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Supplementary Table 1. Comparison of plasma *RAS component levels in COVID-19 patients and healthy controls, by survival, use of ventilation, sex and use of ARBs and ACE inhibitors.
	 
	 
	 
	 
	28-day mortality
	 

	Protein
	COVID-19 (n=46)
	Control (n=50)
	†P
	No (n=38)
	Yes (n=8)
	P

	ACE (U/ml)
	 
	
	0.012
	
	
	0.543

	Median (IQR)
	47.53 (35.70, 54.01)
	35.06 (25.01, 51.13)
	 
	47.53 (36.33, 55.29)
	43.95 (31.65, 53.10)
	 

	Mean (SD)
	49.58 (26.18)
	42.15 (26.51)
	 
	50.93 (28.17)
	43.16 (12.50)
	 

	Range
	(19.50, 196.03)
	(14.08, 164.44)
	 
	(19.50, 196.03)
	(26.97, 60.88)
	 

	ACE2 (ng/ml)
	 
	 
	0.001
	 
	 
	0.339

	Median (IQR)
	1.86 (0.59, 16.68)
	0.51 (0.07, 1.87)
	 
	2.07 (0.59, 22.37)
	1.39 (0.68, 3.45)
	 

	Mean (SD)
	22.53 (50.14)
	10.16 (32.18)
	 
	25.91 (54.34)
	6.47 (13.89)
	 

	Range
	(0.07, 221.72)
	(0.07, 200.63)
	 
	(0.07, 221.72)
	(0.07, 40.62)
	 

	Angiotensin I (pg/ml)
	 
	
	0.959
	
	
	0.828

	Median (IQR)
	40.00 (26.69, 45.81)
	37.39 (24.41, 47.32)
	 
	38.74 (24.53, 47.01)
	41.48 (32.24, 44.71)
	 

	Mean (SD)
	38.42 (14.53)
	38.30 (13.57)
	 
	38.42 (15.55)
	38.44 (8.88)
	 

	Range
	(15.15, 85.49)
	(12.01, 67.41)
	 
	(15.15, 85.49)
	(22.00, 48.69)
	 

	Angiotensin 1-7 (pg/ml)
	 
	 
	<0.001
	 
	 
	0.737

	Median (IQR)
	8.39 (2.29, 28.33)
	0.98 (0.98, 3.64)
	 
	8.39 (2.80, 28.33)
	14.26 (1.63, 33.75)
	 

	Mean (SD)
	17.48 (21.34)
	3.91 (5.74)
	 
	16.16 (19.11)
	23.79 (30.71)
	 

	Range
	(0.98, 90.03)
	(0.98, 29.07)
	 
	(0.98, 83.73)
	(0.98, 90.03)
	 

	Angiotensin II (pg/ml)
	 
	
	0.409
	
	
	0.287

	N
	44
	50
	 
	36
	8
	 

	Median (IQR)
	97.23 (54.05, 153.14)
	103.62 (71.90, 139.05)
	 
	98.95 (65.14, 153.14)
	56.19 (23.16, 131.04)
	 

	Mean (SD)
	175.87 (366.70)
	212.50 (371.47)
	 
	172.07 (370.67)
	192.97 (372.31)
	 

	Range
	(11.37, 2295.50)
	(14.83, 2174.22)
	 
	(11.37, 2295.50)
	(16.53, 1106.44)
	 

	 
	
	
	
	
	
	 

	 
	Invasive mechanical ventilation
	Sex
	 

	Protein
	No (n=30)
	Yes (n=16)
	P
	Male (n=33)
	Female (n=13)
	P

	ACE (U/ml)
	 
	
	0.393
	 
	
	0.227

	Median (IQR)
	46.97 (33.28, 53.27)
	49.00 (40.59, 55.52)
	 
	48.19 (42.25, 54.01)
	41.02 (30.02, 50.86)
	 

	Mean (SD)
	50.28 (31.60)
	48.28 (11.11)
	 
	51.93 (28.63)
	43.62 (18.18)
	 

	Range
	(19.50, 196.03)
	(30.48, 72.28)
	 
	(22.13, 196.03)
	(19.50, 87.84)
	 

	ACE2 (ng/ml)
	 
	 
	0.836
	 
	 
	0.760

	Median (IQR)
	1.90 (0.57, 16.68)
	1.85 (1.10, 13.73)
	 
	1.82 (0.82, 7.68)
	5.08 (0.56, 34.65)
	 

	Mean (SD)
	25.99 (57.57)
	16.03 (32.62)
	 
	15.06 (32.97)
	41.48 (77.36)
	 

	Range
	(0.07, 221.72)
	(0.07, 121.13)
	 
	(0.07, 139.64)
	(0.07, 221.72)
	 

	Angiotensin I (pg/ml)
	 
	
	0.131
	 
	
	0.085

	Median (IQR)
	42.74 (27.05, 48.69)
	37.79 (21.76, 41.48)
	 
	41.84 (32.10, 47.01)
	31.54 (24.53, 40.76)
	 

	Mean (SD)
	40.19 (14.80)
	35.12 (13.85)
	 
	40.81 (15.28)
	32.37 (10.65)
	 

	Range
	(15.15, 85.49)
	(15.51, 70.58)
	 
	(15.15, 85.49)
	(15.51, 49.78)
	 

	Angiotensin 1-7 (pg/ml)
	 
	 
	0.457
	 
	 
	0.027

	Median (IQR)
	7.35 (2.29, 28.33)
	12.23 (3.59, 27.33)
	 
	11.95 (3.34, 31.69)
	3.29 (0.98, 15.82)
	 

	Mean (SD)
	14.32 (15.30)
	23.41 (29.26)
	 
	21.02 (23.45)
	8.50 (10.92)
	 

	Range
	(0.98, 55.55)
	(0.98, 90.03)
	 
	(0.98, 90.03)
	(0.98, 30.24)
	 

	Angiotensin II (pg/ml)
	 
	
	0.379
	 
	
	0.263

	N
	29
	15
	 
	31
	13
	 

	Median (IQR)
	90.61 (52.24, 159.61)
	128.32 (79.02, 150.13)
	 
	95.08 (52.24, 138.47)
	159.61 (55.85, 239.94)
	 

	Mean (SD)
	209.48 (449.30)
	110.87 (49.03)
	 
	124.77 (188.67)
	297.71 (608.29)
	 

	Range
	(11.37, 2295.50)
	(18.27, 165.60)
	 
	(11.37, 1106.44)
	(14.14, 2295.50)
	 





Supplementary Table 1 (continued):  
	 
	ARBs/ACEi
	 
	 
	 

	Protein
	No ARBs/ACEi (n=34)
	ARBs (n=4)
	ACEi (n=8)
	P1
	P2
	P3

	ACE (U/ml)
	 
	
	
	0.254
	0.370
	0.234

	Median (IQR)
	47.53 (36.33, 53.42)
	54.04 (47.44, 56.53)
	37.55 (29.90, 58.13)
	
	
	 

	Mean (SD)
	47.24 (14.28)
	51.98 (6.63)
	58.34 (57.52)
	
	
	 

	Range
	(22.13, 87.84)
	(42.54, 57.31)
	(19.50, 196.03)
	
	
	 

	ACE2 (ng/ml)
	 
	 
	 
	0.295
	0.073
	0.011

	Median (IQR)
	1.86 (0.82, 25.59)
	4.78 (3.49, 63.11)
	0.70 (0.45, 1.65)
	
	
	 

	Mean (SD)
	26.27 (54.57)
	33.30 (58.57)
	1.25 (1.33)
	
	
	 

	Range
	(0.07, 221.72)
	(2.49, 121.13)
	(0.27, 4.17)
	 
	 
	 

	Angiotensin I (pg/ml)
	 
	
	
	0.154
	0.269
	0.089

	Median (IQR)
	38.74 (31.08, 45.05)
	20.96 (19.03, 35.57)
	44.29 (34.27, 50.37)
	
	
	 

	Mean (SD)
	38.83 (14.70)
	27.30 (15.08)
	42.27 (12.33)
	
	
	 

	Range
	(15.15, 85.49)
	(17.49, 49.78)
	(22.00, 58.28)
	
	
	 

	Angiotensin 1-7 (pg/ml)
	 
	 
	 
	0.403
	0.488
	0.931

	Median (IQR)
	13.88 (3.27, 29.66)
	5.48 (2.13, 13.24)
	5.95 (0.98, 23.24)
	
	
	 

	Mean (SD)
	18.30 (19.91)
	7.68 (7.91)
	18.91 (31.18)
	
	
	 

	Range
	(0.98, 83.73)
	(0.98, 18.80)
	(0.98, 90.03)
	 
	 
	 

	Angiotensin II (pg/ml)
	 
	
	
	0.221
	0.011
	0.257

	N
	33
	4
	7
	
	
	 

	Median (IQR)
	128.32 (65.94, 160.69)
	87.05 (52.67, 99.47)
	52.24 (16.53, 96.31)
	
	
	 

	Mean (SD)
	214.27 (417.35)
	76.07 (34.72)
	51.86 (37.55)
	
	
	 

	Range
	(11.37, 2295.50)
	(26.32, 103.86)
	(14.14, 101.40)
	 
	 
	 



	 
	ACEi^
	 

	Protein
	No ACEi (n=38)
	ACEi (n=8)
	P

	ACE (U/ml)
	 
	
	0.310

	Median (IQR)
	47.97 (38.93, 54.01)
	37.55 (29.90, 58.13)
	 

	Mean (SD)
	47.74 (13.70)
	58.34 (57.52)
	 

	Range
	(22.13, 87.84)
	(19.50, 196.03)
	 

	ACE2 (ng/ml)
	 
	 
	0.040

	Median (IQR)
	2.23 (1.08, 25.59)
	0.70 (0.45, 1.65)
	 

	Mean (SD)
	27.01 (54.21)
	1.25 (1.33)
	 

	Range
	(0.07, 221.72)
	(0.27, 4.17)
	 

	Angiotensin I (pg/ml)
	 
	
	0.197

	Median (IQR)
	38.20 (24.53, 45.05)
	44.29 (34.27, 50.37)
	 

	Mean (SD)
	37.62 (14.97)
	42.27 (12.33)
	 

	Range
	(15.15, 85.49)
	(22.00, 58.28)
	 

	Angiotensin 1-7 (pg/ml)
	 
	 
	0.540

	Median (IQR)
	9.81 (3.27, 28.33)
	5.95 (0.98, 23.24)
	 

	Mean (SD)
	17.18 (19.22)
	18.91 (31.18)
	 

	Range
	(0.98, 83.73)
	(0.98, 90.03)
	 

	Angiotensin II (pg/ml)
	 
	
	0.013

	N
	37
	7
	 

	Median (IQR)
	103.86 (65.94, 159.61)
	52.24 (16.53, 96.31)
	 

	Mean (SD)
	199.33 (396.01)
	51.86 (37.55)
	 

	Range
	(11.37, 2295.50)
	(14.14, 101.40)
	 



*Abbreviations: RAS, renin-angiotensin system; ARB, angiotensin receptor blocker, ACE, angiotensin-converting enzyme; ACE2 angiotensin-converting enzyme 2; †P value was based on Wilcoxon rank sum test; 
Supplementary Table 2. Spearman rank correlations of RAS components in COVID-19 patients and healthy controls.
	COVID-19
	
	
	
	
	
	
	
	

	 
	ACE2
	Angiotensin I
	Angiotensin 1-7
	Angiotensin II

	 
	Rho
	P
	Rho
	P
	Rho
	P
	Rho
	P

	ACE
	0.03
	0.84
	0.12
	0.43
	0.16
	0.30
	0.16
	0.30

	ACE2
	-
	-
	-0.09
	0.56
	0.27
	0.07
	0.36
	0.02

	Angiotensin I
	-
	-
	-
	-
	0.05
	0.75
	0.01
	0.94

	Angiotensin 1-7
	-
	-
	-
	-
	-
	-
	0.15
	0.32

	
	
	
	
	
	
	
	
	

	Control
	
	
	
	
	
	
	
	

	 
	ACE2
	Angiotensin I
	Angiotensin 1-7
	Angiotensin II

	 
	Rho
	P
	Rho
	P
	Rho
	P
	Rho
	P

	ACE
	0.05
	0.75
	0.01
	0.94
	-0.10
	0.50
	0.02
	0.88

	ACE2
	-
	-
	0.00
	0.98
	-0.16
	0.28
	0.26
	0.07

	Angiotensin I
	-
	-
	-
	-
	0.20
	0.17
	0.27
	0.06

	Angiotensin 1-7
	-
	-
	-
	-
	-
	-
	0.06
	0.65








2

Supplementary Table 3. Change in *RAS Component Levels over Time in COVID-19 

	 
	Change from baseline

	Protein
	Day 2 (n=18)
	Day 4 (n=14)
	Day 7 (n=14)
	Day 14 (n=6)

	ACE (U/ml)
	 
	 
	 
	 

	Median (IQR)
	1.38 (-6.51, 7.42)
	-5.48 (-11.33, 3.06)
	-5.60 (-10.39, 2.28)
	-8.48 (-17.00, 4.68)

	Mean (SD)
	0.45 (12.62)
	-3.32 (16.50)
	-3.98 (10.01)
	-9.19 (17.95)

	Range
	(-26.91, 24.38)
	(-27.90, 33.90)
	(-18.24, 15.12)
	(-37.97, 12.12)

	ACE2 (ng/ml)
	 
	
	
	 

	Median (IQR)
	-0.06 (-0.56, 1.15)
	0.69 (-7.81, 1.65)
	-0.43 (-7.35, 1.16)
	-7.41 (-25.44, 3.22)

	Mean (SD)
	2.62 (14.45)
	3.56 (27.09)
	0.60 (26.32)
	-0.24 (44.02)

	Range
	(-19.40, 50.60)
	(-25.83, 89.93)
	(-32.04, 84.10)
	(-45.78, 81.36)

	Angiotensin I (pg/ml)
	 
	 
	 
	 

	Median (IQR)
	-2.76 (-10.14, 9.71)
	-6.41 (-12.01, 19.02)
	-0.81 (-12.04, 4.83)
	0.78 (-10.14, 1.99)

	Mean (SD)
	-3.72 (17.29)
	-3.04 (21.58)
	3.91 (34.72)
	-3.40 (13.52)

	Range
	(-35.74, 22.15)
	(-38.12, 25.05)
	(-33.23, 112.62)
	(-26.66, 12.82)

	Angiotensin 1-7 (pg/ml)
	 
	
	
	 

	Median (IQR)
	-2.06 (-5.60, 0.00)
	-3.46 (-16.55, 5.66)
	-1.19 (-16.55, 1.40)
	-11.26 (-16.55, 0.00)

	Mean (SD)
	-1.10 (21.14)
	-7.27 (21.26)
	-8.73 (15.86)
	-16.91 (25.03)

	Range
	(-44.31, 47.02)
	(-48.47, 31.28)
	(-47.19, 9.66)
	(-65.35, 2.97)

	Angiotensin II (pg/ml)
	 
	 
	 
	 

	N
	18
	13
	14
	6

	Median (IQR)
	-3.55 (-89.77, 4.43)
	-11.75 (-28.46, 85.84)
	-3.31 (-26.31, 25.37)
	6.86 (-27.47, 31.09)

	Mean (SD)
	-104.87 (308.99)
	226.46 (734.31)
	305.49 (1182.27)
	-13.85 (64.59)

	Range
	(-1214.27, 138.74)
	(-92.07, 2635.29)
	(-97.86, 4409.32)
	(-137.06, 36.60)



*Abbreviations: RAS, renin-angiotensin system; ARB, angiotensin receptor blocker, ACE, angiotensin-converting enzyme; ACE2 angiotensin-converting enzyme 2. 

