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ABSTRACT: After initially hypothesizing a positive relationship between use of renin-angiotensin-aldosterone system inhibitors and
risk of coronavirus disease 2019 (COVID-19), more recent evidence suggests negative associations. We examined whether
COVID-19 risk differs according to antihypertensive drug class in patients treated by ACE (angiotensin-converting enzyme)
inhibitors and angiotensin receptor blockers (ARBs) compared with calcium channel blockers (CCBs). Three exclusive cohorts
of prevalent ACE inhibitors, ARB and CCB users, aged 18 to 80 years, from the French National Health Insurance databases
were followed from February 15,2020 to June 7, 2020. We excluded patients with a history of diabetes, known cardiovascular
disease, chronic renal failure, or chronic respiratory disease during the previous b years, to only consider patients treated for
uncomplicated hypertension and to limit indication bias. The primary end point was time to hospitalization for COVID-19. The
secondary end point was time to intubation/death during a hospital stay for COVID-19. In a population of almost 2 million
hypertensive patients (ACE inhibitors: 566 023; ARB: 958 227; CCB: 3568 306) followed for 16 weeks, 2338 were hospitalized
and 526 died or were intubated for COVID-19. ACE inhibitors and ARBs were associated with a lower risk of COVID-19
hospitalization compared with CCBs (hazard ratio, 0.74 [95% Cl, 0.65-0.83] and 0.84 [0.76—0.93], respectively) and a lower
risk of intubation/death. Risks were slightly lower for ACE inhibitor users than for ARB users. This large observational study
may suggest a lower COVID-19 risk in hypertensive patients treated over a long period with ACE inhibitors or ARBs compared
with CCBs. These results, if confirmed, tend to contradict previous hypotheses and raise new hypotheses. (Hypertension.
2021;77:833-842. DOI: 10.1161/HYPERTENSIONAHA.120.16314.) ® Data Supplement

Key Words: angiotensin-converting enzyme inhibitors ® angiotensin receptor blockers ® calcium channel blockers m COVID-19 ® hospitalization
B mortality ® pharmacoepidemiology

hospitalized or dying from coronavirus disease 2019
(COVID-19),"® including hypertensive patients. Fur-
thermore, as the mechanism of severe acute respiratory

has become a worldwide pandemic. The virus has

Severe acute respiratory coronavirus 2 infection
spread rapidly with >17 million people infected

(and 680000 deaths) as of July 30, 2020 worldwide,
185000 positive patients, and 30000 deaths in France
(19500 in-hospital deaths and 10500 in retirement
homes and long-term care facilities).

See Editorial, pp 843-845

Rapidly during the pandemic, it was noted that
patients with comorbidities were at higher risk of being

coronavirus 2 infection was shown to involve the ACE2
(angiotensin-converting enzyme 2) the expression of
which was thought to be increased by renin-angioten-
sin-aldosterone system inhibitors, that is, ACE inhibitors
and angiotensin receptor blockers (ARBs) drugs, it was
hypothesized that these drugs could increase the risk of
infection.

Some authors suggested switching from ACE inhibi-
tors or ARBs with calcium channel blockers (CCBs),*
although at the present time, the scientific commu-
nity and French authorities recommend that patients

Correspondence to: Jérémie Botton, Epi-Phare, 143/147 Bd Anatole France F-93285, Saint-Denis Cedex, France. Email jeremie.botton@ansm.sante.fr

*These authors contributed equally to this work.

The Data Supplement is available with this article at https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.120.16314.

For Sources of Funding and Disclosures, see page 841.

© 2021 The Authors. Hypertension is published on behalf of the American Heart Association, Inc.,, by Wolters Kluwer Health, Inc. This is an open access article under
the terms of the Creative Commons Attribution Non-Commercial-NoDerivs License, which permits use, distribution, and reproduction in any medium, provided that the
original work is properly cited, the use is noncommercial, and no modifications or adaptations are made.

Hypertension is available at www.ahajournals.org/journal/hyp

Hypertension. 2021;77:833-842. DOI: 10.1161/HYPERTENSIONAHA.120.16314

March 2021 833


mailto:jeremie.botton@ansm.sante.fr

Semenzato et al

Antihypertensive Drugs and COVID-19 Risk

Novelty and Significance

What Is New?

* Our study included almost 2 million hypertensive
patients.

* We selected prevalent long-term users of antihyper-
tensive drugs with no known cardiometabolic or respi-
ratory comorbidities.

* We paid particular attention to the risk of bias.

What is Relevant?

» Three major classes of antihypertensive drugs were
compared.

* Our study included patients with uncomplicated
hypertension.

Summary

Although the observational design prevents us from
drawing any conclusions about the nature of this
association, this study provides additional evidence in
favor of a potentially lower coronavirus disease 2019
(COVID-19) risk in renin-angiotensin-aldosterone
system inhibitor users compared with calcium channel
blocker users.

Nonstandard Abbreviation and Acronyms

ACE angiotensin-converting enzyme
ARB angiotensin receptor blocker
ccB calcium channel blocker

COVID-19 coronavirus disease 2019
HR hazard ratio

continue their antihypertensive drug treatment unless
they received contrary medical advice.®

Indeed, most studies have concluded on the absence
of association or a small negative trend between ACE
inhibitors or ARB drugs and the risk of COVID-19 hos-
pitalization, severity, or mortality.®'® The most recent
meta-analysis showed that ACE inhibitors use may not
increase the susceptibility to severe acute respiratory
coronavirus 2 infection, disease severity, and mortality."
Most studies were carried on patients who were hospital-
ized, and not on the overall hypertensive population, with
a risk of collider bias.®

We used the SNDS (Systéme National des Don-
nées de Santé) database to study a large population of
patients treated for hypertension. While ensuring a suffi-
cient number of events to provide good statistical power,
we wanted to consider patients treated for hypertension
only, with no known severe cardiometabolic diseases, to
limit indication bias.

We examined whether the COVID-19 risk differs
according to the pharmacological class of antihyperten-
sive drugs in patients treated by ACE inhibitors or ARBs
compared with CCBs.

METHODS

According to data protection and the French regulation, the
authors cannot publicly release the data from the French
national health data system (SNDS). However, any person

834  March 2021

or structure, public or private, for-profit or nonprofit, is able to
access SNDS data upon authorization from the French Data
Protection Office (CNIL Commission Nationale de I'lnformatique
et des Libertés) to carry out a study, a research, or an evaluation
of public interest (https://www.snds.gouv.fr/SNDS/Processus-
d-acces-aux-donnees and https://www.indsante.fr/).

Setting and Data Sources

We conducted a retrospective cohort study comparing 3 classes
of antihypertensive drugs using data from the SNDS, which
covers the entire French population, that is, 67 million inhab-
itants. Since 2006, an anonymous unique individual identifier
links information from two main data sources: DCIR (Données
de Consommation Inter-Régimes, national health insurance
claims database) and PMSI (Programme de Médicalisation
des Systémes d’Information, national hospital and discharge
database).

The DCIR includes individual information on outpatient
medical care, laboratory tests, and reimbursed drugs coded
according to the Anatomic Therapeutic Chemical classifi-
cation. The health expenditure of patients with serious and
costly long-term diseases, such as cancer, or diabetes, is fully
reimbursed, and their diagnosis is recorded according to the
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision. The DCIR also collects a
few patient data.'®'6

The PMSI includes dates of admission and discharge to
all public and private hospitals in France, discharge diagno-
ses coded according to International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision and type
of medical or surgical procedures coded according to the French
common classification of medical procedures (Classification
Commune des Actes Médicaux). Disease and expenditure map-
ping is a tool developed from the DCIR and PMSI databases by
using 58 medical algorithms identifying diseases.”

The SNDS has been extensively used in France to conduct
real-life studies and pharmaco-epidemiological studies.’®'6:18-20

Three Cohorts of Antihypertensive Drugs

We defined 3 mutually exclusive cohorts of prevalent ACE
inhibitors, ARB, and CCB users (Table S1 in the Data
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Supplement). Patients who concomitantly received another
class of antihypertensive drug (eg, diuretics, beta-blockers)
were considered to receive a combination therapy for hyper-
tension (ie, antihypertensive polymedication) but were not
excluded. We included adults aged from 18 to 80 years, who
received their last drug reimbursement between November
15,2019, and February 15,2020, and to whom antihyperten-
sive drugs had been dispensed at least 3x during the previ-
ous 12 months with no dispensing of either of the other 2
drug classes. We excluded individuals who were identified, in
the 5 years before study entry, with diabetes, cardiovascular
disease (myocardial infarction, stroke, heart failure or severe
arrhythmia), chronic renal failure, chronic respiratory diseases
to only consider patients known to be currently treated for
uncomplicated hypertension, to limit indication bias (eg, ACE
inhibitors are more likely to be used in patients with heart
failure and CCBs are more likely to be used for coronary heart
disease), and to exclude already described risk factors for
COVID-19,2" which could be the cause of or share a common
cause with hypertension (Table S2), and therefore constitute
potential confounding factors.

We considered age, sex, and region of residence as demo-
graphic variables. Age was used as a categorical variable in
10-year age-groups except for the first category due to the
small number of cases: 18 to 50, 51 to 60, 61 to 70, and 71
to 80 years. Quintiles of the social deprivation index were used
as a measure of socioeconomic status based on the area’s
median household income, percentage of high school gradu-
ates in the population aged 15 years and older, percentage of
manual workers in the active population, and unemployment in
individual's city of residence.

Antihypertensive Drugs and COVID-19 Risk

Smoking was defined by the presence of specific hospi-
talization diagnoses, nicotine replacement therapy, or annual
lump sum payment for smoking cessation. Patients who did
not take another class of antihypertensive drug (eg, beta-
blockers, diuretics) were classified as patients on monother-
apy. History of known comorbidities was assessed using both
the disease and expenditure mapping medical algorithms
and additional data from the DCIR and PMSI databases.
Hospitalization for comorbidities was identified in the 5 years
before the last antihypertensive drug dispensing; drugs other
than the 3 classes of antihypertensive drugs considered were
identified in the 12 months before the last antihypertensive
drug dispensing. Use of NSAID, statins, aspirin, anticoagu-
lants, antiplatelet drugs, heparin, anxiolytics, antidepressants,
and antipsychotics was each defined by at least two reim-
bursements during the 1-year period. For further details about
variable definitions, see Table S3.

Hospitalization With COVID-19

Information on all hospital stays is integrated into the SNDS
(usually in July of the following year). In April 2020, the
French government encouraged hospitals to report COVID
hospital stays according to an exceptional, fast-track modal-
ity (once a week or once a fortnight; called fast-track PMSI).
Our study was based on hospital discharge data available on
June 7, 2020. At this date, 86 623 patients hospitalized with
COVID-19 were reported and identified, including 83445
(96%) for whom hospital discharge data could be linked to
reimbursement data (ie, with no error concerning the anony-
mous identifier). Of these 83445 patients, 14566 died in

Prevalent users aged 18-80 years, in France
metropolitan, without any reimbursement of the
two other AHDs in the previous 12 months
Total: 3,617,556
ACEIl : 1,326,476 individuals
ARB : 1,661,197 individuals
CCB: 629,883 individuals

Individuals excluded :

Total ACEI ARB CCB
Diabetes 800,466 338,395 363,039 99,032
Cardiovascular diseases 985,671 497,108 330,744 157,819
Chronic respiratory diseases 373,351 126,256 167,403 79,692
Chronic renal failure 87,695 30,768 33,531 23,396
Total 1,735,000 760,453 702,970 271,577

Individuals eligible in each cohort :
Total: 1,882,556

/

. ;6.6'023 ) 958,227 individuals ) 3.15.8’306.
individualsin in ARB cohort individualsin
ACEI cohort CCB cohort

Figure 1. Flowchart.
ACE indicates angiotensin-converting enzyme and ACEI, ACE inhibitors; ARB, angiotensin receptor blockers; and CCB, calcium channel
blockers.

Hypertension. 2021;77:833-842. DOI: 10.1161/HYPERTENSIONAHA.120.16314 March 2021 835



Semenzato et al Antihypertensive Drugs and COVID-19 Risk

Table 1. Baseline Characteristics of the 3 Cohorts of Antihypertensive Drug Prevalent Users (CCB, ACE Inhibitors, ARB)

CCB prevalent users ACE inhibitor prevalent users ARB prevalent users
Baseline characteristics 358306 566023 958227
Sociodemographic characteristics
Age, y, mean (SD) 63 (11) 63 (11) 64 (10)
Age, y, n (%)
18-50 48739 (13.6) 73811 (13) 90011 (9.4)
51-60 79193 (22.1) 142254 (25.1) 215638 (22.5)
61-70 118014 (32.9) 192158 (33.9) 346105 (36.1)
71-80 112360 (31.4) 157800 (27.9) 306473 (32.0)
Female sex, n (%) 215155 (60.0) 305701 (53.8) 562225 (58.7)
Social deprivation index (quintiles), n (%)
1 (least deprived) 68815 (19.2) 93538 (16.5) 191280 (20.0)
2 69816 (19.5) 110230 (19.5) 187901 (19.6)
3 71236 (19.9) 113491 (20.1) 187373 (19.6)
4 71802 (20.0) 123867 (21.9) 193069 (20.1)
5 (most deprived) 72617 (20.3) 120543 (21.3) 187470 (19.6)
Unknown 4020 (1.1) 4354 (0.8) 11134 (1.2)
Regions, n (%)
Grand-Est 29518 (8.2) 55618 (9.8) 93140 (9.7)
Nouvelle Aquitaine 32825 (9.2) 54833 (9.7) 94413 (9.9)
Auvergne-Rhéne-Alpes 40381 (11.3) 73016 (12.9) 108709 (11.3)
Bourgogne-Franche-Comté 15433 (4.3) 30682 (5.4) 45069 (4.7)
Bretagne 17154 (4.8) 31062 (5.5) 49554 (5.2)
Centre-Val de Loire 15664 (4.4) 23387 (4.1) 45401 (4.7)
lle-de-France 73465 (20.5) 68587 (12.1) 166829 (17.4)
Occitanie 31643 (8.8) 48434 (8.6) 73681 (7.7)
Hauts-de-France 32867 (9.2) 64666 (11.4) 100881 (10.5)
Normandie 20866 (5.8) 38492 (6.8) 51259 (5.3)
Pays de la Loire 22210 (6.2) 42686 (7.5) 57240 (6.0)
Provence-Alpes-Cote d'Azur 24953 (7.0) 33242 (5.9) 68121 (7.1)
Corse 1327 (0.4) 1318 (0.2) 3930 (0.4)
Smoking, n (%) 20019 (5.6) 29872 (5.3) 39340 (4.1)
Antihypertensive monotherapy 251720 (70.3) 338396 (59.8) 582031 (60.7)
Comorbidities, n (%)*
NSAID 71954 (20.1) 109517 (19.3) 197060 (20.6)
Statins 70927 (19.8) 123152 (21.8) 209364 (21.8)
Aspirin
Low dose 30734 (8.6) 48258 (8.5) 74268 (7.8)
High dose 1400 (0.4) 2247 (0.4) 4066 (0.4)
Anticoagulants 5841 (1.6) 9542 (1.7) 14996 (1.6)
Antiplatelet drugs 2135 (0.6) 3740 (0.7) 4668 (0.5)
Heparin 3202 (0.9) 4401 (0.8) 7344 (0.8)
Anxiolytics 56188 (15.7) 75957 (13.4) 127665 (13.3)
Antidepressants 46148 (12.9) 62843 (11.1) 104758 (10.9)
Antipsychotics 10068 (2.8) 11328 (2) 13789 (1.4)
Medical history
Obesity 3081 (0.9) 4709 (0.8) 8912 (0.9)
Cancer 43869 (12.2) 60564 (10.7) 108010 (11.3)
Neurological/degenerative diseases 11760 (3.3) 15904 (2.8) 22601 (2.4)
Hepatic failure 3683 (1.0) 3745 (0.7) 5833 (0.6)

All comparisons were highly statistically significant due to the large sample size, N=1882556 patients. ACE indicates angiotensin-converting enzyme; ARB, angio-
tensin receptor blockers; and CCB, calcium channel blockers.
“Drug reimbursement during the 12 mo before the last antihypertensive drug dispensing.
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hospital. At this date, the number of new cases of COVID-19
had decreased and lockdown in France had been partly with-
drawn for about one month.

End Points

The primary end point was time from February 15, 2020, the
end of the inclusion period, to hospitalization for COVID-19. The
secondary end point was time from February 15, 2020, to intu-
bation or death during a hospital stay for COVID-19. Note that
all patients who were intubated or who died constituted a subset
of all hospitalized patients. During the hospital stay, the date of
intubation was not available, and we used the date of hospital-
ization for intubated patients. For patients who died after intuba-
tion, the secondary end point was defined as the date of death.

Statistical Analysis
Crude associations between treatment group or outcomes and
patient characteristics were described.

Cox proportional hazards models were used to estimate the
association between groups of selected antihypertensive drugs
and hospitalization for COVID-19. We reported the results of
crude associations and multivariable Cox model including all
the variables listed above in Table 1 with an additional interac-
tion term between age and gender. We used propensity score

Antihypertensive Drugs and COVID-19 Risk

methods to take into account nonrandomized antihypertensive
drugs. The individual propensities for exposure to one of the 3
antihypertensive classes were estimated by means of a multi-
nomial multivariable logistic regression model.?? The predicted
probabilities from the propensity score model were used to cal-
culate the stabilized inverse probability of treatment weighting.
We assessed the balance of individual covariates before and
after inverse probability of treatment weighting. For each com-
bination of 2 treatment groups, standardized differences were
calculated as the differences in means or proportions divided
by the pooled SD. For variables with >2 categories, calcula-
tions were based on the Mahalanobis distance.”® The negligible
difference was defined as an absolute standardized difference
<0.1. We then used different strategies to consider propensity
scores: inverse probability of treatment weighting with (as main
analysis) or without additional adjustment for the same vari-
ables, patient matching based on propensity scores, and use
of propensity score as an adjustment variable. For the last 2
strategies, the propensity score was calculated from several
binomial logistic models.

Stratified analyses were performed by sex, age, region, and
antihypertensive polymedication status. Competitive risk mod-
els were also tested considering all-cause deaths.

All calculations were performed using SAS, version 9.4 soft-
ware (SAS Institute, Inc).

Kaplan Meier - Hospitalization for covid
€ 1.00007 [Logrank p <.0001]
¢
()]}
2
< 0.9995 —
=
n
)
-_g. 0.9990 - 4
n e ——
—
© T
C R
©  0.9985 — e
5 - - _
o
o
o
o
0.9980 -

ACEI 566023 565932 565629 565197 565008 564891 0

ARB 958227 958084 957488 956657 956401 956196 0

CCB 358306 358226 357937 357512 357375 357263 0

[ I I I [
0 25 50 75 100 125
Delay since index date (days)
| treatment ACEl —— — ARB — - — CCB]|

Figure 2. Kaplan-Meier survival curves of time to hospitalization for coronavirus disease 2019 (COVID-19) stratified by
treatment group and showing the proportion of subjects with no event from the index date (February 15, 2020) until the end

of follow-up.

y axis adjusted to account for rare events. ACE indicates angiotensin-converting enzyme and ACEI, ACE inhibitors; ARB, angiotensin receptor

blockers; and CCB, calcium channel blockers.
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RESULTS

We identified 3617556 patients between the ages of
18 and 80 years with exclusive exposure to 1 of the 3
drug classes of interest (patients could concomitantly
receive another class of antihypertensive drug; they were
identified as antihypertensive polymedicated): 1326 476
patients in the ACE inhibitors cohort, 1661 197 patients
in the ARB cohort, and 629883 patients in the CCB
cohort. After exclusion of patients with known comor-
bidities, 566 023 individuals remained in the ACE inhibi-
tors cohort, 958227 individuals in the ARB cohort, and
358306 individuals in the CCB cohort (Figure 1).
Baseline characteristics according to antihyperten-
sive drugs are shown in Table 1. The 3 cohorts were
relatively well balanced in terms of sociodemographic
characteristics and other medications, but with several
differences: ACE inhibitors prevalent users were more
likely to be men compared with ARB or CCB prevalent
users (46% versus 41% and 40%, respectively), less
likely to be in the older age-group (28% versus 32%
and 31%, respectively) and less likely to live in more
deprived cities than ARB and CCB users. Fewer ACE
inhibitor prevalent users were identified as living in the

Antihypertensive Drugs and COVID-19 Risk

lle-de-France region (which includes Paris; 12% versus
17% and 219%, respectively).

The main most recently dispensed molecules before
the index date in each antihypertensive drug category
were perindopril (34%) and ramipril (32%) in the ACE
inhibitors cohort; irbesartan (43%) and candesartan
(28%) in the ARB cohort; and lercanidipine (37%) and
amlodipine (34%) in the CCB cohort. Other molecules
each represented <10% of most recently dispensed
drugs (Table S1). Among ACE inhibitors and ARB
patients, 60% did not take any other antihypertensive
drug, compared with 70% of CCB patients. The other
drugs most commonly used were diuretics in the ACE
inhibitors (81%) and ARB (83%) cohorts, compared with
47% in the CCB cohort, in which the other class most
commonly used was beta-blockers (74%).

The mean number of dispensations was 6 (SD, 2.5)
over a 12-month period. As a result of large pack sizes
(for 3 months), the mean number of months covered by
at least one reimbursement in each cohort was 11 (SD,
3) over the same period. From February 16 to May 31,
2020, >90% of individuals continued to receive at least
one dispensing of a drug from the same class and <2%
switched to a drug from another class.
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Figure 3. Kaplan-Meier survival curves of time to hospitalization for coronavirus disease 2019 (COVID-19) death or intubation
stratified by treatment group and showing the proportion of subjects with no event from the index date (February 15, 2020)

until the end of follow-up.

y axis adjusted to account for rare events. ACE indicates angiotensin-converting enzyme and ACEI, ACE inhibitors; ARB, angiotensin receptor

blockers; and CCB, calcium channel blockers.
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Hazard ratios (HR) and 95% Cls for mutually
adjusted associations between outcomes and all vari-
ables, including exposure to antihypertensive drugs,
are shown in Tables S4 and Sb. After inverse prob-
ability of treatment weighting, baseline characteristics
of individuals according to antihypertensive drug were
well balanced (Figure S1).

From February 15, 2020 to June 7, 2020, the primary
end point occurred in 2338 patients (685 in the ACE
inhibitors group, 1194 in the ARB group, and 559 in the
CCB group); a total of 526 patients were intubated or
died (125 in the ACE inhibitors group, 267 in the ARB
group and 134 in the CCB group). Kaplan-Meier sur-
vival curves of time to hospitalization for COVID-19 or
to death/intubation stratified by exposure group are
shown in Figures 2 and 3, respectively. In crude analyses,
patients exposed to ACE inhibitors or ARB drugs were
less likely to have experienced a primary end point event
compared with individuals exposed to CCBs (HR, 0.66
[95% Cl, 0.69-0.74] for ACE inhibitors; 0.80 [0.72-0.88]
for ARB; Table 2).

In the main analysis with inverse probability of treat-
ment weighting, ACE inhibitors, and ARB exposures
were associated with a decreased risk of hospitalization
with COVID-19 compared with exposure to CCB (HR,
0.74 [95% ClI, 0.656-0.83] 0.84 [95% ClI, 0.76-0.93],
respectively). ACE inhibitors and ARB exposures were
also associated with a decreased risk of intubation or
death in the main analysis compared with CCB exposure
(HR, 0.66 [95% CI, 0.561-0.84]; 0.79 [95% ClI, 0.64~
0.98], respectively). We observed a lower risk for hospi-
talization (HR, 0.87 [95% CI, 0.79-0.96]) and death or

Antihypertensive Drugs and COVID-19 Risk

intubation (HR, 0.83 [95% CI, 0.67—1.03)]) in patients in
the ACE inhibitors group compared with patients in the
ARB group (data not shown).

Additional multivariable analyses yielded similar
results. The negative associations between ARB and
ACE inhibitors exposures and hospitalization for COVID-
19 compared with exposure to CCB were observed in
almost all subgroups according to sex, age, whether the
region was among the regions most severely affected
by COVID-19, or whether individuals were reimbursed
for other antihypertensive drugs (Table 3). The associa-
tion tended to be more pronounced in individuals aged
51 to 60 years (HR, 0.65 [95% Cl, 0.51-0.82] for ACE
inhibitors versus CCB; HR, 0.76 [95% CI, 0.61-0.94]
for ARB versus CCB), in the regions most severely
affected by COVID-19 (HR, 0.65 [95% CI, 0.57-0.74]
and 0.79 [0.71-0.89]) and for death/intubation out-
comes only, when patients did not take any other anti-
hypertensive drug (HR, 0.59 [95% Cl, 0.43-0.80] and
0.69 [0.563-0.89], respectively). Results were still con-
sistent after exclusion of patients (Table S6) with can-
cer, after excluding patients who switched treatment to
one of the other 2 drug classes or who stopped treat-
ment during the 3 months following the index date,
and after excluding patients reimbursed for anticoagu-
lants, heparin, or antiplatelet drugs (n=17 080 [3%)],
26100 [3%], 10779 [3%] in the ACE inhibitors, ARB,
and CCB cohorts, respectively). In the later analysis,
HRs of ACE inhibitors and ARB exposures for the
risk of hospitalization with COVID-19 compared with
CCB were 0.74 (95% Cl, 0.65-0.83) and 0.84 (95% CI,
0.76-0.93), respectively.

Table 2. Association Between Exposure to Antihypertensive Drugs (CCB, ACE inhibitors, ARB) and the Risk
of COVID-19 Outcomes (Hospitalization and Death or Intubation for COVID-19)

Hospitalization with COVID-19 analysis CCB ACE inhibitor ARB
No. of events/no. of individuals at risk 559/358306 585/566 023 1194/958227
Crude analysis, HR (95% CI) 1 0.66 (0.59-0.74) 0.80 (0.72-0.88)
Multivariable conditional Cox model* HR (95% CI) 1 0.73 (0.65-0.82) 0.83 (0.75-0.92)
Conditional Cox models, propensity score approaches, HR (95% ClI)
IPTW 1 0.74 (0.66-0.83) 0.85 (0.76-0.94)
IPTW as well as multivariable adjustmentt 1 0.74 (0.65-0.83) 0.84 (0.76-0.93)
Death or intubation for COVID-19 analysis
No. of events/no. of individuals at risk 134/358306 125/566 023 267/958227

Crude analysis, HR (95% CI)

1

0.59 (0.46-0.75)

0.75 (0.61-0.92)

Multivariable conditional Cox model, HR (95% CI)

1

0.66 (0.51-0.84)

0.78 (0.65-0.97)

Conditional Cox models, propensity score approaches, HR (95% ClI)

IPTW

1

0.67 (0.52-0.86)

0.80 (0.64-0.99)

IPTW as well as multivariable adjustmentt

1

0.66 (0.51-0.84)

0.79 (0.64-0.98)

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blockers; CCB, calcium channel blockers; COVID-19, coronavirus
disease 2019; HR, hazard ratio; and IPTW, inverse probability of treatment weighting.
“*Adjustment for age, sex, interaction term between age and sex, social deprivation index, region, smoking, antihypertensive monotherapy,
NSAID, statins, high and low doses aspirin, anticoagulants, antiplatelet drugs, heparin, anxiolytics, antidepressants, antipsychotics, obesity, cancer,

neurological/degenerative diseases, hepatic failure.

tConsidered to be the main model, comprising the same variables.
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Table 3. Association Between Exposure to Antihypertensive Drugs (CCB, ACE Inhibitors, ARB) and Risk of 2 COVID-19 Out-
comes (Hospitalization and Death or Intubation for COVID-19) in a Multivariable Cox Model With Inverse Probability of Treat-
ment Weighting by Sex, Age Range, Region and AHT Polymedication

ccB ACE inhibitor ACE inhibitors ARB ARB
No. of events/no. | No. of events/no. | (Compared With No. of Events/no. | (Compared With
Models of patients at risk | of patients atrisk | CCB) of Patients at Risk | CCB)
Hospitalization with COVID-19 analysis, HR (95% ClI)
Stratification by sex
Male 274/143151 322/270077 0.71 (0.61-0.84) 612/396 002 0.83 (0.72-0.97)
Female 285/215155 281/314 321 0.76 (0.64-0.90) 582/562225 0.85 (0.73-0.98)
Stratification by age
18t0 50y 67/48739 65/75679 0.83 (0.59-1.18) 92/90011 0.85 (0.61-1.18)
51t0 60y 138/79193 144/146594 0.65 (0.51-0.82) 266/215638 0.76 (0.61-0.94)
61to 70y 170/118014 196/198900 0.74 (0.60-0.92) 417/346 105 0.88 (0.74-1.06)
71t080y 184/112360 198/163225 0.79 (0.64-0.96) 419/306473 0.88 (0.74-1.05)
Stratification by region
More severely affected by COVID-19 450/207 328 458/325523 0.65 (0.57-0.74) 958/5660029 0.79 (0.71-0.89)
Less severely affected by COVID-19 109/150978 145/258875 0.80 (0.62-1.03) 236/398198 0.86 (0.68-1.08)
Stratification by AHT polymedication
Monotherapy 384/251720 340/353236 0.73 (0.63-0.85) 690/582 031 0.85 (0.75-0.97)
Polymedication 175/106586 263/231162 0.74 (0.61-0.90) 504/376 196 0.83 (0.70-0.99)
Death or intubation for COVID-19 analysis, HR (95% ClI)
Stratification by sex
Male 77/143151 83/270077 0.67 (0.49-0.92) 172/396 002 0.84 (0.64-1.11)
Female 57/215155 45/314321 0.63 (0.42-0.95) 95/562225 0.70 (0.50-0.99)
Stratification by age
18t0 50y 8/48739 14/75679 1.30 (0.54-3.11) 16/90011 1.07 (0.45-2.55)
51t0 60y 23/79193 18/146594 0.49 (0.26-0.93) 44/215638 0.76 (0.45-1.29)
61to 70y 47/118014 43/198900 0.57 (0.37-0.87) 86/346105 0.66 (0.46-0.95)
71t080y 56/112360 53/163225 0.74 (0.50-1.09) 121/306473 0.89 (0.64-1.24)
Stratification by region
More severely affected by COVID-19 115/207 328 106/325523 0.59 (0.45-0.77) 229/560029 0.76 (0.60-0.95)
Less severely affected by COVID-19 19/150978 22/258875 0.77 (0.40-1.47) 38/398198 0.87 (0.45-1.55)
Stratification by AHT polymedication
Monotherapy 99/251720 72/353236 0.59 (0.43-0.80) 148/582031 0.69 (0.53-0.90)
Polymedication 35/106586 56/231162 0.79 (0.51-1.20) 119/376 196 0.98 (0.67-1.43)

ACE indicates angiotensin-converting enzyme; AHT, antihypertensive; ARB, angiotensin receptor blockers; CCB, calcium channel blockers; COVID-19, coronavirus

disease 2019; and HR, hazard ratio.

Matching or adjustment for propensity score or com-
petitive risk model taking into account all-cause of deaths
showed very consistent results (Table S7, S8; Figure S2).

DISCUSSION

In this large nationwide retrospective cohort study, we
observed differences in the risk of hospitalization with
COVID-19 according to antihypertensive drug class in
a population free of any known cardiovascular or respi-
ratory diseases. Compared with chronic CCB users,
patients with long-term use of ACE inhibitors or ARBs
up until the start of the epidemic were less likely to be
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hospitalized with COVID-19 (HR, 0.74 [95% Cl, 0.65~
0.83] and 0.84 [95% Cl, 0.76-0.93], respectively) and
less likely to die or be intubated.

Several studies have investigated the risk difference
according to antihypertensive drug classes. To our knowl-
edge, apart from one study which reported a positive
association,?* most studies, including several meta-anal-
yses, concluded on either no association or a negative
trend with COVID-19 risk or severity.5-1325-29

These studies can have a risk of confounding bias or col-
lider bias.2%%" To limit confounding, we restricted the study
population to a more homogeneous population of treated
hypertensive patients with no known cardiovascular comor-
bidity and no major comorbidity suspected to increase the
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risk of COVID-1932 We selected patients younger than 80
years treated over a long period of time with drugs with
similar indications in 3 mutually exclusive classes of anti-
hypertensive drugs to limit indication bias and confounding.
Thereafter, adjustments had little impact on the main asso-
ciations. Our population was also not restricted to hospital-
ized or tested-positive patients to limit collider bias.’

If the presence of cough is a specific side effect of
this ACE inhibitors users, selecting patients with long-
term use should limit this bias, as such patients would be
more likely to tolerate their treatment. Moreover, such a
bias would not explain the results observed with ARBs.
Although we cannot exclude residual confounding or
selection bias, we do not think these biases could entirely
explain the negative associations observed in this study.

Although this database does not guarantee that the
subject actually took the antihypertensive drug dis-
pensed, selecting patients to whom the drug was dis-
pensed at least 3x should reduce this drawback. The
mean number of dispensations was 6 over a 12-month
period and the mean number of months covered by at
least one reimbursement in each cohort was 11 which
suggests that the majority of the patients probably pre-
sented a good adherence to treatment. Finally, little
information is available on lifestyle, and variables, such
as obesity or smoking, are underestimated.

Santé publique France, the French center comparable
to US Centers for Disease Control and Prevention, esti-
mated that between March 1, 2020 and June 9, 2020,
102863 patients were hospitalized with COVID-19 in
France, including 18912 patients who died in hospitals.
Before March 1, 2020, there were fewer than 400 hos-
pitalizations with COVID-19 in France (2 in our study). Of
these 102863 patients, 11961 were still hospitalized in
France on June 9, 2020, including 955 patients in inten-
sive care (with or without intubation). Our study, there-
fore, included ~80% of all patients (83455/102863)
hospitalized with COVID-19 in France, and >90% of
these patients after excluding those patients who were
still hospitalized.

Perspectives

In our study based on a large population of hyperten-
sive patients, renin-angiotensin-aldosterone system
inhibitors use compared with CCB use was negatively
associated with the risk of COVID-19, and stronger
associations were observed for ACE inhibitors than for
ARBs. Although the observational design of this study
prevents us from drawing any definitive conclusions
about the nature of this association, this study provides
additional evidence in support of a potential protective
effect of ACE inhibitors or ARBs compared with CCBs
in hypertensive patients and, if it is confirmed, raises

Hypertension. 2021;77:833-842. DOI: 10.1161/HYPERTENSIONAHA.120.16314
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new questions about the pharmacological mechanisms
of this effect.
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