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Discontinuation of Antihypertensive Medications on
the Outcome of Hospitalized Patients With Severe
Acute Respiratory Syndrome-Coronavirus 2
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ABSTRACT: RAASI (renin-angiotensin-aldosterone system inhibitors) are suggested as possible treatment option in the early
phase of severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) infection. A meta-analysis investigating the
possible detrimental effects of RAASI on the severity of (SARS-CoV-2) infection showed that ambulatory use of RAAS,
by hospitalized patients, has a neutral effect. It is, however, conceivable that this observation is biased by the fact that
antihypertensive medications, are often discontinued at or during admission in hospitalized patients with SARS-CoV-2.
We, therefore, investigated the effect of discontinuation of antihypertensive medications, in hospitalized patients with
SARS-CoV-2. We performed a retrospective observational study on 1584 hospitalized patients with SARS-CoV-2 from 10
participating hospitals in the Netherlands. Differences in the outcome (severity of disease or death) between the groups in
which medications were either continued or discontinued during the course of hospitalization were assessed using logistic
regression models. Discontinuation of angiotensin receptor blockers, ACE (angiotensin-converting enzyme) inhibitors and
[-blockers, even when corrected for sex, age, and severity of symptoms during admission, resulted in a 2 to 4x higher risk
of dying from SARS-CoV-2 infection (odds ratio [95% Cl]); angiotensin receptor blockers 2.65 [1.17-6.04], ACE inhibitor
(2.28 [1.15-4.54]), and B-blocker (3.60 [1.10-10.27]). In conclusion, discontinuation of at-home ACE inhibitor, angiotensin
receptor blockers, or B-blocker in patients hospitalized for a SARS-CoV-2 infection was associated with an increased risk
of dying, whereas discontinuation of calcium channel blockers and diuretics was not. (Hypertension. 2021;78:165-173.
DOI: 10.1161/HYPERTENSIONAHA.121.17328.) ® Data Supplement
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enzyme 92), an enzyme involved in the renin-angioten-
sin-aldosterone system (RAAS), to enter and infect the
host cells, many have commented on ACE inhibitors or

coronavirus 2 (SARS-CoV-2) pandemic has so

The current severe acute respiratory syndrome-
far led to 2.96 million deaths worldwide (https://

ourworldindata.org/covid-deaths, April 13, 2021). Epi-
demiological data suggests that people with underlying
medical conditions like diabetes, hypertension, kidney,
or coronary artery disease as well as obesity are more
vulnerable to severe disease,'? but this seems to be
attenuated after adjusting for age.®* Since the virus uses
the membrane-bound ACE2 (angiotensin-converting

angiotensin receptor blockers (ARB) to result in either
a worse or a better outcome.®® On the contrary, it has
been suggested, that RAAS blocking agents might
increase ACE2 levels and hereby increase the risk of
a SARS-CoV-2 infection.'? On the contrary, this has
been refuted by others.” Interestingly, ARBs are sug-
gested to be beneficial, since they block the deleterious
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Discontinuation of antihypertensive in SARS-CoV-2

Novelty and Significance

What Is New?

* Our study shows that even when adjusting for criteria
for severe illness, such as the modified early warning
score score or oxygen level, discontinuing ACE (angio-
tensin-converting enzyme) inhibitor, angiotensin recep-
tor blockers or B-blockers was associated with dying
from a severe acute respiratory syndrome-coronavirus
2 infection in hospitalized patients.

* We used prescription level data from the general popu-
lation as well to compare with data from hospitalized
patients.

What Is Relevant?

* Apart from angiotensin receptor blockers and ACE
inhibitor, we have also analyzed association of

discontinuing 3 other class of at-home antihyperten-
sive medications with outcome in hospitalized patients
with severe acute respiratory syndrome-coronavirus 2.

Summary

This study shows that discontinuing renin-angiotensin-
aldosterone system or 3-blocking agents is associated
with dying form severe acute respiratory syndrome-
coronavirus 2 infection in hospitalized patients.
Whether these medications might protect against
a severe acute respiratory syndrome-coronavirus 2
infection cannot be concluded from this observational
study.

Nonstandard Abbreviations and Acronyms

ACE2 angiotensin-converting enzyme 2
Ang Il angiotensin ||

ARB angiotensin receptor blocker

BB B-blocker

ccB calcium channel blocker

RAAS renin-angiotensin-aldosterone system

SARS-CoV-2 severe acute respiratory syndrome-
coronavirus 2

proinflammatory effects of increased angiotensin I lev-
els, which emerge after viral infection.®®

To be able to shed some light on these contradic-
tory issues, many have investigated the effects of RAAS
blocking agents on the severity of hospitalized patients
with  SARS-CoV-2. A most recently updated meta-
analysis, that comprised 86 nonrandomized observa-
tional studies, showed that ACE inhibitor or ARBs
was associated with a small but significant decrease
in mortality, among hypertensive patients hospitalized
for SARS-CoV-2.° Analysis on hospitalized patients
is likely to be confounded, since in seriously ill patients
antihypertensive and, therefore, RAAS blocking agents
are often discontinued.""'? If this is the case, it will cre-
ate a bias in which potentially beneficial medication is
withdrawn, leading to a more unfavorable outcome and
consequently a neutral net effect on at-home medica-
tion use in a SARS-CoV-2 infection. Indeed, recently,
others showed that in-hospital withdrawal of ARBs or
ACE inhibitor resulted in a higher risk of severe disease
or death in patients with a SARS-CoV-2 infection.'!'314
Whether this was due to the fact that these patients
already had severe disease at admission and whether
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this was controlled for in the analysis, was not reported.
Furthermore, none of the mentioned studies addresses
the issue of higher versus lower affinity ARBs. In the
previously mentioned meta-analysis, 62% of the data
came from Europe and the United States and by check-
ing the prescription level data for individual ARB medi-
cations, we found that these countries mainly prescribe
low-affinity ARBs."® This is another potential reason
for the neutral association of ARBs with SARS-CoV-2
related mortality.

Besides, previously, we analyzed the prescription data
of different types of antihypertensive medications among
30 countries worldwide and its relationship to the first
3-week mortality due to a SARS-CoV-2 infection. With
this analysis, we were able to show that countries pre-
scribing higher amounts of ARBs and especially higher
amounts of high-affinity ARBs had lower mortality rates
in the first 3 weeks.'®

Therefore, we hypothesized that discontinuation of
RAAS blocking agents in hospitalized patients with
SARS-CoV-2, could have an association with worse out-
come irrespective of disease severity at admission.

METHODOLOGY

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Design and Data Collection

In this retrospective cohort study, data on SARS-CoV-2 related
hospitalization was collected from 10 participating hospi-
tals in the Netherlands. Baseline characteristics, medication
use, comorbidities, and outcomes were extracted from the
Electronic Health Records, by a Natural language processing
and text mining-based tool validated in previous study.'® For
details see methods in the Data Supplement.

Hypertension. 2021;78:165-173. DOI: 10.1161/HYPERTENSIONAHA.121.17328
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Study Population

Patients admitted to the hospital were included in the study if
they were 18 years or older and were diagnosed with SARS-
CoV-2. Data on comorbidities, such as hypertension, diabe-
tes, coronary artery disease, and heart failure in the general
population, were obtained from the Dutch bureau of statistics
(StatLine database Dutch Bureau of Statistics 2018). To com-
pare the use of antihypertensive medication between patients
hospitalized with a SARS-CoV-2 infection and the general pop-
ulation personalized prescription data from IQVIA Netherlands
was used (methods in the Data Supplement).

Definitions and Study Outcome

Patients were classified according to the severity of disease in
3 groups: mild disease, severe disease, or death. Patients with
normal arterial oxygen partial pressure (pO2 >80 mmHg) at
admission and no admission to the intensive care unit or death
during hospitalization were classified as having mild disease.
Severe disease was defined as either a low pO2 (pO2 <80
mmHg) at admission or intensive care unit admission during
hospitalization. The final group consists of the patients who died
of SARS-CoV-2. Patients using any of the 5 antihypertensive
medication groups, irrespective of the underlying disease it was
prescribed for, were classified as antihypertensive users. Data
of the five most important antihypertensive medications, that is,
ACE inhibitor, ARBs, B-blockers (BB), calcium channel block-
ers (CCB), and diuretics, either used at home or during hos-
pitalization, were gathered. Information on when and for what
reason medication was discontinued during hospitalization was
not available. We also defined which ARB had a higher or lower
receptor affinity, taking into account the differences in terms of
receptor binding kinetics, pharmacodynamics as well as phar-
macokinetic properties'’~'® (methods in the Data Supplement).

Statistical Analysis

All analyses were performed using SPSS version 26.0 (SPSS
Inc, Chicago, IL). Results were reported as meantSD for
continuous variables and number and percentage (%) for
categorical data, except when indicated otherwise. Baseline
characteristics were compared using Fisher exact test. We
conducted 3 analyses: first, we analyzed the proportions of
antihypertensive medication use in all hospitalized patients
on the severity of SARS-CoV-2 infection as compared with
the general population. Second, we analyzed the impact of
discontinuation of antihypertensive medication during hospi-
talization on the severity of SARS-CoV-2 infection. Finally, we
analyzed the effect of discontinuing higher or lower affinity
ARBs on severity of SARS-CoV-2 disease. The final model
was corrected for sex, age, and modified early warning score.
The model with outcome death was additionally adjusted for
pO2 at admission (methods in the Data Supplement).

RESULTS
Study Population

Table 1 shows the baseline characteristics of admitted
patients with SARS-CoV-2 as compared with the gen-
eral population. A total of 2289 patients admitted for a

Hypertension. 2021;78:166-173. DOI: 10.1161/HYPERTENSIONAHA.121.17328
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Table 1. Baseline Characteristics of All Patients Admitted
With SARS-CoV-2 Infection as Compared With the General

Population
Hospitalized
General patients with
population, SARS-CoV-2,
Characteristic n=13370428* n=1584
Age, y, meantSD 50.25+18.60 68.77+13.621
Male gender, n (%) 6575155 937 (59.2)t
(49.18)
Antihypertensive medication, n (%) 914 (567.7)
No. of at-home antihypertensives, n (%)
1 356 (38.94)
2 286 (31.29)
3 202 (22.10)
4or5 70 (7.65)
Emergency department admission 27 (1.70)

only, n (%)

Comorbidities, n (%)

Hypertension 2727567 (20.4) | 627 (39.58)t
Diabetes 1062949 (8.0) 397 (25.06)t
History of CAD 1272419 (9.5) 219 (13.82)t
History of heart failure 209470 (1.6) 158 (9.97)t

Qutcome, n (%)

Mild disease 418 (26.39)

Severe disease 791 (49.94)

Death 375 (23.67)

At-home antihypertensive medica- n=1880205 n=914

tion, n (%)

Angiotensin receptor blockers 443341 (23.58) | 241 (26.36)
Low affinity 321782 (72.58) 179 (74.27)
High affinity 121559 (27.42) 62 (25.73)

ACE inhibitors 634522 (33.74) | 309 (33.80)

f blockers 953127 (50.69) | 524 (57.33)t

Calcium channel blockers 602771 (32.05) | 305 (33.36)

Diuretics 718975 (38.23) 437 (47.81)t

Discontinued medication, n (%) n=270

Angiotensin receptor blockers 76 (28.14)

ACE inhibitors 100 (37.04)

f blockers 33 (12.22)

Calcium channel blockers 66 (24.44)

Diuretics 99 (36.66)

ACE indicates angiotensin-converting enzyme; CAD, coronary artery disease;
and SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2.

*Central bureau of statistics 2018.

+A<0.05.

SARS-CoV-2 infection were included in the database,
for 1584 (69.20%) data was available on at-home and
in-hospital antihypertensive medication use as well as all
the desired outcome parameters. Of these 1584 patients,
914 (57.70%) used any of the antihypertensive medica-
tions at home. As expected, patients with a SARS-CoV-2
infection were older (68.77+13.52 versus 50.25+18.60;
P<0.05), more often of male sex (59.2% versus 49.18%;
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P<0.05), and had significantly more often hyperten-
sion (39.58% versus 20.4%), diabetes (25.06% versus
8.0%), coronary artery disease (13.82% versus 9.5%),
and heart failure (9.97% versus 1.6%) as compared with
the general population (all A<0.05). Besides, patients
admitted for a SARS-CoV-2 infection more often used
B-blockers (57.33% versus 50.69%; £<0.05) or diuretics
(47.81% versus 38.23%; £<0.05).

Table 2 shows the baseline characteristics of the study
population according to disease severity. Of the 15684
patients admitted to the hospital, 418 (26.39%) had mild
disease, 791 (49.94%) had severe disease, and 375
(23.67%) patients died. The patients who died were older
(77.10+8.61 versus 65.66+12.77 versus 67.19+15.34),
more often of male sex (67.43% versus 59.67% versus
51.19%), and had more comorbidities such as hyperten-
sion (49.33% versus 33.50% versus 42.58%), diabe-
tes (33.60% versus 21.11% versus 24.64%), coronary
artery disease (19.73% versus 10.74% versus 14.35%),
and heart failure (13.86% versus 7.45% versus 11.24%)
compared with the patients with severe or mild disease,
respectively. Besides, patients who died used signifi-
cantly more often ACE inhibitor (26.13% versus 15.80%
versus 20.57; F<0.05) and CCBs (28.27% versus
16.02% versus 17.22%; F<0.05) compared with patients
with severe disease and mild disease, respectively.

Discontinuation of antihypertensive in SARS-CoV-2

Furthermore, patients who died used significantly more
often B-blockers (40% versus 28.70%; F<0.05) and
diuretics (33.07% versus 28.91%; F<0.05) compared
with patients with severe disease. Patients who devel-
oped severe disease were more often men (59.67% ver-
sus 51.19%; P<0.05) and significantly less often used
ARBs (13.78% versus 18.18%; £<0.05), ACE inhibi-
tor (15.80% versus 20.57%; F<0.05), and B-blockers
(28.70% versus 35.17%; F<0.05) compared with those
who developed mild disease.

At-Home Antihypertensive and In-Hospital
Prognosis

When analyzing only individuals with at-home antihy-
pertensive medication, patients who died were older
(77.76%8.02 versus 69.77+10.85 versus 72.80+11.77),
more often men (65.12% versus b57.35% versus
52.02%), and had more comorbidities such as hyperten-
sion (B7.75% versus 46.32% versus 55.24%), diabe-
tes (38.37% versus 24.51% versus 26.61%), coronary
artery disease (21.70% versus 13.72% versus 19.76%)
compared with the patients with severe disease or mild
disease, respectively (Table 3).

The number of patients in whom at least one anti-
hypertensive medication was discontinued during

Table 2. Baseline Characteristics of All Patients Admitted With SARS-CoV-2 Infection With

g Mild or Severe Disease or Whom Died

% Characteristic Mild, n=418 Severe, n=791 Death, n=375

% Age, y, meantSD 67.19+15.34 65.66+12.77 77.10+8.61*t

§ Male gender, n (%) 214 (51.19) 472 (59.67)* 251 (67.43)*t

g Antihypertensive medication, n (%) 248 (59.33) 408 (51.58)* 258 (69.21)*t

g No of at-home antihypertensives, n (%) 248 (59.33) 408 (51.58)* 258 (68.80)*t

-§-. 1 91 (36.69) 172 (42.15) 93 (36.04)

5 2 83 (33.47) 126 (30.88) 77 (29.84)

§ 3 56 (22.58) 81 (19.85) 65 (25.19)

< 4or5 18 (7.25) 29 (7.10) 23 (8.91)

§ Emergency department admission only, n (%) 14 (3.35) 10 (1.26)* 3(0.8)*

(%" Comorbidities, n (%)

% Hypertension 178 (42.58) 265 (33.50)* 185 (49.33)t

B Diabetes 103 (24.64) 167 (21.11) 126 (33.60)*t

B History of CAD 60 (14.35) 85 (10.74) 74 (19.73)*t
History of heart failure 47 (11.24) 59 (7.45)* 52 (13.86)t

At-home antihypertensive medication, n (%)

Angiotensin receptor blockers 76 (18.18) 109 (13.78)* 56 (14.93)
ACE inhibitors 86 (20.57) 125 (15.80)* 98 (26.13)*t
{3 blockers 147 (35.17) 227 (28.70)* 150 (40)t
Calcium channel blockers 72 (17.22) 127 (16.02) 106 (28.27)*t
Diuretics 116 (27.75) 197 (24.91) 124 (33.07)t

ACE indicates angiotensin-converting enzyme; CAD, coronary artery disease; and SARS-CoV-2, severe acute respiratory
syndrome-coronavirus 2.

*A<0.05 in comparison to mild disease.

1F<0.05 in comparison to severe disease.
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Table 3. Baseline Characteristics of Patients on Antihypertensive Medication Admitted With
SARS-CoV-2 Infection With Either Mild or Severe Disease or Whom Died

Characteristic Mild, n=248 Severe, =408 Death, n=258
Age, y, meantSD 72.80+£11.77 69.77+10.85* 77.7618.02*t
Male gender, n (%) 129 (52.02) 234 (57.35) 168 (65.12)*
No. of at-home antihypertensives, n (%)

1 91 (36.69) 172 (42.15) 93 (36.04)

2 83 (33.47) 126 (30.88) 77 (29.84)

3 56 (22.58) 81 (19.85) 65 (25.19)

4or5 18 (7.25) 29 (7.10) 23 (8.91)
Emergency department admission only, n (%) 6 (2.42) 6 (1.47) 0 (0)
Comorbidities, n (%)

Hypertension 137 (55.24) 189 (46.32)* 149 (567.75)t

Diabetes 66 (26.61) 100 (24.51) 99 (38.37)*t

History of CAD 49 (19.76) 56 (13.72)* 56 (21.70)t

History of heart failure 35 (14.11) 46 (11.27) 41 (15.89)
At-home antihypertensive medication, n (%)

Angiotensin receptor blockers 76 (30.65) 109 (26.72) 56 (21.70)*

ACE inhibitors 86 (34.68) 125 (30.63) 98 (37.98)

f blockers 147 (59.27) 227 (55.64) 150 (58.13)

Calcium channel blockers 72 (29.03) 127 (31.13) 106 (41.08)*t

Diuretics 116 (46.77) 197 (48.28) 124 (48.06)
Discontinued medication, n (%)

Angiotensin receptor blockers 20 (26.32) 32 (29.36) 24 (42.85)

ACE inhibitors 24 (27.91) 30 (24.00) 46 (46.93)*t

f blockers 5 (3.40) 11 (4.85) 17 (11.33)*t

Calcium channel blockers 16 (22.22) 28 (22.05) 22 (20.75)

Diuretics 24 (20.69) 43 (21.83) 32 (25.80)

ACE indicates angiotensin-converting enzyme; CAD, coronary artery disease; and SARS-CoV-2, severe acute respiratory

T20Z ‘9T aunC uo Aq Hio'sjeunofeye//:dny wo.j papeoumod

syndrome-coronavirus 2.
*F<0.05 in comparison to mild disease.
1P<0.05 in comparison to severe disease.

hospitalization was 76 for ARBs (28.14%), 100 for ACE
inhibitor (37.04%), 33 for BB (12.22%)), 66 for CCB
(24.449%), and 99 for diuretics (36.66%), as depicted in
Table 1. Among the patients who died, discontinuation of
ACE inhibitors (46.93% versus 24.0% versus 27.91%;
P<0.05) and B-blockers (11.33% versus 4.85% versus
3.40%; F<0.05) was reported significantly more often
compared with patients who developed severe disease
and mild disease, respectively (Table 3).

When analyzing the risk of dying or developing severe
disease in patients with a SARS-CoV-2 infection, we only
observed that individuals using CCB had a higher risk of
dying, independent of any of the adjustments including
modified early warning score score (Table 4).

Discontinuation of Antihypertensive
Medications During Hospitalization
When analyzing the effect of in-hospital discontinuation

of antihypertensive medication on the severity of SARS-
CoV-2 infection, we observed that discontinuation of

Hypertension. 2021;78:166-173. DOI: 10.1161/HYPERTENSIONAHA.121.17328

ARBs, ACE inhibitor, and BB was associated with an
increased risk of dying from a SARS-CoV-2 infection,
even after adjusting for confounders such as age, sex,
and modified early warning score at admission (3, ARB,
2.65 [95% Cl, 1.17-6.04]); ACE inhibitor (8, 2.28 [95%
Cl, 1.15-4.564]); BB (, 3.60 [95% CI, 1.10-10.27];
Table B), where as discontinuation of CCBs or diuret-
ics was not. Finally, to further substantiate our findings,
we also analyzed the effect of discontinuing antihyper-
tensive medication association with severity of a SARS-
CoV-2 infection in a selected population of hypertensive
patients only and found similar results (Table S1 in the
Data Supplement).

High- Versus Low-Affinity ARBs

To further substantiate our observations, we also ana-
lyzed the distribution of higher or lower affinity ARBs
on disease severity. We observed that with increas-
ing severity of disease, a smaller number of individu-
als used high-affinity ARBs, which might suggest that
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Table 4. Association of At-Home Antihypertensive Medications With Outcome in Patients on Antihypertensive Medication
Hospitalized for SARS-CoV-2

Model B (95% CI)

At-home antihypertensive Angiotensin receptor Calcium channel

medication blockers ACE inhibitors B blockers blockers Diuretics

Mild disease

Severe disease
Model | 0.83 (0.58-1.17) 0.83 (0.60-1.16) 0.86 (0.63-1.19) 1.11 (0.78-1.56) 1.06 (0.77-1.46)
Model Il 0.84 (0.59-1.20) 0.78 (0.56-1.10) 0.94 (0.68-1.30) 1.08 (0.76-1.53) 1.15 (0.83-1.58)
Model llI 0.87 (0.61-1.24) 0.74 (0.52-1.05) 0.89 (0.64-1.25) 1.10 (0.78-1.57) 1.12 (0.81-1.55)
Model IV 0.87 (0.60-1.26) 0.81 (0.56-1.15) 0.98 (0.68-1.40) 1.15 (0.77-1.72) 1.40 (0.94-2.08)
Model V 0.89 (0.62-1.27) 0.79 (0.56-1.12) 0.98 (0.70-1.36) 1.11 (0.78-1.58) 1.21 (0.86-1.69)

Death
Model | 0.63 (0.42-0.94)* 1.15 (0.80-1.66) 0.95 (0.67-1.36) 1.71 (1.18-2.47)* 1.05 (0.74-1.49)
Model Il 0.67 (0.44-1.02) 1.20 (0.82-1.75) 0.89 (0.61-1.29) 1.90 (1.29-2.80)* 0.94 (0.65-1.34)
Model IlI 0.68 (0.44-1.05) 1.13 (0.76-1.68) 0.85 (0.568-1.26) 1.93 (1.29-2.89)* 0.90 (0.62-1.32)
Model IV 0.61 (0.40-0.95)* 1.17 (0.79-1.74) 0.81 (0.563-1.21) 2.21 (1.34-3.30)* 0.84 (0.565-1.30)
Model V 0.65 (0.43-0.99)* 1.15 (0.78-1.69) 0.84 (0.58-1.24) 1.83 (1.23-2.72)* 0.89 (0.61-1.29)

Model I: univariate; model |I: adjusted for age and sex; model Ill: model ll+adjusted for MEWS; model IV: model ll+adjusted for number of antihypertensive medication
at home; model V: model ll+adjusted for comorbidities (hypertension, diabetes, heart failure, and coronary artery disease). MEWS indicates modified early warning score;

and SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2.
*<0.05.

the affinity of ARBs is relevant in preventing disease
severity. These findings were not statistically significant
(Figure; Table S2).

DISCUSSION

In the present study, we show that discontinuation of
ARBs, ACE inhibitor, and B-blockers during hospitalization

for a SARS-CoV-2 infection is associated with a 2 to 4x
increased risk of death, independent of the severity of
disease at admission.

In animal models, it has been suggested, that ARBs
might alleviate the deleterious effects of ever-increasing
Ang Il (angiotensin Il) levels, due to the SARS-CoV-2
infection.2°2" Since ACE2 is internalized when the
SARS-CoV-2 virus binds to it, the enzyme no longer

Table 5. Association of Discontinuing At-Home Antihypertensive Medications With Outcome in Hospitalized Patients With

SARS-CoV-2

Model B (95% CI)

Discontinued medica- | Angiotensin receptor Calcium channel

tion blockers ACE inhibitors B blockers blockers Diuretics

Mild disease

Severe disease
Model | 1.16 (0.60-2.24) 0.82 (0.44-1.52) 1.45 (0.49-4.25) 0.99 (0.49-1.99) 1.07 (0.61-1.88)
Model Il 1.15 (0.59-2.24) 0.82 (0.43-1.54) 1.23 (0.41-3.71) 0.94 (0.46-1.91) 1.03 (0.59-1.83)
Model Il 1.16 (0.60-2.26) 0.83 (0.44-1.57) 1.25 (0.41-3.82) 0.95 (0.46-1.96) 1.11 (0.62-1.98)
Model IV 1.15 (0.59-2.24) 0.94 (0.48-1.83) 1.23 (0.40-3.73) 0.87 (0.42-1.83) 0.96 (0.54-1.72)
Model V 1.09 (0.55-2.18) 0.83 (0.44-1.58) 1.15 (0.38-3.52) 0.90 (0.44-1.86) 1.02 (0.567-1.81)

Death
Model | 2.10 (1.01-4.38)* 2.29 (1.23-4.23)* 3.63 (1.30-10.12)* 0.92 (0.44-1.90) 1.33 (0.73-2.44)
Model Il 2.57 (1.15-5.72)* 2.43 (1.25-4.70)* 3.64 (1.24-10.65)* 0.96 (0.44-2.09) 1.44 (0.77-2.70)
Model Il 2.65 (1.17-6.04)* 2.28 (1.15-4.54)* 3.60 (1.10-10.27)* 0.91 (0.40-2.04) 1.561 (0.76-3.02)
Model IV 2.79 (1.21-6.44)* 2.43 (1.24-4.76)* 3.55 (1.21-10.45)* 1.03 (0.47-2.26) 1.58 (0.83-3.00)
Model V 2.38 (1.02-5.53)* 2.36 (1.20-4.63)* 3.83(1.26-11.62)* 0.93 (0.42-2.09) 1.48 (0.78-2.82)

Model I: univariate; model II: adjusted for age and sex; model Ill: model lI+adjusted for MEWS; model IV: model ll+adjusted for number of antihypertensive medication
at home; and model V: model ll+adjusted for comorbidities (hypertension, diabetes, heart failure, and coronary artery disease). MEWS indicates modified early warning

score; and SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2.

*F<0.05.
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converts proinflammatory Ang Il into anti-inflamma-
tory Ang 1 to 7, leading to overstimulation of the Ang
Il type 1 receptor, inducing lung damage and respira-
tory distress syndrome. Therefore, since ARBs and ACE
inhibitor block this pathway and maintain an equilibrium,
discontinuation of these medications in patients with
SARS-CoV-2 infection could lead to worsening of dis-
ease.”? Besides, sympathetic overdrive due to an exces-
sive increase in the level of Ang Il could override the 1
adrenergic receptor blocked by daily use of 3-blockers.
The above mechanisms as well as the effect increas-
ing Ang Il has on superoxide production was previously
described by us.%

During the initial phase of the pandemic, others have
suggested that the use of ARBs and ACE inhibitor could
lead to an increased susceptibility of a SARS-CoV-2
infection as ARBs and ACE inhibitor could upregulate
ACEZ2 and facilitate the entry of the virus. If this would be
the case, patients infected with the SARS-CoV-2 virus
would more often use ARBs and ACE inhibitor compared
with the general population, which has been shown not
to be the case?*?® In addition, if the use of ARBs and
ACE inhibitor would be associated with a more severe
SARS-CoV-2 infection, represented by hospitalization,
patients using ARBs and ACE inhibitor would be over-
represented among hospitalized SARS-CoV-2 patients
as compared with the general population, which was
not the case in the present study. Furthermore, previ-
ous studies were not designed to answer the question
whether ARBs and ACE inhibitor lead to more severe
SARS-CoV-2 disease in hospitalized patients, since they
did not take into account the discontinuation of at-home
medication during admission.™

Recently published studies that investigated the
association between discontinuation of RAAS block-
ing agents and outcome in hospitalized SARS-CoV-2
patients, found similar results, namely that discontinu-
ation of these medications during the course of hospi-
talization was associated with an increased risk of dying
from SARS-CoV-2 infection,''='® whereas the continu-
ation of these medications was associated with lower

Hypertension. 2021;78:166-173. DOI: 10.1161/HYPERTENSIONAHA.121.17328

mortality.'#26 On the contrary, a recent large randomized
controlled trial on the discontinuation of RAAS inhibi-
tors found no difference in the duration of hospital or
death due to a SARS-CoV-2 infection but had a seri-
ous flaw in the study design. Namely, randomization was
broken due to the fact that around 80 individuals were
left out of the analysis, due to misconduct of one of the
study sites. Interestingly, additional on treatment analy-
sis showed a similar 2x higher risk of dying in the group
randomized to discontinuation of ARB medication dur-
ing hospitalization.?”

Another important confounder to consider, is that a
favorable outcome of ARBs, in case of a SARS-CoV-2
infection, can only be anticipated if the Ang Il type 1 recep-
tor is sufficiently blocked. The currently most prescribed
ARBs, losartan and valsartan, have a low Ang Il type 1
receptor affinity, a short half-life and are prescribed in a
once daily dose. Therefore, they only modestly block the
Ang Il effects. Meaning that we cannot expect sufficient
Ang Il type 1 receptor blockade to affect the outcome
of a SARS-CoV-2 infection. Since most of the published
studies mainly prescribe low-affinity ARBs'® and since we
already showed that worldwide higher affinity ARBs are
associated with lower first 3-week mortality,'® we suggest
that this should be better looked into. The current analysis
only shows a slight decrease in the number of individuals
on a high-affinity ARB, in the group that died, but the data
was underpowered to show significance.

Strength and Limitations

One could speculate that discontinuation of ACE inhib-
itor, ARBs, and BB among patients who died of SARS-
CoV-2, could be due to the fact that these patients
were already on the verge of dying and for that reason
antihypertensive medication was not deemed neces-
sary and therefore discontinued. On the contrary, if this
was the case, then this would also hold true for CCB
and diuretics, which was not the case. Besides, infor-
mation on when or for what reason medication was dis-
continued during hospitalization was lacking. Although
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medications will often be discontinued because of
more severe disease, we tried to control for that by cor-
recting our data for the modified early warning score
score, which did not change the results. Therefore, we
speculate that higher risk of mortality is related to the
discontinuation of RAAS and B-blockers themselves,
although this analysis cannot confirm this because of
its cross-sectional nature.

Another limitation might be that the analysis could
be influenced by the fact that antihypertensive drugs
are prescribed for different underlying conditions. We
therefore, we adjusted the logistic regression analysis
for comorbidities, which did not influence the results. In
addition, we also analyzed hypertensive patients only
and found similar results. Nevertheless, it is important
to stress, that one should consider all antihyperten-
sive medication users as a whole, irrespective of the
underlying disease it is prescribed for, since its asso-
ciation with a SARS-CoV-2 infection will not differ.
Whether the underlying disease and its reaction to a
SARS-CoV-2 infection will differ, is still to be debated.
Most of the underlying diseases, such as hyperten-
sion, diabetes, obesity, and cardiovascular disease
overlaps within patients and probably have a common
denominator, such as insulin resistance. However, we
besides considering underlying comorbidities we also
explored the association with the number of prescribed
antihypertensives.

Anotherissue is the retrospective observational nature
of the study, which means that the data is acquired in the
past and one is dependent on the quality of this data.
Therefore, we could not use the appropriate standard
definition of SARS-CoV-2 severity but instead used the
most crude and conservative definitions related to pO2
at admission. In addition, retrospective studies would
not allow you to assess causality, therefore, we tried to
substantiate our findings by assessing a kind of dose-
response relationship by analyzing the effects of lower or
higher affinity ARBs.

Conclusions

In conclusion, discontinuation of at-home ACE inhibitor,
ARBs, or BB in patients hospitalized for a SARS-CoV-2
infection was associated with an increased risk of dying,
whereas discontinuation of CCBs and diuretics was not.

Perspectives

In our multicentre study from the Netherlands, discon-
tinuation of ACE inhibitor, ARBs, and BB in hospitalized
patients with SARS-CoV-2 infection was associated with
an increased risk of dying, irrespective of the severity of
disease at admission. The observational study design,
prevents us from concluding causality. However, this
study provide association in the protective roles of ARBs,
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ACE inhibitor and -blockers in hospitalized patients with
SARS-CoV-2.

ARTICLE INFORMATION
Received March 8, 2021; accepted May 4, 2021.

Affiliations

From the Department of Clinical Epidemiology, Biostatistics and Bioinformatics
(S.S, S-J.P-S) and Department of Vascular Medicine (S.S, S-J.P-S.), Amster-
dam UMC, Academic Medical Center Amsterdam, the Netherlands; Microbiology
and System Biology, Netherlands Organization for Applied Scientific Research,
the Hague (AKO.-H.); Department of Internal Medicine, Diakonessenhuis,
Utrecht, the Netherlands (S.J.J.L.); Department of Clinical Pharmacy, Tergooi,
the Netherlands (PD.V.d.L.); Department of Internal Medicine, Martini Hospital,
the Netherlands (WM.TJ.); Department of Internal Medicine, Slingeland Hospi-
tal, Doetinchem, the Netherlands (H.K.); Department of Internal Medicine, Isala,
Zwolle, the Netherlands (FW.); Department of Internal Medicine/Endocrinology,
Northwest Clinics, Alkmaar, the Netherlands (S.S.); Department of Internal Medi-
cine/Endocrinology, Amsterdam UMC, VU University Medical Center, the Neth-
erlands (S.S); Department of Intensive Care Medicine, Jeroen Bosch Zieken-
huis, the Netherlands (C.P.C.d.J.); Department of Pharmacology and Toxicology,
Radboud university medical center, Radboud Institute for Health Sciences, the
Netherlands (P.S.); Department of Internal Medicine, Alrijne Hospital, Leiderdorp,
the Netherlands (M.v.d.F); Life Sciences TNO, Leiden, the Netherlands (G.J.B.);
and IQVIA, Amsterdam, the Netherlands (C.W, M.N.).

Sources of Funding
None.

Disclosures
None.

REFERENCES

1. Esler M, Esler D. Can angiotensin receptor-blocking drugs perhaps be
harmful in the COVID-19 pandemic? J Hypertens. 2020;38:781-782. doi:
10.1097/HJH.0000000000002450

2. Diaz JH. Hypothesis: angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers may increase the risk of severe COVID-19. J Travel
Med. 2020;27:taaa04 1. doi: 10.1093/jtm/taaa04 1

3. Gao C, Cai Y, Zhang K, Zhou L, Zhang Y, Zhang X, Li Q, Li W, Yang S,
Zhao X, et al. Association of hypertension and antihypertensive treatment
with COVID-19 mortality: a retrospective observational study. Eur Heart J.
2020;41:2058-2066. doi: 10.1093/eurheartj/ehaa433

4. Chen R, Liang W, Jiang M, Guan W, Zhan C, Wang T, Tang C, Sang L,
Liu J, Ni Z, et al; Medical Treatment Expert Group for COVID-19. Risk fac-
tors of fatal outcome in hospitalized subjects with coronavirus disease
2019 from a Nationwide analysis in China. Chest. 2020;158:97-105. doi:
10.1016/j.chest.2020.04.010

5. Hoffmann M, Kleine-Weber H, Schroeder S, Kriger N, Herrler T, Erichsen S,
Schiergens TS, Herrler G, Wu NH, Nitsche A, et al. SARS-CoV-2 cell entry
depends on ACE2 and TMPRSS2 and is blocked by a clinically proven prote-
ase inhibitor. Cell. 2020;181:271-280.e8. doi: 10.1016/j.cell 2020.02.052

6. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu V, Li B,
Huang CL, et al. A pneumonia outbreak associated with a new corona-
virus of probable bat origin. Nature. 2020;579:270-273. doi: 10.1038/
s415686-020-2012-7

7. Danser AHJ, Epstein M, Batlle D. Renin-angiotensin system blockers and
the COVID-19 pandemic: at present there is no evidence to abandon renin-
angiotensin system blockers. Hypertension. 2020;75:1382-1385. doi:
10.1161/HYPERTENSIONAHA.120.15082

8. Paz Ocaranza M, Riquelme JA, Garcia L, Jalil JE, Chiong M, Santos RAS,
Lavandero S. Counter-regulatory renin—angiotensin system in cardiovascu-
lar disease. Nat Rev Cardiol. 2020;17:116—129.

9. Shen L, Mo H, Cai L, Kong T, Zheng W, Ye J, Qi J, Xiao Z. Losartan prevents
sepsis-induced acute lung injury and decreases activation of nuclear factor
kappaB and mitogen-activated protein kinases. Shock. 2009;31:500-506.
doi: 10.1097/SHK.0b013e318189017a

10. Lee MMY, Docherty KF, Sattar N, Mehta N, Kalra A, Nowacki AS, Solomon SD,
Vaduganathan M, Petrie MC, Jhund PS, et al. Renin-angiotensin system

Hypertension. 2021;78:165-173. DOI: 10.1161/HYPERTENSIONAHA.121.17328



120z ‘9T aunc uo Aq Blio'sfeuinofeye;/:dny woly papeojumod

Singh et al

Hypertension. 2021;78:166-173. DOI: 10.1161/HYPERTENSIONAHA.121.17328

blockers, risk of SARS-CoV-2 infection and outcomes fromCoViD-19: sys-
tematic review and meta-analysis. Eur Heart J Cardiovasc Pharmacother.
2020:pvaal38. doi: 10.1093/ehjcvp/pvaal38.

. Lam KW, Chow KW, Vo J, Hou W, Li H, Richman PS, Mallipattu SK,

Skopicki HA, Singer AJ, Duong TQ. Continued in-hospital angiotensin-con-
verting enzyme inhibitor and angiotensin Il receptor blocker use in hyperten-
sive COVID-19 patients is associated with positive clinical outcome. J Infect
Dis. 2020,222:1256-1264. doi: 10.1093/infdis/jiaa447

. Cannata F, Chiarito M, Reimers B, Azzolini E, Ferrante G, My |, Viggiani G,

Panico C, Regazzoli D, Ciccarelli M, et al. Continuation versus discontinu-
ation of ACE inhibitors or angiotensin Il receptor blockers in COVID-19:
effects on blood pressure control and mortality. Eur Heart J Cardiovasc Phar-
macother. 2020;6:412-414.

. Soleimani A, Kazemian S, Karbalai Saleh S, Aminorroaya A, Shajari Z,

Hadadi A, Talebpour M, Sadeghian H, Payandemehr P, Sotoodehnia M,
et al. Effects of angiotensin receptor blockers (ARBs) on in-hospital
outcomes of patients with hypertension and confirmed or clinically
suspected COVID-19. Am J Hypertens. 2020;33:1102-1111. doi:
10.1093/ajh/hpaal149

. Lahens A, Mullaert J, Gressens S, Gault N, Flamant M, Deconinck L, Joly V,

Yazdanpanah Y, Lescure FX, Vidal-Petiot E. Association between renin-
angiotensin-aldosterone system blockers and outcome in coronavirus
disease 2019: analysing in-hospital exposure generates a biased seem-
ingly protective effect of treatment. J Hypertens. 2021;39:367-375. doi:
10.1097/HJH.0000000000002658

. Singh S, Widrich C, Nap M, Schokker E, Zwinderman AH, Pinto-Sietsma SJ.

Antihypertensives and their relation to mortality by SARS-CoV-2 infection. J
Med Virol. 2021;93:2467-2475. doi: 10.1002/jmv.26775

. van Laar SA, Gombert-Handoko KB, Guchelaar HJ, Zwaveling J. An

electronic health record text mining tool to collect real-world drug treat-
ment outcomes: a validation study in patients with metastatic renal cell
carcinoma. Clin Pharmacol Ther. 2020;108:644-652. doi: 10.1002/
cpt.1966

. Vanderheyden PM, Verheijen |, Fierens FL, Backer JF, Vauquelin G. Binding

characteristics of [(3)H]-irbesartan to human recombinant angiotensin type
1 receptors. J Renin Angiotensin Aldosterone Syst. 2000;1:159—-165. doi:
10.3317/jraas.2000.020

. Rothlin RP, Vetulli HM, Duarte M, Pelorosso FG. Telmisartan as tentative

angiotensin receptor blocker therapeutic for COVID-19. Drug Dev Res.
2020,81:768-770. doi: 10.1002/ddr.21679

20.

21.

22.

23.

24,

26.

26.

27.

Discontinuation of antihypertensive in SARS-CoV-2

. Oparil S. Newly emerging pharmacologic differences in angiotensin Il recep-

tor blockers. Am J Hypertens. 2000;13(1 Pt 2):185-24S. doi: 10.1016/
s0895-7061(99)00250-2

Yan Y, Liu Q, Li N, Du J, Li X, Li C, Jin N, Jiang C. Angiotensin Il receptor
blocker as a novel therapy in acute lung injury induced by avian influenza A
HBN1 virus infection in mouse. Sci China Life Sci. 2015;58:208-211. doi:
10.1007/s11427-015-4814-7

Imai Y, Kuba K, Rao S, Huan Y, Guo F, Guan B, Yang P, Sarao R, Wada T,
Leong-Poi H, et al. Angiotensin-converting enzyme 2 protects from severe
acute lung failure. Nature. 2005;436:112-116. doi: 10.1038/nature03712
Sarzani R, Giulietti F; Di Pentima C, Giordano P, Spannella F. Disequilib-
rium between the classic renin-angiotensin system and its opposing arm
in SARS-CoV-2-related lung injury. Am J Physiol Lung Cell Mol Physiol.
2020;319:L325-1.336. doi: 10.1152/ajplung.00189.2020

Offringa A, Montijn R, Singh S, Paul M, Pinto YM, Pinto-Sietsma® SJ.
The mechanistic overview of SARS-CoV-2 using angiotensin-converting
enzyme 2 to enter the cell for replication: possible treatment options related
to the renin—angiotensin system. Eur Heart J Cardiovasc Pharmacother.
2020;6:317-325.

Mehta N, Kalra A, Nowacki AS, Anjewierden S, Han Z, Bhat F, Carmona-
Rubio AE, Jacob M, Procop GW, Harrington S, et al. Association of use of
angiotensin-converting enzyme inhibitors and angiotensin Il receptor blockers
with testing positive for coronavirus disease 2019 (COVID-19). JAMA Car-
diol. 2020;5:1020-1026. doi: 10.1001/jamacardio.2020.1855

Chang TS, Ding Y, Freund MK, Johnson R, Schwarz T, Yabu JM, Hazlett C,
Chiang JN, Wulf A, Geschwind DH, et al. Prior diagnoses and medications
as risk factors for COVID-19 in a Los Angeles Health System. medRxiv.
2020:2020.07.03.20145581. doi: 10.1101/2020.07.03.20145581
Hakeam HA, Alsemari M, Al Duhailib Z, Ghonem L, Alharbi SA, Aimutairy E,
Bin Sheraim NM, Alsalhi M, Alhijji A, AlQahtani S, et al. Association of angio-
tensin-converting enzyme inhibitors and angiotensin Il blockers with severity
of COVID-19: a multicenter, prospective study. J Cardiovasc Pharmacol Ther.
2020;26:244-252.

Lopes RD, Macedo AVS, de Barros E Siva PGM, Moll-
Bernardes RJ, Dos Santos TM, Mazza L, Feldman A, DAndréa Saba Arruda G,
de Albuquerque DC, Camiletti AS, et al; BRACE CORONA Investigators.
Effect of discontinuing vs continuing angiotensin-converting enzyme inhibi-
tors and angiotensin Il receptor blockers on days alive and out of the hos-
pital in patients admitted with COVID-19: a randomized clinical trial. JAMA.
2021;325:254-264. doi: 10.1001/jama.2020.25864

July 2021 173




DATA SUPPLEMENT:
Discontinuation of antihypertensive medications on the outcome of hospitalized SARS-CoV-2 patients
Short Title: antihypertensive discontinuation and SARS-CoV-2

Sandeep Singh'2 MBBS, Annette K. Offringa-Hup MD?, Susan J. J. Logtenberg* MD PhD, Paul D. Van der Linden®, Wilbert M.T.
Janssen®, Hubertina Klein’, Femke Waanders® MD PhD, Suat Simsek® MD PhD, Cornelis PC de Jager'® MD PhD, Paul Smits*!, Machteld
van der Feltz MD*?, Gerrit Jan Beumer PhD?3, Christine Widrich®*, Martijn Nap'*, Sara-Joan Pinto-Sietsma®? MD PhD

!Department of Clinical Epidemiology, Biostatistics and Bioinformatics, Amsterdam UMC, Academic Medical Center Amsterdam,
Amsterdam, The Netherlands

2Department of Vascular Medicine, Amsterdam UMC, Academic Medical Center Amsterdam, Amsterdam, The Netherlands
3Microbiology and System Biology, Netherlands Organization for Applied Scientific Research, The Hague, The Netherlands
*Department of Internal Medicine, Diakonessenhuis, Utrecht, The Netherlands

Department of Clinical Pharmacy, Tergooi, The Netherlands

Department of Internal Medicine, Martini Hospital, The Netherlands

"Department of Internal Medicine, Slingeland Hospital, Doetinchem, The Netherlands

8 Department of Internal Medicine, Isala, Zwolle, The Netherlands

®Department of Internal Medicine/Endocrinology, Northwest Clinics, Alkmaar, The Netherlands, and Department of Internal
Medicine/Endocrinology, Amsterdam UMC, VU University Medical Center, Amsterdam, The Netherlands

Ypepartment of Intensive Care Medicine, Jeroen Bosch Ziekenhuis, The Netherlands

UDepartment of Pharmacology and Toxicology, Radboud university medical center, Radboud Institute for Health Sciences, The
Netherlands



12Department of Internal Medicine, Alrijne Hospital, Leiderdorp, The Netherlands
13ife Sciences TNO, Leiden, The Netherlands

¥41QVIA, Amsterdam, The Netherlands



Supplement Methods

Study design and Data collection

In this retrospective cohort study, data on SARS-CoV-2 related hospitalization was collected from 10 participating hospitals in the
Netherlands. Baseline characteristics, medication use, comorbidities and outcomes were extracted from the Electronic Health Records
(EHR), by a Natural language processing and text mining-based tool validated in previous study 1. EHR were searched using Clinical
Data Collector (CDC; CTcue B.V., Amsterdam, The Netherlands) CDC is a Natural language processing (NLP) and text mining-based
tool that gathers data from EHR using relevant search teams and creates a data set that has been utilized and validated in previously
published studies 1’. The search queries were designed by two of the principal investigators of this study. Ethical approval was waived
due to the seriousness of the pandemic the world was facing at the time of data collection.

Study population

Patients admitted to the hospital were included in the study if they were 18 years or older and were diagnosed with SARS-CoV-2. Data
on co-morbidities such as hypertension, diabetes, coronary artery disease and heart failure in the general population were obtained from
the Dutch bureau of statistics (StatLine database Dutch Bureau of Statistics 2018). To compare the use of antihypertensive medication
between patients hospitalized with a SARS-CoV-2 infection and the general population personalized prescription data from IQVIA
Netherlands was used . SARS-CoV-2 infection diagnosis was based on positive reverse-transcriptase (PCR) for SARS-CoV-2 (87.14%).
If this was not available, a CORAD score > 4 on chest computed tomography scan was used (8.17%) . Only in a minority of cases the
diagnosis code for COVID-19 was used (4.67%). IQVIA (MIDAS) personalized sales database is a nationally representative,
retrospective, prescription-based database, obtained from IQVIA’s Real-World Data Longitudinal Prescription database (LRX,
Amsterdam, The Netherlands). The database contains anonymous patient prescription records, including patient (e.g., age, gender),
dispensing (e.g., pharmacy, prescription date), medication (e.g., name, dose, strength, therapy duration), and prescriber information. For
this study, dispensed prescriptions of ARBs, ACEi beta blockers, calcium channel blockers and diuretics prescribed by cardiologists,
general practitioners, internists and other prescribers were selected. In total, the database provides a coverage of approximately 70% of
all prescriptions dispensed in The Netherlands, represented by both retail pharmacies and dispensing general practitioners. Data was
available from the time period of January 2019 — December 2019.

Definitions and Study outcome

Patients were classified according to the severity of disease in three groups: mild disease, severe disease or death. Patients with normal
arterial oxygen partial pressure (pO2>80 mmHg) at admission and no admission to the ICU or death during hospitalization, were
classified as having mild disease. Severe disease was defined as either a low pO2 (pO2<80 mmHg) at admission or ICU admission
during hospitalization. The final group consists of the patients that died of Sars-CoV-2. Unfortunately, our database did not provide in



many of the variables needed for this standardized definition according to the WHO classification of severity
(https://www.who.int/blueprint/priority-diseases/key-action/COVID-

19 Treatment Trial Design_Master Protocol synopsis_Final_18022020.pdf page 6). Therefore, we tried to define severity of disease
in the most conservative way, with the variables that were at our disposal. We reasoned that the pO2 level at admission could serve as a
logical proxy of severity of disease and this was available in around 97% of the patients in our cohort. Therefore patients with a normal
pO2 level at admission were categorized as mild disease, although they could worsen to severe disease over the course of hospitalization,
hereby misclassifying them as mild disease, which would only have weakened our results. On the other hand, these mild disease
individuals were not allowed to be admitted to the ICU or die during the course of hospitalization. Besides, individuals that died or were
admitted to the ICU, during the course of hospitalization, should clearly be regarded of as individuals with the most severe or severe
disease, independent of their admission state. Meaning that individuals classified as severe disease due to the fact that they were admitted
to the ICU during the course of hospitalization, were not allowed to die, so they would never classify as the most severe diseased.

Patients using any of the five antihypertensive medication groups, irrespective of the underlying disease it was prescribed for, were
classified as “antihypertensive users”. Data of the five most important antihypertensive medications, that is, ACEi, ARBs , beta blockers
(BB), calcium channel blockers (CCB), and diuretics, either used at-home or during hospitalization were gathered. Information on when
and for what reason medication was discontinued during hospitalization was not available. We also defined which ARB had a higher or
lower receptor affinity, taking into account the differences in terms of receptor binding kinetics, pharmacodynamics as well as
pharmacokinetic properties 82°, We classified telmisartan and irbesartan as high affinity ARBs and the rest as low affinity ARBs as they
have very high liposolubility of around 500 Liters and 93 Liters respectively. Besides, telmisartan has the longest half-life of around 24
hours and dissociation half-lifes of 213 minutes (mins). For irbesartan, the next high affinity ARB, this was 20 hours and 7 mins . In
addition, these ARBs show insurmountable antagonism for AT1 receptor with the highest AT1 receptor affinity. In comparison losartan,
valsartan, candesartan and olmesartan have a liposolubility of 17 Liters for each. Furthermore, losartan possesses a half-life of only 2
hours followed by 6 hours for valsartan and 9-12 hours candesartan. In addition, dissociation half-lives for losartan, and valsartan are
only 67 and 70 mins while for candesartan and olmesartan are 133 and 166 mins, respectively ** 20, Furthermore, losartan also has a
significant first-pass-effect, in which active (14%) and inactive metabolites are being formed by CyP2C9.

Missing data

Patients of whom data on antihypertensive medication use either at-home or in-hospital, as well as data on outcome, (ICU admission or
death), were missing, were excluded from the database (n = 705). Missing data on baseline characteristics were imputed using multiple
imputation method, with 5 imputed data sets with automatic imputation method. Data on pO2 was measured in n=1206 (96.71%)
individuals on the day of admission or at presentation at the hospital. Data on pO2 and day on which pO2 was measured was also
collected. Data on pO2 was missing for 335 (21.14%) individuals and for 337 (21.27%) individuals the day at which pO2 was measured
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was missing. If pO2 values were not available, we assumed that patients had a mild clinical presentation and a normal peripheral oxygen
saturation at the time of presentation. For these 335 individuals pO2 levels were considered to be normal, that is 80 mmHg or higher.

Statistical analysis

All analyses were performed using SPSS version 26.0 (SPSS Inc., Chicago, Illinois). Results were reported as mean + standard deviation
(SD) for continuous variables and number and percentage (%) for categorical data, except when indicated otherwise. Baseline
characteristics were compared using Fisher’s exact test. We conducted three analyses: first, we analyzed the proportions of
antihypertensive medication use in all hospitalized patients on the severity of SARS-CoV-2 infection as compared to the general
population. Second, we analyzed the impact of discontinuation of antihypertensive medication during hospitalization on the severity of
SARS-CoV-2 infection. Finally, we analysed the effect of discontinuing higher or lower affinity ARBs on severity of SARS-CoV-2
disease. The final model was corrected for sex, age and Modified early warning score. The model with outcome death was additionally
adjusted for pO2 at admission. For the first and second analysis we used two logistic regression models, on antihypertensive users alone.
The first, to analyze the association between at-home antihypertensive medication use and severity of disease and the second to analyze
discontinuation of antihypertensive medications during the course of hospitalization and severity of disease. For both models, for disease
severity and death, mild disease was taken as the reference group*”. Both models were corrected for the following possible confounders:
“age” and “sex”, the Modified Early Warning Score (MEWS), to represent severity of disease during hospitalization (Model I11), the
number of antihypertensive medications a patient was taking and the different co-morbidities (hypertension, diabetes, heart failure and
coronary artery disease). Regression models were designed as: Model I: Univariate: Model 11: Age and sex corrected; Model I11: Age,
sex and MEWS corrected: Model IV: Age, sex, and the number of antihypertensive medications a patient was using; Model V: Age, sex
and corrected for comorbidities. A p-value < 0.05 was considered statistically significant.
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Supplement tables:

Table S1: Association of discontinuing at-home antihypertensive medications with outcome in patients on antihypertensive medication

hospitalized for SARS-CoV-2
Model

Discontinued medication Angiotensin
receptor blockers

Mild disease -

Severe disease
Model | 0.77 (0.31-1.93)
Model Il 0.76 (0.30-1.91)
Model 111 0.77 (0.31-1.95)
Model IV 0.65 (0.24-1.74)
Model V 0.72 (0.28-1.86)

Death
Model | 2.29 (0.81-6.50)
Model Il 3.30 (1.06-10.26)*
Model 111 3.32 (1.06-10.42)*
Model IV 3.56 (1.11-11.41)*
Model V 3.46 (1.00-11.96)*

ACE inhibitors

0.74 (0.30-1.82)
0.67 (0.26-1.73)
0.69 (0.26-1.88)
0.67 (0.23-1.98)
0.71 (0.27-1.90)

2.02 (0.89-4.58)
1.93 (0.81-4.58)
1.89 (0.77-4.60)
1.94 (0.79-4.75)
1.90 (0.79-4.55)

B (95% CI)

Beta blockers

0.74 (0.13-4.19)
0.52 (0.08-3.26)
0.52 (0.08-3.42)
0.48 (0.07-3.16)
0.44 (0.07-2.85)

3.06 (0.77-12.22)
3.41 (0.79-14.69)
3.47 (0.75-16.12)
3.16 (0.71-13.99)
3.92 (0.84-18.17)

Calcium channel

blockers

0.77 (0.26-2.23)
0.65 (0.21-1.94)
0.62 (0.20-1.91)
0.67 (0.20-2.20)
0.65 (0.22-1.95)

1.19 (0.46-3.08)
1.22 (0.46-3.27)
1.14 (0.38-3.42)
1.27 (0.46-3.49)
1.21 (0.44-3.34)

Diuretics

0.90 (0.43-1.88)
0.81 (0.38-1.72)
0.86 (0.40-1.86)
0.75 (0.35-1.63)
0.76 (0.35-1.63)

0.85 (0.38-1.88)
1.03 (0.44-2.39)
1.06 (0.43-2.59)
1.06 (0.45-2.48)
1.07 (0.46-2.53)

Model I Univariate; model 11: adjusted for age and sex; model 111: model 11+ Adjusted for MEWS; Model IVV: model 11+ Adjusted for number
of antihypertensive medication at home; Model V: Model 11+ adjusted for comorbidities (hypertension, diabetes, heart failure and coronary
artery disease); MEWS: Modified early warning score; *p<0.05



Table S2: High versus low affinity ARB distribution in SARS-CoV-2 hospitalized individuals with mild or severe disease and
whom died

Characteristic Mild Severe Death
(75) (110) (56)
Low affinity ARB, n (%) 53 (70.67) 84 (76.36) 42 (75.0)

High affinity ARB, n (%) 22 (29.33) 26 (23.64) 14 (25.0)





