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Table 1. Baseline Characteristics of Patients With COVID-19 by Use
and Nonuse of ACEI/ARBs

ACEI/ARB, No. (%)

Users Nonusers

Characteristic (n=895[20.0%]) (n=3585[80.0%])

Sex
Male 493 (55.1) 1651 (46.1)
Female 402 (44.9) 1934 (53.9)
Age, median (IQR), y 72.8 (61.0-81.0) 50.1(37.2-64.5)
Married 537 (60.0) 2139 (59.7)
Living alone 355(39.7) 1284 (35.8)
Ethnic group
Native Danish 781 (87.3) 2927 (81.7)
Immigrant 112 (12.5) 546 (15.2)
Descendant from immigrant <3 112 (3.1)
Medical history
Hypertension 634 (70.8) 209 (5.8)
Diabetes 217 (24.2) 194 (5.4)
Myocardial infarction 193 (21.6) 186 (5.2)
Cancer 188 (21.0) 367 (10.2)
Cerebrovascular disease 174 (19.4) 228(6.4)
COPD 171(19.1) 463 (12.9)
Heart failure 131(14.6) 112 (3.1)
Atrial fibrillation 128 (14.3) 189 (5.3)
Peripheral artery disease 107 (12.0) 124 (3.5)
Chronic kidney disease 67 (7.5) 105 (2.9)
Concomitant pharmacotherapy
Lipid-lowering drug 415 (46.4) 382(10.7)
Calcium channel blocker 291 (32.5) 196 (5.5)
B-Blocker 284 (31.7) 241 (6.7)
Aspirin 192 (21.5) 151 (4.2)
Loop diuretic 187 (20.9) 181 (5.0)
Anticoagulation 146 (16.3) 202 (5.6)
Socioeconomics, income quartile
Lowest 251(28.0) 869 (24.2)
Highest 132(14.7) 988 (27.6)
Highest obtained educational
level
Basic school 313 (35.0) 845 (23.6)
High school/vocational 369 (41.2) 1300 (36.3)
education
Short/medium length higher 150 (16.8) 967 (27.0)
education
Long higher education 63 (7.0) 473 (13.2)

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker; COPD, chronic obstructive pulmonary disease;
COVID-19, coronavirus disease 2019; IQR, interquartile range.

2 The exact number of patients is withheld to maintain confidentiality.
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Table 2. Hazard Ratios for ACEI/ARB Use vs No Use and Death, Composite of Death or Severe COVID-19, and Severe COVID-19

No. (%) Unadjusted model Age- and sex-adjusted model Fully adjusted model®
ACEI/ARB
users Hazard ratio Hazard ratio Hazard ratio
(n = 895) P value (95% ClI) P value (95% ClI) Pvalue
Primary outcome
I Mortality 181 (20.2) 2.65(2.18-3.23) <.001 0.97 (0.79-1.18) .82 0.83(0.67-1.03) .09
Secondary outcomes
I Mortality or severe 292 (32.6) 2.49(2.15-2.88) <.001 1.17 (1.00-1.36) .04 1.04(0.89-1.23) .61
Severe COVID-19 203 (22.6) 2.34(1.97-2.77) <.001 1.32(1.10-1.58) .003 1.15(0.95-1.41) .15

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker; COVID-19, coronavirus disease 2019.

2 Fully adjusted model includes the following covariates: age; sex; highest
obtained educational level; medical history of myocardial infarction, heart

failure, kidney disease, stroke, peripheral artery disease, atrial fibrillation,
diabetes, chronic obstructive pulmonary disease, or malignancy; and use of
the following concomitant medications: other antihypertensive drugs,
lipid-lowering drugs, and anticoagulation.
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Table 3. Standardized 30-Day Absolute Risks for Death, Composite of Death or Severe COVID-19,
and Severe COVID-19

Risk, % (95% C1)*

ACEI/ARB users

ACEI/ARB nonusers

30-d Risk difference,

% (95% Cl)

P value

Primary outcome
Standardized 30-d mortality

Unadjusted

Age- and sex-adjusted

18.2(15.7 t0 20.7)
9.4 (8.2t010.7)

7.3(6.4t08.2)
9.7 (8.6t010.7)

10.9 (8.3 t0 13.6)
-0.2 (-1.7t0 1.2)

<.001
.75

Fully adjusted

8.8(7.6t010.1)

10.2(9.1to0 11.3)

-1.3(-2.9t00.2)

.09

Secondary outcomes
Death or severe COVID-19

Unadjusted

Age- and sex-adjusted

31.7 (28.8t0 34.6)
19.0(17.1t020.8)

14.2 (13.0t0 15.4)
16.7 (15.5 to 18.0)

17.5 (14.3 10 20.8)
2.2 (0to 4.5)

<.001
.05

(|
-

Fully adjusted

17.8(15.0t010.7)

17.2 (15.0t018.5)

0.6 (-1.71t02.9)

.62

Severe COVID-19

Unadjusted
Age and sex-adjusted

Fully adjusted

23.8(20.9t0 26.8)
16.0(13.9t0 18.2)
14.8(12.7 t0 16.9)

10.7 (9.6 t0 11.7)
12.4(11.2t0 13.6)
12.9(11.7t0 14.2)

13.2 (10.0 to 16.3)
3.6(1.0t06.2)
1.9 (-0.8 t0 4.5)

<.001
.006
17
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Table 4. Baseline Characteristics of All Danish Persons With Hypertension (and No Heart Failure or Kidney Disease) on February 1,2020°

Characteristic

No. (%)

All persons with hypertension
(N =494170)

ACEI/ARB use and no CCB use
(n=199510)

CCB use and no ACEI/ARB use
(n = 45758)

Sex
Men 242755 (49.1) 90223 (45.2) 18957 (41.4)
251415 (509) 1OQ7R7(%R\ 26201 (58 )
I Age, median (IQR), y 71(62-78) 71(62-78) 73 (65-80) I
Marred 312028 (63.1) 127100 (36.2) 27047 (50.1)
Living alone 181920 (36.8) 72218 (36.2) 18682 (40.8)

Ethnic group

Native Danish

463856 (93.9)

186 897 (93.7)

42982 (93.9)

Immigrant 29405 (5.9) 12248 (6.1) 2693 (5.9)
Descendant from immigrant 909 (0.2) 365(0.2) 83(0.2)
Medical history
Myocardial infarction 59732(12.1) 24849 (12.5) 7753 (16.9) I
eart raiure 0 0 0
Hypertension 494170 (100) 199510 (100) 45758 (100)
Atrial fibrillation 46182 (9.3) 20080 (10.1) 5871(12.8)
Cerebrovascular disease 64461 (13.0) 23090 (11.6) 6688 (14.6)
35573 (7‘) wm iﬁﬁﬁ‘ﬁﬂ :
Diabetes 66536 (13.5) 25263 (12.7) 3680 (8.0)
48327(9.8) 19052 @.5) 5224(11.4)
Cancer 79647 (16.1) 31625 (15.9) 8452 (18.5)
Chronic kidney disease 0 0 0

Concomitant pharmacotherapy
B-Blocker
CccB
ACEI/ARB
Antiadrenergic drug
Thiazides
Spironolactone
Loop diuretic
Lipid-lowering drug
Aspirin

Anticoagulation

Socioeconomics, income quartile

Lowest
Highest

184274 (37.3)
268077 (54.2)
424019 (85.8)
10578 (2.1)
151951 (30.8)
25219 (5.1)
37068 (7.5)
242014 (49.0)
96 100 (19.4)
58760 (11.9)

123542 (25.0)
123542 (25.0)

Highest obtained educational level

RES S - BHER
TREL /D

172 608 (34.9)
213704 (43.2)
84378 (17.1)
23480 (4.8)

Basic school
High school/vocational education
Short/medium length higher education

Long higher education

77 856 (39.0)
0

199510 (100)
2886 (1.4)
69846 (35.0)
9044 (4.5)
14.144 (7.1)
95518 (47.9)
37151 (18.6)
25298 (12.7)

48383 (24.3)
50628 (25.4)

68684 (34.4)
86333 (43.3)
35009 (17.5)
9484 (4.8)

27148 (59.3)
45758 (100)
0

1092 (2.4)
20834 (45.5)
2717 (5.9)
4071 (8.9)
21485 (47.0)
10546 (23.0)
7243 (15.8)

13737 (30.0)
8991 (19.6)

18045 (39.4)
18694 (40.9)
7232 (15.8)
1787 (3.9)

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin 2 Users of both ACEI/ARBs and CCBs are not shown in the table (n = 232 807).

receptor blocker; CCB, calcium channel blocker; COPD; chronic obstructive
pulmonary disease; IQR, interquartile range.
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Table 5. Susceptibility Analysis Using Nested Case-Control Design
for ACEI/ARB Use and Adjusted Associated Incidence Rate of COVID-19
Among Patients With Hypertension®

Hazard ratio

(95% CI) P value
Associated incidence rate
of COVID-19
ACEI/ARB use vs use of other 1.05 (0.80-1.36) .67
antihypertensives
ACEI use vs use of other 0.85(0.70-1.01) .08
antihypertensives
ARB use vs use of other 1.15(0.96-1.37) 11
antihypertensives
ACEI/ARB use vs use of CCB 1.23(0.89-1.70) 21

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker; CCB, calcium channel blocker; COVID-19, coronavirus
disease 2019.

2 For the nested analysis of COVID-19 cases, 571 patients with hypertension
and COVID-19 were compared with 5710 age- and sex-matched controls.
Among cases, 245 (42.9%) and 48 (8.4%) used ACEI/ARBs and no CCBs and
CCBs and no ACEI/ARBs, respectively, and this was 2218 (38.8%) and 545
(9.5%) among controls.
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Table 6. Hazard Ratios for Death, Composite of Death or Severe COVID-19, and Severe COVID-19*

No. (%) Unadjusted model Age- and sex-adjusted model Fully adjusted model®
ACEI/ARB ACEI/ARB
users nonusers Hazard ratio Hazard ratio Hazard ratio
(n = 895) (n = 3585) (95% CI) Pvalue (95% Cl) Pvalue (95% C1) Pvalue®
Primary outcome
Mortality
ACEI/ARB nonusers
(reference)
ACEl use (n = 377) 76 (20.2) 256 (7.1) 2.79 <.001 1.08 .64 0.98(0.71-1.35) .97
(2.12-3.67) (0.79-1.46)
ARB use (n = 630) 84 (15.8) 256(7.1) 2.05 <.001 0.90 .49 0.80 (0.60-1.09) .24
(1.58-2.65) (0.68-1.20)
CCBuse (n = 196) vs 161(18.0)  36(18.4) 1.01 .99 0.94 .81 0.94 (0.65-1.37) .83
ACEI/ARB use (n = 895) (0.69-1.46) (0.64-1.38)
Secondary outcomes
Death or severe COVID-19
ACEI/ARB nonusers
(reference)
ACEl use 130(34.5)  500(13.9) 2.80 <.001 1.29 .047 1.15(0.89-1.49) .29
(2.23-3.51) (1.00-1.65)
ARB use 151(28.5) 500 (13.9) 2.10 <.001 1.01 91 0.90(0.71-1.14) .42
(1.71-2.58) (0.81-1.27)
CCBuse (n = 196) vs 282(31.5) 59(30.1) 0.97 .94 0.93 .62 0.94 (0.70-1.25) .74
ACEI/ARB use (n = 895) (0.73-1.31) (0.69-1.25)
Severe COVID-19
ACEI/ARB nonusers
(reference)
ACEl use 90 (23.9) 370(10.3) 2.37 <.001 1.34 .03 1.21(0.91-1.60) .22
(1.84-3.06) (1.03-1.75)
ARB use 110(20.8)  370(10.3) 1.99 <.001 1.18 .19 1.01(0.78-1.31) .97
(1.58-2.50) (0.93-1.50)
CCBuse (n = 196) vs 201(22.5) 37(18.9) 0.90 61 0.86 37 0.88(0.61-1.27) .53
ACEI/ARB use (n = 895) (0.62-1.29) (0.59-1.25)

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker; CCB, calcium channel blocker; COVID-19, coronavirus
disease 2019.

2 Subgroups of ACEI and ARB users separately and analysis using active control
of CCB users.

b Fully adjusted model includes the following covariates: age; sex; highest
obtained educational level; medical history of myocardial infarction, heart

failure, kidney disease, stroke, peripheral artery disease, atrial fibrillation,
diabetes, chronic obstructive pulmonary disease, and malignancy; and use of
the following concomitant medications: other antihypertensive drugs,
lipid-lowering drugs, and anticoagulation.

¢ Fully adjusted P value for difference between ACEI and ARB estimate for
mortality was .67, .29 for the composite outcome of death or severe COVID-19,
and .37 for severe COVID-19.
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Mortality
No. of Hazard ratio
patients  (95% Cl)
Sex
Women 2336 0.81 (0.58-1.15)
Men 2144 0.81 (0.62-1.08)
Hypertension
Yes 843 0.79 (0.58-1.09)
No 3637 0.74 (0.50-1.09)
Hospitalized
Yes 2222 0.81 (0.65-1.01)
No 2258 1.37 (0.50-3.74)
Age group, y
<50 1859 NA?
50-75 1698 0.78 (0.52-1.18)
>75 923 0.80(0.62-1.02)
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