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Abstract

Introduction: Use of certain antihypertensive medications
has been an area of interest during the COVID-19 pandemic,
and several hypotheses have been developed regarding the
effects of renin-angiotensin system blockers as well as cal-
cium channel blockers in those infected with COVID-19. We
seek to determine the association between exposure to
ACEI, ARB, and CCB and outcomes in those admitted to the
hospital with COVID-19 infection. Methods: This retrospec-
tive cohort study included 841 adult patients hospitalized
with COVID-19 infection at the University of Chicago Medical
Center between March 25 and June 22, 2020. Out of these
841,453 patients had a personal history of hypertension. For
the first part, we evaluated primary outcomes of in-hospital
mortality and ICU admission in hospitalized COVID-19 pa-
tients based on their exposure to particular medications re-
gardless of a personal history of hypertension and compared
them with those who were not on these medications. For the
second part, we evaluated the aforementioned outcomes in

453 patients with a personal history of hypertension based
on their medication exposure. Secondary outcomes of
length of stay, readmission rate, and new-onset dialysis re-
quirement were also compared across the study groups. Re-
sults: Out of 841 patients, 111 (13.19%) were on ACEI/ARB
(medianage:66.1,SD 15.4;52.25% females) and 730 (86.80%)
were not on them (median age: 56.6, SD 20.3; 50.14% fe-
males), while 277 (32.93%) used CCB (median age: 64.6, SD
15.2;57.04% females) and 564 (67.06%) did not use CCB (me-
dian age: 54.6, SD 21.2; 47.16% females). After adjusting for
demographics and covariates, neither ACEI/ARB nor CCB ex-
posure was associated with any effect on mortality, but ACEI/
ARB exposure was associated with 42% reduction in risk of
ICU admissions (OR 0.58, 95% CI [0.35, 0.95], p value 0.03). In
addition, combined use of ACEI/ARB and CCB was associated
with statistically significant (45%) reduction in ICU admis-
sion (OR 0.55, 95% CI [0.32, 0.94], p value 0.029). Out of 453
patients with a personal history of hypertension, 85 (18.76%)
were taking ACEI/ARB (median age 65, SD 15.6; 56.47% fe-
males) and 368 (81.24%) were not on ACEI/ARB (median age
62.8,SD 16.4;54.89% females), while 208 (45.92%) out of 453
were on CCB (median age 65; SD 14.8; 60.1% females) and
245 (54.08%) were not on CCB (median age 61.7, SD 17.3;
51.02% females). In the fully adjusted model in this group,
ACEIl use was associated with 71% reduction in in-house
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mortality (OR 0.29, 95% CI [0.09, 0.93], p value 0.03). Discus-
sion/Conclusion: Among all hospitalized patients with CO-
VID-19 infection, exposure to ACEI/ARB, as well as combined
exposure to ACEI/ARB and CCB, were associated with re-
duced incidence of ICU admissions. In those admitted pa-
tients who had a personal history of hypertension, there was
a trend towards reduced in-hospital mortality in those ex-

posed to ACEL. ©2021 S. Karger AG, Basel

Introduction

Since the outbreak of COVID-19 infections in Hubei
Province of China in December 2019, the novel corona-
virus (SARS-CoV-2) has spread rapidly across the globe.
It has affected >90 million people around the world and
has been responsible for >2 million deaths till date [1]. As
the disease is still relatively novel, data regarding the im-
pact of underlying comorbidities and roles of chronic
medical problems on the severity of COVID-19 infection
are still emerging.

Age >65 years has been deemed as one of the important
risk factors for severe COVID-19 infection [2]. Apart from
age, certain underlying chronic medical conditions including
cardiovascular diseases, chronic lung diseases, malignancies,
and immunocompromised states appear to play an impor-
tant role not only in increasing susceptibility to COVID-19
infections but also in affecting prognosis of these patients [3].
Hypertension is one of the most common comorbidities not-
ed in adult population affected with COVID-19, and reports
of patients with hypertension who tend to suffer poorer out-
comes compared to those without hypertension have circu-
lated since the beginning of the pandemic [4]. In line with
aforementioned findings and based on certain experimental
animal models, various hypotheses have been generated, and
studies have been conducted evaluating safety of chronic ex-
posure to certain cardiovascular medications in relation to
COVID-19 infections.

This has been especially true for angiotensin-convert-
ing enzyme inhibitors (ACEI) and angiotensin receptor
blockers (ARB) and lately has also involved calcium chan-
nel blockers (CCB) in those affected with COVID-19.
ACEI, ARB, and CCB are some of the most commonly
used antihypertensive medications. Apart from hyper-
tension, ACEI and ARB are also associated with reduced
morbidity and mortality in treatment of congestive heart
failure, coronary artery disease, and CKD.

ACE-2 receptor has been identified as one of the major
receptors of entry for SARS-CoV-2 [5], and based on ex-
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perimental animal models suggesting ACEI/ARB upreg-
ulates ACE-2 in cell membranes [6-8], hypotheses had
been generated that these medications may promote in-
creased SARS-CoV-2 entry into cells and an increased
risk for severe COVID-19 infection [9]. However, previ-
ous studies assessing the effects of ACEI/ARB on ACE-2
expression were not particularly done in lung tissue which
is the presumed source of SARS-CoV-2 infection. A re-
cent study by Wysocki et al. [10] showed no effect of
ACEI and ARB administration in lung tissue ACE-2 ex-
pression. But, due to the importance of ACEI and ARB in
routine clinical practice, articles have been published
elaborating on the hypothesis of severe COVID-19 infec-
tion in those exposed to these medications [11-15], and
several studies have been conducted to assess the true as-
sociation. None of these have shown an increased risk of
mortality or ICU admission in relation to ACEI/ARB
[16-28]. Moreover, some favorable outcomes have been
reported in a subset of these studies [20, 26-28]. But, the
majority of these studies have been conducted either in
the predominant Caucasian population or in the Chinese
population. Only 1 small study reported had predomi-
nant African American population, and it showed no as-
sociation of outcomes related to ACEI or ARB use [19].

In the interim, interest has also started developing in
terms of CCB use in patients infected with COVID-19. It
has been established that the calcium ion is essential for
viral entry, viral gene replication, and virion maturation
and release in certain viruses [29, 30]. Navarese et al. [30]
suggested that calcium plays an active role in inducing
viral membrane fusion by altering the fusion peptide’s
structure and promotes infection in MERS-CoV, SARS-
CoV, and SARS-CoV-2. In lieu of these, a few observa-
tional studies have been conducted which have reported
potentially improved mortality and decrease in severity
of COVID-19 infection with respect to CCB use [28, 31-
33]. But, the studies were either highly underpowered or
included predominantly Asian or Caucasian population.

Essential hypertension is much more common in the
African American population compared to other ethnic
groups, and COVID-19 has affected the aforementioned
group much more severely compared to others [34, 35].
Therefore, here, we aimed to evaluate the outcomes in
hospitalized COVID-19 patients at the University of Chi-
cago Medical Center in relation to the baseline use of
ACEI ARB, and CCB where the patient subgroup is pre-
dominantly composed of the African American patients.
Moreover, we analyzed outcomes based on the combined
exposure to ACEI/ARB and CCB use, which from our re-
view of the literature has not been studied so far.
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Table 1. Baseline characteristics of hospitalized COVID-19 patients with respect to medications exposure

Full % ACEI/ARB % No % pvalue CCB % No CCB % p value
sample ACEI/ARB

N 841 111 13.19 730 86.80 277 3293 564 67.06
Age, mean (SD) 57.9 (20) 66.1 (15.4) 56.6 (20.3) <0.001  64.6(15.2) 54.6 (21.2) <0.001

<50 256 30.44 14 12.61 242 33.15 45 16.25 211 37.41

50-65 244 29.01 34 30.63 210 28.77 83 29.96 161 28.55

>65 341 40.55 63 56.76 278 38.08 149 53.79 192 34.04
Female 424 50.42 58 52.25 366 50.14 0.685 158 57.04 266 47.16  0.008
Race

Black 707 84.07 94 84.68 613 83.97 0.142 238 85.92 469 83.16  0.047

White 53 6.3 10 9.01 43 5.89 22 7.94 31 5.5

Others 51 6.06 3 2.7 48 6.58 10 3.61 41 7.27

Unknown 30 3.57 3.6 26 3.56 7 2.53 23 4.08
Ethnicity

Hispanic or Latino 53 6.3 4 3.6 49 6.71 0.293 9 3.25 44 7.8 0.01

Not Hispanic or Latino 763 90.73 104 93.69 659 90.27 264 95.31 499 88.48

Unknown 25 2.97 3 2.7 22 3.01 4 1.44 21 3.72
Hypertension 453 53.86 85 76.58 368 50.41 <0.001 208 75.09 245 43.44 <0.001
CAD 184 21.88 34 30.63 150 20.55 0.019 95 34.3 59 15.78 <0.001
CHF 219 26.04 53 47.75 166 22.74 <0.001 116 41.88 103 18.26  <0.001
Diabetes 348 41.38 67 60.36 281 3849 <0.001 146 52.71 202 35.82 <0.001
Stroke 23 2.73 9 8.11 14 1.92 0.001 15 5.42 8 1.42  0.001
AFib 103 12.25 31 27.93 72 9.86 <0.001 62 22.38 41 7.27 <0.001
PVD 36 4.28 6 5.41 30 4.11 0.459 25 9.03 11 1.95 <0.001
CKD 209 24.85 40 36.04 169 23.15 0.005 104 37.55 105 18.62 <0.001
ESRD 61 7.25 8 7.21 53 7.26 1 31 11.19 30 532  0.003
Cancer 91 10.82 19 17.12 72 9.86 0.032 47 16.97 44 7.8 <0.001
Obesity 321 38.17 49 44.14 272 3726 0.174 124 4477 197 3493 0.007
Morbid obesity 127 15.1 16 14.41 111 15.21 0.888 46 16.61 81 14.36  0.413
Associated medication use

Beta blocker 109 12.96 51 45.95 58 7.95 <0.001 109 39.35 0 0 <0.001

Loop diuretic 66 7.85 21 18.92 45 6.16  <0.001 66 23.83 0 0 <0.001

Spironolactone 29 3.45 9 8.11 20 2.74 0.009 29 10.47 0 0 <0.001

Thiazide/thiazide-like 60 7.13 30 27.03 30 4.11 <0.001 60 21.66 0 0 <0.001

diuretic

Other antihypertensives 31 3.69 14 12.61 17 233 <0.001 31 11.19 0 0 <0.001

Statin 120 14.27 55 49.55 65 89 <0.001 120 43.32 0 0 <0.001

ACEL angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.

Methods

Study Design and Participants

This retrospective cohort study included 841 patients with
COVID-19 infection admitted to the University of Chicago
Medical Center, Chicago, IL, USA. The study protocol was ap-
proved by the Institutional Review Board (IRB) Committee, and
patient informed consent was waived by the IRB. COVID-19
diagnosis was determined by testing positive for the CDC 2019
novel coronavirus (2019-nCoV) real-time reverse transcription-
polymerase chain reaction (RT-PCR) diagnostic panel detecting
SARS-CoV-2 virus on nasopharyngeal swab/upper respiratory
tract.

All adult patients aged 18 years and above who were hospital-
ized at the University of Chicago Medical Center with COVID-19

COVID-19 Outcomes in RAS Blockers
and Calcium Channel Blockers

infection (as determined by positive SARS-CoV-2 testing) be-
tween March 15 and June 22, 2020, were included. Those whose
medication history was not available were excluded.

Data Collection

Once IRB approval was obtained, electronic health records data
within 1 year prior to COVID-19 testing were collected on all nec-
essary variables. Data were collected on patient demographic in-
formation (age, gender, and race/ethnicity), diagnosis, and comor-
bidities (hypertension, diabetes mellitus, coronary artery disease,
congestive heart failure, CKD stage 1-4, CKD stage 5/end-stage
renal disease, cerebrovascular diseases [stroke/transient ischemic
attacks], congestive heart failure, obesity, morbid obesity, atrial
fibrillation, peripheral vascular diseases, and cancer). In addition,
information on appropriate laboratory data, clinical data (vital
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Table 2. Baseline characteristics of hospitalized COVID-19 patients with a personal history of hypertension with regard to medication

exposure
Full % ACEI/ARB % No % pvalue CCB % NoCCB % p value
sample ACEI/ARB
N 453 85 368 208 245
Age 63.2 (16.3) 65.0 (15.6) 62.8 (16.4) 0.326  65.0 (14.8) 61.7 (17.3) 0.049
<50 85 18.76 11 12.94 74 20.11 31 149 54 22.04
50-65 14 34 31 36.47 123 33.42 67 3221 87 35.51
=65 214 47.24 43 50.59 171 46.47 110 52.88 104 42.45
Female 250 55.19 48 56.47 202 54.89 081 125 60.1 125 51.02  0.058
Race
Black 399 88.08 72 84.71 327 88.86  0.334 185 88.94 214 8735 1
White 27 5.96 8 9.41 19 5.16 12 577 15 6.12
Others 18 3.97 3 3.53 15 4.08 8 3.85 10 4.08
Unknown 9 1.99 2 2.35 7 1.9 3 144 6 2.45
Ethnicity
Hispanic or Latino 19 4.19 4 4.71 15 4.08  0.768 7 337 12 49 0483
Not Hispanic or Latino 424 93.6 80 94.12 344 93.48 199 95.67 225 91.84
Unknown 10 221 1 1.18 9 2.45 2 096 8 3.27
Hypertension
CAD 123 27.15 23 27.06 100 27.17 1 71 3413 52 21.22 0.003
HF 116 25.61 34 40 82 2228  0.001 76 36.54 40 16.33  <0.001
Diabetes 221 48.79 54 63.53 167 4538  0.003 115 55.29 106 43.27  0.011
Stroke 13 2.87 6 7.06 7 1.9  0.021 8 385 5 2.04 0273
AFib 62 13.69 20 23.53 42 11.41 0.008 42 20.19 20 8.16 <0.001
PVD 27 5.96 5 5.88 22 5.98 1 20 9.62 7 2.86  0.003
CKD 121 26.71 28 32.94 93 2527  0.174 79 37.98 42 17.14 <0.001
ESRD 34 7.51 5 5.88 29 7.88  0.652 21 10.1 13 531 0.072
Cancer 67 14.79 16 18.82 51 13.86  0.24 39 18.75 28 11.43  0.034
Obesity 194 42.83 41 4824 153 41.58  0.276 97 46.63 97 39.59  0.153
Morbid obesity 80 17.66 15 17.65 65 17.66 1 35 16.83 45 18.37  0.712
Associated medication use
Beta blocker 80 17.66 35 41.18 45 12.23  <0.001 80 3846 0 0 <0.001
Loop diuretic 46 10.15 16 18.82 30 8.15  0.008 46 22012 0 0 <0.001
Spironolactone 23 5.08 7 8.24 16 4.35 0.167 23 11.06 0 0 <0.001
Thiazide/thiazide-like 53 11.7 25 29.41 28 7.61  <0.001 53 2548 0 0 <0.001
diuretic
Other antihypertensives 25 5.52 12 14.12 13 3.53 0.001 25 12.02 0 0 <0.001
Statin 88 19.43 39 45.88 49 13.32  <0.001 88 4231 0 0 <0.001

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.

signs, use of noninvasive positive pressure ventilation, mechanical
ventilator use, and new-onset hemodialysis requirement), and
clinical outcomes and data on all associated medication use (ACEI,
ARB, CCB, beta blockers, loop diuretics, spironolactone, thiazide/
thiazide-like diuretics, other antihypertensive medications, and
statins) were collected.

Through our institutional EPIC electronic medical record sys-
tem, International Classification of Diseases (ICD)-9 and ICD-10
codes were pulled to construct comorbidity variables, and medica-
tions exposure from 14 days prior to admission date was obtained.
All personal health-identifying information was deidentified, and
data were extracted using an electronic coding system to maintain
confidentiality. The data extraction process was subtly analyzed by
experienced providers to yield precise results.
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Defining Exposure to Medications of Interest and Delineating

Outcomes

We had 3 main exposures of interest: ACEI, ARB, and CCB.
A complete list of different ACEI, ARB, and CCB used in the
USA was pulled to avoid missing any medications exposure. Sa-
cubitril-valsartan was categorized as an ARB. Medication expo-
sure was defined as having refill/s of prescription of these medi-
cations within the past year and active prescriptions of these
medications within the past 14 days of the date of admission.
Even if the medications of interest were being held during ad-
mission for any acute issues (hypotension, sepsis, acute kidney
injury, and inability to take oral medications), these patients
were still included based on their medication exposure as de-
fined above.
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The primary outcomes were to compare risk of in-hospital all-
cause mortality and ICU admission (as determined by mechanical
ventilation need, need for noninvasive positive pressure ventila-
tion, oxygen requirement >6 L, multiorgan failure syndrome, and
shock) in admitted COVID-19 patients with respect to exposure
to medications of interest versus in those who were not on these
medications. Secondary outcomes were comparing the length of
stay, 30-day readmissions, and risk of acute renal failure syn-
dromes needing new-onset dialysis across these groups.

Statistical Analysis

For statistical analysis, we used STATA MP16 statistical soft-
ware. In the first part of the study, patients were divided into sub-
groups based on their medication exposure regardless of indica-
tion for medication use. A total of 841 patients were included. For
baseline characteristics in these patients, groups were divided into
ACEI or ARB exposure versus those who were not on these medi-
cations. Similarly, the CCB exposure group was compared to those
who were not on any CCB (shown in Table 1).

For the second part of the study, only hospitalized COVID-19
patients with a history of hypertension were included. A total of 453
patients out of 841 were identified. Baseline characteristics were
compared in ACEI/ARB exposure in those with hypertension ver-
sus the non-ACEI/ARB group. Similarly, this was done for the CCB
exposure versus the non-CCB exposure group (shown in Table 2).

For both parts of the study, baseline patient characteristics are
summarized using mean and standard deviation for continuous
variables and as numbers and percentages for categorical variables.
Statistical differences between groups were analyzed using Fisher’s
exact test.

In both components of the study, analyses of outcomes were
compared across ACEI users versus nonusers, ARB users versus
nonusers, ACEI/ARB users versus nonusers, CCB users versus
nonusers, and ACEI/ARB and CCB users versus nonusers. For
comparison of different composite endpoints (in-hospital mortal-
ity and ICU admission), we used corresponding odds ratio for ex-
posed group versus unexposed group with respect to particular
medication/medications exposure, both unadjusted and adjusted.
Multivariate logistic regression was performed to adjust for age,
sex, race/ethnicity, comorbidities, and COVID-19 treatment (hy-
droxychloroquine, lopinavir, remdesivir, and tocilizumab) for an-
alyzing results of outcomes.

Results

As noted, we divided our retrospective cohort study
into 2 parts. For the first part, we evaluated outcomes of
hospitalized COVID-19 patients based on their exposure
to particular medications regardless of a personal history
of hypertension. A total of 841 hospitalized patients with
COVID-19 were included in this group: 111 (13.19%)
were on ACEI/ARB (ACEI users: 68, ARB users: 43) and
730 (86.80%) were not on them, while 277 (32.93%) used
CCB and 564 (67.06%) were not on CCB. Ninety-nine
patients (11.77%) were on both ACEI/ARB and CCB
(ACE inhibitor and CCB: 59 [7.01%]; ARB and CCB: 40

COVID-19 Outcomes in RAS Blockers
and Calcium Channel Blockers

[4.75%]). The first patient was included on March 15,
2020, and the last on June 22, 2020.

Baseline characteristics of the study groups are shown
in Table 1. Users of ACEI/ARB were older than nonusers
(mean age 66.1 [SD 15.4] years vs. mean age 56.6 [SD
20.3] years, p < 0.001), but the 2 groups were not signifi-
cantly different in terms of sex (p = 0.685) and race (p =
0.142). ACEI/ARB users were more likely to have comor-
bidities especially cardiovascular diseases; for example:
hypertension (76.6 vs. 50.4%, p < 0.001), coronary artery
disease (30.6 vs. 20.5%, p < 0.02), congestive heart failure
(47.7 vs. 22.7%, p < 0.001), diabetes (60.4 vs. 38.5%, p <
0.001), atrial fibrillation (27.9 vs. 9.9%, p < 0.001), and
stroke (8.1 vs. 1.9%, p < 0.001). Users of CCB were also
older than non-CCB users (mean age 64.6 [SD 15.2] years
vs. mean age 54.6 [SD 21.2] years, p < 0.001). CCB use was
somewhat higher among females (57.04 vs. 47.16%, p =
0.008). More than 80% patients were African American
in both groups. Among CCB users, except for morbid
obesity, all other comorbidities were significantly higher
as shown in Table 1.

In the second part of the study, we included only those
COVID-19 hospitalized patients who had a personal his-
tory of hypertension. A total of 453 patients were includ-
ed. Baseline characteristics of the study group are shown
in Table 2. Eighty five (18.76%) were on ACEI/ARB
(ACEI users: 68; ARB users: 43) and 368 (81.23%) were
not on them, while 208 (45.91%) used CCB and 245
(54.08%) were not on CCB. Seventy-three patients
(16.11%) were on both ACEI/ARB and CCB (ACE in-
hibitor and CCB: 42 [9.27%]; ARB and CCB: 31 [6.62%]).

Users of the ACEI/ARB group versus the non-ACEI/
ARB group here were not significantly different with re-
spect to age (p = 0.33), sex (p value 0.81), or ethnicity (p
value 0.77). More than 84% population was African
American and around 55% were female in both groups.
ACEI/ARB users had higher incidence of congestive heart
failure (40 vs. 22.3%, p 0.001), diabetes (63.5 vs. 45.3%, p
0.003), stroke (7.06 vs. 1.9%, p 0.021), and atrial fibrilla-
tion (23.5 vs. 11.4%, p 0.008).

Users of CCB were older than non-CCB users (mean
age 65.0 [SD 14.8] years vs. mean age 61.7 [SD 17.3] years,
p < 0.049). CCB use was nonsignificantly higher among
females (60.1 vs. 51%, p 0.06). More than 85% patients
were African American in both groups. Among CCB us-
ers, incidences of CAD (34.13 vs. 21.22%, p 0.003), CHF
(36.54 vs. 16.33%, p < 0.001), diabetes (55.29 vs. 43.27%,
p0.01), atrial fibrillation (20.19 vs. 8.16%, p < 0.001), PVD
(9.62 vs. 2.86%, p 0.003), and CKD stage 1-4 (37.98 vs.
17.14%, p < 0.001) were higher.
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Table 3. Primary outcomes in all hospitalized COVID-19 patients with regard to medication exposure

Unadjusted
odds ratio (95% CI) p value

Fully adjusted
odds ratio (95% CI) p value

All-cause in-hospital mortality

ACEI users versus nonusers 1.26 (0.63, 2.52) 0.56 0.58 (0.24, 1.36) 0.21
ARB users versus nonusers 1.74 (0.79, 3.81) 0.22 1.11 (0.44, 2.78) 0.82
ACEI/ARB users versus nonusers 1.58 (0.92,2.72) 0.12 0.77 (0.39, 1.49) 0.44
CCB users versus nonusers 1.47 (0.96, 2.24) 0.07 0.77 (0.45, 1.33) 0.35
ACEI/ARB and CCB users versus nonusers 1.45(0.81, 2.59) 0.21 0.75 (0.36, 1.55) 0.44
Risk of ICU admission

ACEI users versus nonusers 1.02 (0.61, 1.72) 0.89 0.67 (0.37, 1.20) 0.18
ARB users versus nonusers 1.04 (0.55, 1.98) 0.87 0.61 (0.29, 1.27) 0.19
ACEI/ARB users versus nonusers 1.02 (0.67, 1.54) 091 0.58 (0.35, 0.95) 0.03
CCB users versus nonusers 1.09 (0.81, 1.47) 0.59 0.72 (0.49, 1.05) 0.09
ACEI/ARB and CCB users versus nonusers  0.98 (0.63, 1.52) 0.93 0.55 (0.32, 0.94) 0.03

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel

blockers.

In-Hospital All-Cause Mortality, ICU Admission, and
Secondary Outcomes in All Hospitalized COVID-19
Patients

Table 3 shows the unadjusted and adjusted odds ratio
analysis for all-cause in-hospital mortality and ICU ad-
mission in hospitalized COVID-19 patients regardless of
their history of hypertension, based on exposure to med-
ications of interest. Neither ACEI nor ARB exposure was
associated with any significant effect on mortality in un-
adjusted or in fully adjusted analysis. Similarly, CCB use
itself was not associated with any significant effect on
mortality. Similarly, in those who were on both ACEI/
ARB and CCB, in a fully adjusted model, there was no
significant effect on in-hospital mortality (OR 0.75, 95%
CI[0.36, 1.55], p = 0.44).

Asnoted in Table 3, ACEI/ARB use was not associated
with reduction in incidence of ICU admission in unad-
justed analysis (OR 1.02, 95% CI [0.67, 1.54], p value
0.91); but after adjusting for age, demographics, comor-
bidities, and treatment for COVID-19, ACEI/ARB expo-
sure showed 42% reduction in the risk of ICU admission
(OR0.58,95% CI [0.35, 0.95], p value 0.03). For CCB, use
was not associated with any significant reduction in ICU
admission in unadjusted analysis (OR 1.09, 95% CI [0.81,
1.47], p value 0.59) or in the fully adjusted model (OR
0.72, 95% CI [0.49, 1.05], p value 0.09).

In the group exposed to both ACEI/ARB and CCB, the
unadjusted model did not show any reduction in ICU ad-
mission (OR 0.98, p value 0.93, 95% CI [0.63, 1.52]); but
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in the fully adjusted model, combined use of ACEI/ARB
and CCB was associated with statistically significant
(45%) reduction in ICU admission (OR 0.55, 95% CI
[0.32, 0.94], p value 0.029).

Neither ACEI/ARB exposure, CCB exposure, nor com-
bined use of ACEI/ARB and CCB was associated with any
significant effect on length of stay or 30-day readmission
rate. But, in the fully adjusted model, ACEI/ARB exposure
was associated with higher incidence of acute renal failure
syndromes needing new-onset dialysis on or after the ad-
mission (OR 2.30, 95% CI [1.09, 4.83], p = 0.028).

In-Hospital All-Cause Mortality, ICU Admission,

and Secondary Outcomes in Hospitalized COVID-19

Patients with a Personal History of Hypertension

Table 4 shows unadjusted and adjusted odds ratio
analysis for all-cause in-hospital mortality and ICU ad-
mission in hospitalized COVID-19 patients with a per-
sonal history of hypertension, based on exposure to med-
ications of interest. In this group of patients, as noted,
ARB exposure or CCB exposure alone had no significant
effect on in-hospital mortality. On the contrary, ACEI use
in hospitalized COVID-19 patients with hypertension
was associated with 71% reduction of in-house mortality
(OR 0.29, 95% CI [0.09, 0.093], p value 0.03) in the fully
adjusted model. In those, who were on both ACEI/ARB
and CCB, in a fully adjusted model, there was nonsignif-
icant reduction on in-hospital mortality (OR 0.44, 95% CI
[0.16, 1.18], p value 0.10).
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Table 4. Primary outcomes in hospitalized COVID-19 patients with a history of hypertension with respect to

medication exposure

Unadjusted
odds ratio (95% CI) p value

Fully adjusted
odds ratio (95% CI) p value

Risk of all-cause in-hospital mortality

ACEI users versus nonusers 0.66 (0.26, 1.67) 0.51 0.29 (0.09, 0.93) 0.03
ARB users versus nonusers 1.78 (0.75, 4.22) 0.19 1.43 (0.47, 4.37) 0.53
ACEI/ARB users versus nonusers 1.17 (0.61, 2.26) 0.60 0.55 (0.23, 1.30) 0.17
CCB users versus nonusers 1.30 (0.76, 2.22) 0.34 0.69 (0.35, 1.38) 0.29
ACEI/ARB and CCB users versus nonusers 1.00 (0.48, 2.07) 0.99 0.44 (0.16, 1.19) 0.10
Risk of ICU admission

ACEI users versus nonusers 0.96 (0.52, 1.76) 0.88 0.67 (0.34, 1.35) 0.26
ARB users versus nonusers 0.96 (0.46, 2.00) 091 0.68 (0.29, 1.59) 0.38
ACEI/ARB users versus nonusers 0.93 (0.57, 1.53) 0.78 0.59 (0.33, 1.05) 0.07
CCB users versus nonusers 1.03 (0.70, 1.52) 0.87 0.78 (0.49, 1.26) 0.31
ACEI/ARB and CCB users versus nonusers 0.86 (0.50, 1.48) 0.59 0.53 (0.98, 1.01) 0.06

ACE], angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel

blockers.

As shown in Table 4, ACEI/ARB use was associated
with potentially decreased ICU admission in the fully ad-
justed model but did not reach statistical significance (OR
0.59, 95% CI [0.33, 1.05], p value 0.07). CCB exposure
showed no significant effect on risk of ICU admissions
(OR0.78,95% CI [0.49, 1.26], p value 0.31). In those who
were on both ACEI/ARB and CCB, there was a potential
trend towards a reduction in ICU admissions (OR 0.52,
95% CI [0.27, 1.02], p value 0.06) in hospitalized CO-
VID-19 patients with hypertension.

Neither ACEI/ARB exposure, CCB exposure, nor
combined use of ACEI/ARB and CCB had any significant
effect on 30-day readmission or length of stay even in this
group. Also, ACEI/ARB exposure was not associated with
significant effect on the risk for acute renal failure syn-
dromes needing new-onset dialysis on or after admission
for COVID-19 infection (OR 1.93, 95% CI [0.77, 4.79], p
value 0.16). But when taken alone, ARB exposure was as-
sociated with an increased odds of developing acute renal
failure syndrome needing new-onset dialysis (OR 4.77,
95% CI [1.44, 15.85], p value 0.01) in hospitalized CO-
VID-19 patients with a history of hypertension.

Discussion
Key Summary of Findings

In patients hospitalized with COVID-19 infection at
our tertiary care center, this retrospective study noted a

COVID-19 Outcomes in RAS Blockers
and Calcium Channel Blockers

trend toward less severe COVID-19 infection as noted by
a reduction in the incidence of ICU admissions in those
who were on ACEI/ARBs after adjusting for patient de-
mographics, comorbidities, and COVID-19 therapeutics.
In those admitted with COVID-19, who had a personal
history of hypertension, ACEI exposure was associated
with potentially beneficial effect on mortality after adjust-
ing for demographics and covariates. While CCB use in-
dependently was not associated with any significant im-
pacton outcomes in our study population, there appeared
to be decreased rate of ICU admissions in those who were
on both CCB and ACEI/ARB.

Overall, exposure to medications had no effect on
length of stay or 30-day readmissions for the patients.
Those who were on ACEI/ARB had higher chances of de-
veloping severe renal failure requiring new-onset dialysis
regardless of personal history of hypertension. In those
with hypertension who developed acute renal failure syn-
drome, ARB exposure was associated with significantly
higher odds of severe renal failure syndrome needing
new-onset dialysis.

Comparison with Other Studies and Review of the

Literature

Evidence, till date, has failed to show any significant
harmful effects of ACEI/ARB in those infected with
SARS-CoV-2. Hippisley-Cox et al. [20] reported a re-
duced incidence of COVID-19 infection in those on
ACEI/ARB overall but suggested that ARB were signifi-
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cantly less protective in the Black population than the
Caucasian group; ACEI appeared less protective in the
Caribbean than the Caucasian group and were associated
with an increased risk of COVID-19 disease in the Black
population; but neither medication was associated with
an increased risk of receiving ICU care in their study. An
et al. [21] suggested that treatment with ACEI/ARB was
not associated with an increased risk for COVID-19 in-
fection, while Morales et al. [22] and Christiansen et al.
[23] discussed that use was neither associated with higher
risk nor with any adverse outcomes in patients with CO-
VID-19 infection. Lopes et al. [24], in their multicenter
randomized trial called BRACE CORONA, aimed to
evaluate whether discontinuing compared with main-
taining chronic ACEI/ARB treatment among hospital-
ized COVID-19 patients increases days alive and out of
the hospital and found no significant differences in out-
comes suggesting suspending these medications was not
beneficial in anyway. Similarly, Cohen et al. [25], with
their randomized trial, showed that there is no effect of
continuation or discontinuation of RAS blocker on hos-
pital outcomes. In contrast, a few recent studies have
pointed towards possible beneficial effects of RAS block-
ers in these patients. Bean et al. [26] reported a potential
trend toward beneficial effect of ACEI/ARB in their study
population at the multisite UK hospital; but this study
only had ~26% Black population. Zhang et al. [27] in
their multicenter study in China showed that in-hospital
use of ACEI/ARB among patients with hypertension was
associated with lower risk of all-cause mortality due to
COVID-19 compared with either nonuse of ACEI/ARB
or use of a different class of antihypertensive agents. Yan
etal. [28] found an association between ARB and reduced
mortality rate in COVID-19 patients with hypertension
and also suggested independent protective effects of
ACEI and CCB against disease severity in elderly patients
with COVID-19.

Though our study is observational and unidentified
confounding factors might have contributed to our find-
ings, the obtained results are consistent with some of the
aforementioned studies showing potential beneficial ef-
fects of ACEI/ARB. Moreover, it included a predominant
African American patient population who appear to suf-
fer more severe COVID-19 infections compared to other
ethnic groups [35] and in whom data with regard to med-
ication exposure have been relatively lacking compared
to Asian or Caucasian population.

Pathophysiology behind beneficial effects of renin-an-
giotensin-aldosterone system blockade in COVID-19 in-
fection is still emerging. But, it has been suggested that
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RAS blockers achieve this by establishing balance be-
tween ACE-2 and RAS [36]. ACE-2 is an enzyme found
on the cell membrane which degrades vasoconstrictor an-
giotensin II (AT-II) into angiotensin 1-7 which are car-
dioprotective peptides [37, 38]. COVID-19 appears to ei-
ther downregulate or release ACE-2 from the external
membrane into the circulation system reducing its effects
and causing enhancement of angiotensin II and RAS ac-
tivity [12, 39]. ACEI/ARB, with their RAS-blocking prop-
erties, can help restore balance between AT-II and Ang
1-9 and can potentially help mitigate consequences [36].
Apart from the lungs, ACE-2 is also expressed in the
heart, vascular endothelium, kidneys, GI tract, etc. [40],
and it has been described that ACE-2 directly interacts
with macrophages during acute inflammatory processes
such as viral infections [41]. Those with CV diseases, es-
pecially hypertension, already have heightened RAS ac-
tivity and thus are more prone to damage. Therefore, by
keeping uncontrolled RAS activation in check, ACEI/
ARB are thought to play a potentially important role in
reducing morbidity related to COVID-19. A retrospec-
tive review of 539 consecutive hospitalized patients with
viral pneumonia indicated that continuing in-hospital
use of ACEI/ARB may reduce the risk of pneumonia and
death (ACEI, odds ratio 0.64 for risk of pneumonia; odds
ratio 0.25 for in-hospital death; ARB, odds ratio 0.48 for
risk of pneumonia; odds ratio 0.75 for in-hospital death)
[42]. In contrast to Yan et al. [28], our study found poten-
tial beneficial effect of ACE] rather than ARB, on mortal-
ity in hospitalized COVID-19 patients with hypertension.

CCB are recommended as one of the first-line agents
for treatment of hypertension in African American pa-
tients. Beneficial roles of CCB in viral infections have
been described over a few decades now. Studies over the
years have demonstrated inhibition of influenza A virus
entry as well as replication by certain CCB [29, 43, 44]. In
addition, CCB also have shown to significantly decrease
replication of West Nile [45], dengue [46], and Ebola vi-
rus [47]. Apart from suggesting calcium ion’s role in
SARS-CoV-2 virion entry, host-membrane fusion, and
intracellular viral replication, Navarese et al. [30] also
suggested pharmacological agents targeting ion channels
may help modulate virus life cycles. In light of these find-
ings and hypotheses, a few studies analyzing impact of
CCB in COVID-19 patients have been reported.

A study from a community hospital in Brooklyn, NY,
USA, reported improved mortality and a decreased risk
for intubation and mechanical ventilation in hospitalized
COVID-19 hypertensive patients older than 65 years of
age on nifedipine/amlodipine, but this study only had 65
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patients, out of which only 21 were on these medications
[32]. A study from France, using biomedical informatics
in the form of natural language processing, pulled data
from 39 hospitals and suggested that use of CCB was as-
sociated with a decreased in-hospital mortality in admit-
ted COVID-19 patients with hypertension, but authors
only adjusted for age, sex, obesity, diabetes, and cancer
and not for other comorbidities or ethnicity and also did
not define CCB exposure in these patients [33]. Zhang et
al. [27], in their study from China, found that amlodipine
was associated with a reduced case fatality rate in hospi-
talized COVID-19 patients, while Yan et al. [28], as noted,
showed possible protective effects of CCB on COVID-19
disease severity in elderly patients. A randomized clinical
trial (clinicaltrials.gov ID: NCT04351763) is also being
conducted investigating the role of amiodarone and vera-
pamil to inhibit ion channels in hospitalized patients with
proven COVID-19. In our study, we did not find any sig-
nificant association of independent CCB use on mortal-
ity or severity of hospitalized COVID-19 patients.

From our review of the literature, none of the studies
have evaluated outcomes in hospitalized COVID-19 pa-
tients based on combined ACEI/ARB and CCB exposure.
In our study, we found potentially protective effect of
combined exposure to these medications on severe CO-
VID-19 infection.

Limitations

Our study has several limitations. This was a retro-
spective observational study, and therefore despite con-
trolling for various comorbidities and medications, un-
known confounders might have played a role in affecting
the results, and results should be interpreted with cau-
tion. Also, causal inference cannot be pointed out as it was
an observational study. Though our study has yielded
some results consistent with recent research data, our pa-
tient population predominantly is composed of African
American patients, and thus it would be difficult to gen-
eralize the results to the population. Moreover, this study
has relatively small population from a single site, and
more large-scale trials which are already being conducted
in this direction would give better answers. We analyzed
drug classes and not individual drugs due to lack of vol-
ume otherwise. Also, we did not take into account dosage
of different drugs or their duration of exposure and there-
fore cannot determine duration and dose-dependent ef-
fect on a particular medication if any exists. We have fo-
cused on in-hospital mortality in our analysis, and we
have identified those who went to hospice care. But, 30-
day or 90-day effect on mortality was not calculated here

COVID-19 Outcomes in RAS Blockers
and Calcium Channel Blockers

due to lack of data, and this would be calculated and tak-
en into account once more data are available to us. Data
on steroids as a treatment option for severe COVID-19
infection were not available during our study period, and
thus effects of steroids on mortality were excluded.

Conclusion

Our study points toward a potential trend towards a
reduced risk of ICU admission in hospitalized African
American patients with COVID-19 who were using ACEI
or ARB. Though CCB independently were not associated
with any significant effect on outcomes of hospitalized
COVID-19 patients, we noted a possible beneficial effect
of combined ACEI/ARB and CCB use on severity of this
disease with the exception of severe renal failure. In those
hospitalized COVID-19 patients (predominantly African
American) with a history of hypertension, ACEI were as-
sociated with potential beneficial effects on mortality.
But, our study cannot generate any causal inference, and
results from ongoing clinical trials evaluating impact of
the aforementioned medications on outcomes of CO-
VID-19 patients would be of interest in the near future.
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