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Supplemental Figures

Figure S1. Multistate model structure. ICU: intensive care unit
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Figure S2. Flow diagram. ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker, COVID-19: Coronavirus disease-19
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Supplemental Tables


Table S1. Complications at any time during hospitalization

	Complication
	ACEi/ARB 
n (%)
	Available number
	non-ACEi/ARB 
n (%)
	Available number
	p value

	Stroke
	26 (6)
	464
	8 (5)
	176
	0.7

	Heart failure
	39 (9)
	457
	18 (10)
	175
	0.53

	Cardiac ischemia
	154 (33)
	462
	45 (25)
	178
	0.055

	Cardiac arrhythmia
	21 (5)
	459
	12 (7)
	173
	0.31

	Cardiac arrest
	80 (17)
	466
	41 (23)
	176
	0.089


   ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker


Table S2. Expected length of ICU and hospital stay and mortality risk estimated from the multistate model

	
	Expected Length of stay:
Mean days (95% CI)
	Mortality risk following ICU admission: Mean % (SE)

	
	ICU
	General ward
	30 day
	60 day
	90 day

	ACEi/ARB
	21.4 (19.9 to 23.0)
	6.7 (5.9 to 7.6)
	43.5(2.2)
	50.2 (2.2)
	50.9 (2.2)

	non-ACEi/ARB
	16.2 (14.1 to 18.5)
	6.3 (5.0 to 7.7)
	51.3 (3.6)
	59.3 (3.5)
	59.3 (3.5)


This does not include adjustment for baseline covariates. ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CI: confidence intervals, ICU: intensive care unit, SE: standard error



Table S3. Multi-state Cox proportional hazards model 


	Outcome from ICU admission
	Characteristic
	HR
	SE
	95% CI
	p value

	Death
	Group = ACEi/ARB
	0.73
	0.12
	0.58 to 0.93
	0.011

	
	Age (+ 10 years)
	1.25
	0.05
	1.13 to 1.39
	<0.001

	
	BMI (+ 5kg/m2)
	0.96
	0.04
	0.89 to 1.04
	0.307

	
	Sex = Male
	0.9
	0.12
	0.71 to 1.13
	0.363

	
	Diabetes
	1.14
	0.11
	0.92 to 1.41
	0.224

	
	Smoking
	0.99
	0.13
	0.77 to 1.29
	0.979

	
	Chronic cardiac disease
	1.12
	0.12
	0.88 to 1.42
	0.368

	
	Chronic kidney disease
	1.28
	0.13
	0.98 to 1.66
	0.069

	
	Week of ICU admission (+ 1 week)
	1.11
	0.03
	1.04 to 1.18
	0.003

	
	Region = Africa
	1.75
	0.47
	0.7 to 4.39
	0.23

	
	Region = Asia
	1.00
	0.28
	0.58 to 1.73
	0.995

	
	Region = Australia and New Zealand
	0.29
	0.74
	0.07 to 1.26
	0.098

	
	Region = Latin America and the Caribbean
	1.05
	0.23
	0.67 to 1.66
	0.819

	
	Region = Northern America
	0.93
	0.15
	0.69 to 1.27
	0.665

	
	Ethnicity = Black
	1.07
	0.19
	0.73 to 1.56
	0.727

	
	Ethnicity = Latin American
	1.09
	0.21
	0.72 to 1.65
	0.685

	
	Ethnicity = South Asian
	3.68
	0.31
	2.00 to 6.76
	<0.001

	
	Ethnicity = Other
	1.19
	0.25
	0.73 to 1.93
	0.483

	Discharged alive
	Group = ACEi/ARB
	0.83
	0.15
	0.62 to 1.11
	0.2

	
	Age (+ 10 years)
	0.86
	0.06
	0.76 to 0.97
	0.015

	
	BMI (+ 5kg/m2)
	0.98
	0.04
	0.91 to 1.06
	0.694

	
	Sex = Male
	0.67
	0.14
	0.51 to 0.88
	0.004

	
	Diabetes
	1.07
	0.13
	0.84 to 1.37
	0.575

	
	Smoking
	1.10
	0.14
	0.84 to 1.44
	0.489

	
	Chronic cardiac disease
	0.85
	0.16
	0.62 to 1.16
	0.314

	
	Chronic kidney disease
	1.15
	0.18
	0.81 to 1.63
	0.431

	
	Week of ICU admission (+ 1 week)
	0.96
	0.05
	0.87 to 1.04
	0.316

	
	Region = Africa
	2.98
	0.65
	0.83 to 10.63
	0.093

	
	Region = Asia
	1.29
	0.39
	0.6 to 2.8
	0.516

	
	Region = Australia and New Zealand
	2.22
	0.54
	0.77 to 6.45
	0.14

	
	Region = Latin America and the Caribbean
	1.99
	0.24
	1.24 to 3.21
	0.005

	
	Region = Northern America
	1.89
	0.17
	1.35 to 2.64
	<0.001

	
	Ethnicity = Black
	0.67
	0.20
	0.45 to 1.00
	0.051

	
	Ethnicity = Latin American
	0.74
	0.21
	0.49 to 1.12
	0.161

	
	Ethnicity = South Asian
	0.19
	0.77
	0.04 to 0.87
	0.032

	
	Ethnicity = Other
	0.52
	0.31
	0.28 to 0.95
	0.035


This accounts for competing risks of in-hospital death and hospital discharge up to 90 days from ICU admission. Effect to patient group (ACEi/ARB, non-ACEi/ARB) assumed fixed over time; random effect per recruiting site. Model results are pooled from 10 rounds of multiple imputation using chained equations (MICE). ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CI: confidence intervals, ICU: intensive care unit, HR: hazard ratio, SE: standard error


Table S4. Propensity score adjusted estimates for the hazards of death and discharge 


	Outcome from ICU admission
	Group
	HR
	SE
	95% CI
	p value

	Death 
	ACEi/ARB
	0.73
	0.12
	0.58 to 0.91
	0.006

	Discharged alive
	ACEi/ARB
	0.85
	0.14
	0.65 to 1.13
	0.272




Table S5. Multi-state Cox proportional hazards model for the hazards of death and discharge among non-ACEi/ARB, ACEi and ARB groups


	Outcome from ICU admission
	Characteristic
	HR
	SE
	95% CI
	p value

	Death
	Group = ACEi
	0.70
	0.14
	0.53 to 0.93
	0.014

	
	Group = ARB
	0.74
	0.14
	0.56 to 0.97
	0.028

	
	Age + 10 years
	1.26
	0.05
	1.13 to 1.4
	<0.001

	
	BMI + 5kg/m2
	0.97
	0.04
	0.89 to 1.05
	0.396

	
	Sex = Male
	0.89
	0.12
	0.7 to 1.13
	0.355

	
	Diabetes
	1.12
	0.11
	0.9 to 1.39
	0.329

	
	Smoking
	1.01
	0.12
	0.79 to 1.29
	0.954

	
	Chronic cardiac disease
	1.09
	0.13
	0.85 to 1.4
	0.492

	
	Chronic kidney disease
	1.28
	0.14
	0.98 to 1.68
	0.072

	
	Week of ICU admission + 1 week
	1.10
	0.04
	1.03 to 1.19
	0.006

	
	Region = Africa
	1.67
	0.47
	0.66 to 4.24
	0.278

	
	Region = Asia
	0.92
	0.28
	0.53 to 1.59
	0.756

	
	Region = Australia and New Zealand
	0.17
	1.03
	0.02 to 1.3
	0.088

	
	Region = Latin America and the Caribbean
	1.14
	0.24
	0.7 to 1.84
	0.596

	
	Region = Northern America
	0.91
	0.16
	0.66 to 1.24
	0.536

	
	Ethnicity = Black
	1.07
	0.19
	0.73 to 1.57
	0.727

	
	Ethnicity = Latin American
	1.04
	0.22
	0.68 to 1.6
	0.843

	
	Ethnicity = South Asian
	3.80
	0.32
	2.04 to 7.07
	<0.001

	
	Ethnicity = Other
	1.26
	0.24
	0.79 to 2.01
	0.341

	Discharged alive
	Group = ACEi
	0.79
	0.17
	0.56 to 1.1
	0.155

	
	Group = ARB
	0.89
	0.17
	0.64 to 1.22
	0.461

	
	Age + 10 years
	0.87
	0.06
	0.77 to 0.99
	0.029

	
	BMI + 5kg/m2
	0.98
	0.04
	0.91 to 1.05
	0.545

	
	Sex = Male
	0.71
	0.15
	0.53 to 0.94
	0.018

	
	Diabetes
	1.06
	0.13
	0.83 to 1.37
	0.627

	
	Smoking
	1.04
	0.16
	0.76 to 1.43
	0.798

	
	Chronic cardiac disease
	0.82
	0.16
	0.59 to 1.13
	0.224

	
	Chronic kidney disease
	1.17
	0.18
	0.82 to 1.68
	0.389

	
	Week of ICU admission + 1 week
	0.97
	0.05
	0.88 to 1.06
	0.459

	
	Region = Africa
	3.54
	0.67
	0.94 to 13.29
	0.061

	
	Region = Asia
	1.58
	0.41
	0.71 to 3.54
	0.265

	
	Region = Australia and New Zealand
	2.56
	0.62
	0.76 to 8.64
	0.13

	
	Region = Latin America and the Caribbean
	2.28
	0.27
	1.35 to 3.85
	0.002

	
	Region = Northern America
	2.05
	0.18
	1.45 to 2.9
	<0.001

	
	Ethnicity = Black
	0.67
	0.20
	0.45 to 0.99
	0.046

	
	Ethnicity = Latin American
	0.71
	0.21
	0.47 to 1.08
	0.11

	
	Ethnicity = South Asian
	0.16
	0.78
	0.03 to 0.74
	0.019

	
	Ethnicity = Other
	0.46
	0.33
	0.24 to 0.89
	0.022


This accounts for competing risks of in-hospital death and hospital discharge up to 90 days from ICU admission. Effect to patient group ACEi/ARB, non-ACEi/ARB assumed fixed over time; random effect per recruiting site. Model results are pooled from 10 rounds of multiple imputation using chained equations MICE. ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CI: confidence intervals, ICU: intensive care unit, HR: hazard ratio, SE: standard error


Table S6. Propensity score adjusted estimated for the hazards of death and discharge among non-ACEi/ARB, ACEi and ARB groups


	Outcome from ICU admission
	Group
	HR
	SE
	95% CI
	p value

	Death
	ACEi
	0.74
	0.14
	(0.57 to 0.97)
	0.027

	
	ARB
	0.73
	0.13
	(0.56 to 0.95)
	0.018

	Discharged alive
	ACEi
	0.87
	0.16
	(0.63 to 1.2)
	0.398

	
	ARB
	0.90
	0.16
	(0.66 to 1.23)
	0.526



Cause-specific Cox proportional hazards model weighted by inverse probabilities 1/propensity score of belonging to the ACEi/ARB group, accounting for competing risks.  Subject probabilities of belonging to the ACEi/ARB group were estimated as a function of age, sex, BMI, diabetes, smoking, chronic cardiac disease, chronic kidney disease and calendar time. Model results were pooled from 10 rounds of multiple imputation using chained equations MICE. ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CI: confidence intervals, ICU: intensive care unit, HR: hazard ratio, SE: standard error
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