 (89.3)
	11889 (80.0)
	2526 (71.2)
	5843 (67.5)
	6972 (73.4)
	<0.001

	Non-invasive mechanical ventilationc,d
	4751/33411 (14.2)
	2004/12710 (15.8)
	1282/8940 (14.3)
	206/1810 (11.4)
	541/4804 (11.3)
	718/5147 (13.9)
	<0.001

	Invasive mechanical ventilationd
	5171/48441 (10.7)
	2744/17809 (15.4)
	1268/12369 (10.3)
	166/3140 (5.3)
	466/7135 (6.5)
	527/7988 (6.6)
	<0.001

	ICU admission and/or in-hospital death
	13536 (22.4)
	5934 (24.8)
	3561 (23.9)
	612 (17.2)
	1590 (18.4)
	1839 (19.4)
	<0.001

	ICU admission
	11408 (18.9)
	4996 (20.9)
	2916 (19.6)
	526 (14.8)
	1389 (16.0)
	1581 (16.6)
	<0.001

	In-hospital death
	5708 (9.4)
	2767 (11.6)
	1647 (11.1)
	181 (5.1)
	458 (5.3)
	655 (6.9)
	<0.001

	Hospital length of stay, median (IQR), days
	
	
	
	
	
	
	

	All hospitalizations
	
	
	
	
	
	
	<0.001

	Among all survivors
	5 (3, 10)
	6 (3, 11)
	5 (3, 11)
	4 (2, 8)
	4 (3, 8)
	4 (3, 8)
	<0.001

	Among survivors with an ICU admission
	5 (3, 9)
	5 (3, 10)
	5 (3, 10)
	4 (2, 8)
	4 (3, 8)
	4 (3, 7)
	<0.001

	Among in-hospital deaths
	9 (5, 19)
	11 (6, 22)
	11 (5, 21)
	7 (4, 15.5)
	8 (4, 15)
	7 (4, 14)
	<0.001


Abbreviations: ARDS = acute respiratory distress syndrome; ICU = intensive care unit; IQR = interquartile range
a Date ranges across sites for variant predominant periods included: Delta = June 1, 2021–December 29, 2021; Omicron BA.1 = December 16, 2021–March 30, 2022; Omicron BA.2/BA.2.12.1 = March 17, 2022–June 29, 2022; Omicron BA.4/BA.5 = June 19, 2022–October 29, 2022; post-Omicron-BA.5 = October 29, 2022–March 29, 2023.
b The Cochran-Armitage test was used for binary variables and the Jonckheere–Terpstra test was performed for continuous variables.
c Non-invasive mechanical ventilation includes bivalve positive airway pressure (BiPAP) or continuous positive airway pressure (CPAP).
d 138 of 254 (54.3%) of hospitals contributed full data on supplementary oxygen support. Data on non-invasive mechanical ventilation was not collected from Kaiser Permanente Northern California. Columbia University and some hospitals from Regenstrief Institute did not report data on non-invasive or invasive mechanical ventilation. Denominators for these outcomes are noted. 
Table S4. Most common combinations of four or more categories of underlying medical conditions among adults hospitalized with COVID-19 by Delta and Omicron sub-lineage predominant periods, June 1, 2021–March 29, 2023

	
	Rank, N (%)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	1502/13889 (11%)
	1264/13889 (9%)
	1163/13889 (8%)
	757/13889 (5%)
	451/13889 (3%)
	426/13889 (3%)
	420/13889 (3%)
	314/13889 (2%)
	263/13889 (2%)
	255/13889 (2%)

	Pulmonary 
	
	✓
	✓
	✓
	
	
	
	✓
	
	✓

	Cardiovascular
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	

	Cerebrovascular 
	
	
	
	
	✓
	
	
	
	
	

	Neurological or Musculoskeletal 
	✓
	✓
	
	✓
	✓
	
	✓
	
	✓
	✓

	Endocrine or Metabolic 
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	Hematologic 
	
	
	
	
	
	
	
	
	
	

	Renal
	✓
	
	✓
	✓
	
	✓
	
	
	✓
	✓

	Hepatic 
	
	
	
	
	
	
	
	
	
	

	Immune
	
	
	
	
	
	✓
	✓
	✓
	✓
	


✓ indicates presence of category of underlying medical condition


[bookmark: _Hlk127355682]Figure S1. Weekly numbers of adults with COVID-19-associated hospitalizations and percentage with non-invasive mechanical ventilation, invasive mechanical ventilation, intensive care unit admission, and/or in-hospital death across four variant predominant periods, VISION Network, June 2021–March 4, 2023a,b
[image: ]
Abbreviations: Epi week = CDC epidemiological surveillance week; NMV = non-invasive mechanical ventilation; IMV = invasive mechanical ventilation; ICU = intensive care unit; Combined = Combined outcome of non-invasive mechanical ventilation, invasive mechanical ventilation, intensive care unit admission, and/or in-hospital death
a Data is included starting on epi week 26 in 2021 (beginning June 27th) and ends on epi week 9 in 2023 (through March 4th). This figure includes sites for which data was available on all included measured outcomes. 
b Data on non-invasive mechanical ventilation was not collected from Kaiser Permanente Northern California. Columbia University and some hospitals from Regenstrief Institute did not report data on non-invasive or invasive mechanical ventilation.

Figure S2A. Risk factors for non-invasive and/or invasive mechanical ventilation by Delta and Omicron sub-lineage predominant periods among unvaccinated adults, VISION Network, June 1, 2021–March 29, 2023
[image: ]
Abbreviations: COPD = chronic obstructive pulmonary disease; aRR = adjusted risk ratio 
a Post BA.1 includes BA.2, BA.4/BA.5, and post-BA.5
b Adjusted for age, sex, race, Hispanic ethnicity, Medicaid status, underlying medical conditions (number of medical conditions and by individual conditions), and facility characteristics (VISION Network Partner, hospital size, hospital type, urban/rural classification).
c Estimated from a model containing background variables and number of underlying medical condition (UMC) categories. Categories of UMCs include respiratory or pulmonary, cardiovascular, cerebrovascular, neurological or musculoskeletal, endocrine or metabolic, hematologic, renal, hepatic, and immunocompromising.
d Reference group.
e Reference for underlying medical condition is no presence of condition
f Includes conditions such as iodine-deficiency, hyper/hypothyroidism, thyroiditis, hyper/hypofunction of pituitary gland, Cushing’s syndrome, amyloidosis, and other metabolic disorders. 

Figure S2B. Risk factors for non-invasive and/or invasive mechanical ventilation by Delta and Omicron sub-lineage predominant periods among vaccinated adults, VISION Network, June 1, 2021–March 29, 2023
[image: ]
Abbreviations: COPD = chronic obstructive pulmonary disease; aRR = adjusted risk ratio
a Includes BA.2, BA.4/BA.5, post-BA.5
b Adjusted for age, sex, race, Hispanic ethnicity, Medicaid status, underlying medical conditions (number of medical conditions and by individual conditions), facility characteristics (VISION Network Partner, hospital size, hospital type, urban/rural classification), and primary series vs primary series plus one or more boosters.
c Estimated from a model containing background variables and number of underlying medical condition (UMC) categories. Categories of UMCs include respiratory or pulmonary, cardiovascular, cerebrovascular, neurological or musculoskeletal, endocrine or metabolic, hematologic, renal, hepatic, and immunocompromising.
d Reference group.
e Reference for underlying medical condition is no presence of condition.
f Includes conditions such as iodine-deficiency, hyper/hypothyroidism, thyroiditis, hyper/hypofunction of pituitary gland, Cushing’s syndrome, amyloidosis, and other metabolic disorders. 

Figure S3. Proportion of patients with ICU admission and/or in-hospital death by number of underlying medical condition categories, overall and across Delta and Omicron sub-lineage predominant periods, VISION Network, June 2021–March 2023a
[image: Chart

Description automatically generated]
Abbreviations: UMC = Underlying medical condition; severe outcome = ICU admission or in-hospital death
a Categories of UMCs include respiratory or pulmonary, cardiovascular, cerebrovascular, neurological or musculoskeletal, endocrine or metabolic, hematologic, renal, hepatic, and immunocompromising
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Modicaid i
No 1989/ 11740 (17%) Ref ! 40212029 (20%) Ref 53812849 (19%) Ref 1049/ 6861 (15%) Ref
Yes 328/1437 (23%) 097 (0.67-1.08) s 711250 @8%) 103 (081-1.30) 108/465 (23%) 093 (0.77-1.13) 1491719 21%)  0.97 (0.62114)
Unkoown ors5.0% 3 or57.0% o1580%)
Underlying medical conditions by number © H
04 22/565(4%)  040(026062) et | 5/82(6%)  043(0.17-108) 6/158(4%)  035(0.15081) re! 11/325(%)  0.44(023:082)
1 w1157 (0% ot 3 w1251(10%) Rl w351 (190 Rl : s En Rt
2-3 1115/7184 (16%) 1,57 (1.33-1.85) i 2561365 (19%) 1.28 (0.92-1.79) 27311730 (16%) 1.34 (0.99-1.81) o 56614080 (14%)  1.83 (1.43-2.35)
>4 103714146 (25%)  2.49 (2.11-295) ! . 1761561 (30%) 2,03 (1.45-285) 3241125 (20%) 246 (1.823.32) —— 53712430 (22%) 285 (222-3.68)
Underlying Medical Conditions by type = H H
Respiratory/Pulmonary ; |
Asthma 257/1220 (21%)  1.23(1.10-1.38) e 48/212(23%)  1.06(0.81-1.38) 781317 (25%)  128(1.04-1.58) o 1317691 (19%) 126 (1.07-147)
coPp 68612892 (24%) 143 (1.32-1.56) . 131/490 (27%)  1.37 (1.14-1.65) 1841759 (24%) 1.40 (1.19-1.64) i 37171643 (20%) 150 (1.34-1.68)
Cardiovascular H H
o Faire ssa s Ge) 160 (147475) [ 55 /55000%) 12810415 0y 11 | e 550/ 2101 2a%) 176.(155:99)
Ischemic Heart Disease 87414065 (22%)  1.07 (0.99-1.16) - 1671675 (25%)  1.06 (0.88-1.26) 23071050 (22%) 097 (0.83-1.13) 47712339 (20%) 116 (1.04-1.30)
Hypertension 152018024 (19%) 1,03 (084-1.12) o 319/ 1408 (23%) 107 (0.88-1.31) 412/1988(21%) 101(086-118) 798 /4628 (17%) 1,01 (0.69-1.14)
Cerebrovascular 1937800 (24%) 1.7 (1.03-1.32) o 37/116(32%)  1.08 (0.81-1.46) 52/212(25%)  1.09 (0.85-1.38) o 1047472 (22%)  1.28 (1.08-1.52)
Neurological/Musculoskeletal 108515322 (20%) 135 (1.25-1.45) e 210/808 (26%) 1,50 (1.27-1.77) 306/ 1292 (24%) 149 (120-1.71) T 549/3222(17%)  1.27 (1.14-1.41)
Endocrine/Metabolic : i
Diabetes (All Types) 1119/542221%) 110 (1.01-1.18) - 263/1081 (24%) 1.28 (1.08-151) 312/1473 21%) 101(088117) 5442868 (19%) 1,05 (094-1.17)
Other EndocrinelMetaboli Disease 1713 / 8878 (19%)  1.16 (1.06-1.27) i 350/ 1573 (23%) 115 (094-1.41) 47512239 (21%) 116 (0.98-137) tef 8795065 (17%)  1.14 (1.00-1.26)
Hematologic 302/1098 (26%) 133 (1.20-1.48) Ve 53/159(33%) 148 (1.16-1.87) 100/323 (34%) 143 (1.19-1.71) e 140/616 (23%) 119 (1.02-1.40)
Renal 101814787 21%) 119 (1.10-1.29) [ 1771796 (22%) 099 (0.83-1.19) 303/ 1280 (24%) 123 (1.06-1.43) e 538/2710 (20%)  1.24 (1.11-1.39)
Hepatic 238/874 27%) 126 (1.14-143) e 417120 (34%) 144 (1.11-1.89) 731269 27%)  122(099-1.50) ioe 1241485 (26%) 132 (1.12156)
Immunocompromising 42171934 (22%)  143(1.03-1.24) o 20199@4%)  1.03(071-1.48) 1291486 (27%) 121 (1.02-1.45) = 26811348 (20%)  1.23 (1.08-1.39)
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