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Abstract: (1) Background: Data on COVID-19 outcomes and disease course as a function of different
medications used to treat cardiovascular disease and chronic kidney disease (CKD), as well as the
presence of different comorbidities in primarily Black cohorts, are lacking. (2) Methods: We con-
ducted a retrospective medical chart review on 327 patients (62.6% Black race) who were admitted
to the Detroit Medical Center, Detroit, MI. Group differences (CKD vs. non-CKD) were compared
using the Pearson χ2 test. We conducted univariate and multivariate regression analyses for factors
contributing to death during hospitalization due to COVID-19 (primary outcome) and ICU admission
(secondary outcome), adjusting for age, sex, different medications, and comorbidities. A sub-analysis
was also completed for CKD patients. (3) Results: In the fully adjusted model, a protective effect of
ACEi alone, but not in combination with ARB or CCB, for ICU admission was found (OR = 0.400, 95%
CI [0.183–0.874]). Heart failure was significantly associated with the primary outcome (OR = 4.088,
95% CI [1.1661–14.387]), as was COPD (OR = 3.747, 95% CI [1.591–8.828]). (4) Conclusions: Therapeu-
tic strategies for cardiovascular disease and CKD in the milieu of different comorbidities may need to
be tailored more prudently for individuals with COVID-19, especially Black individuals.

Keywords: antihypertensive drugs; chronic kidney disease (CKD); COVID-19 mortality; COVID-19
disease severity

1. Introduction

Since the start of the COVID-19 pandemic caused by the SARS-CoV-2 virus in 2020,
there have been over 760 million cases and 6.8 million deaths reported as of March 2023 [1].
SARS-CoV-2 utilizes the angiotensin-converting enzyme 2 (ACE2) receptor for cellular
entry, and the ACE2 enzyme is involved in increasing blood pressure via activation of the
renin-angiotensin-aldosterone system (RAAS) pathway. The derangements in the RAAS
pathway have also been implicated in chronic kidney disease (CKD) and hypertension
disease pathogenesis. One recent meta-analysis demonstrated that the prevalence of CKD
in patients with COVID-19 was as high as 9.7% [2]. Several studies have shown that patients
with CKD and COVID-19 have increased morbidity and mortality and an increased risk
for hospitalization, ICU admission, and mechanical ventilation [2–4]. COVID-19 patients
with CKD have also been shown to have a higher rate of cardiovascular death at 30 days
compared to patients without CKD [5]. In fact, a decline in the glomerular filtration rate has
been associated with an increased risk of all-cause mortality [5]. However, data regarding
the impact of medications typically used in the management of CKD, cardiovascular disease,
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and hypertension on COVID-19 disease severity and mortality are lacking in cohorts of races
other than white. Additionally, whether and how these interactions are further complicated
by the presence of comorbidities other than CKD is still largely unexplored. The present
study was designed to fill these voids and was aimed at identifying independent predictors
of COVID-19 mortality and severity of the disease, as well as high-risk patient groups that
would necessitate targeted intervention strategies.

Most of the studies investigating the impact of chronic use of antihypertensive medi-
cations on COVID-19 outcomes reported either neutral or protective effects. In the initial
stages of the pandemic, there was a concern for a potential increase in susceptibility to
SARS-CoV-2 infection and/or severity of the disease in patients on ACE inhibitors (ACEi)
because these medications have been shown to upregulate ACE2 receptor expression [6].
However, this, in turn, has been disputed, with studies indicating that such is not the case in
the lung [7]. A retrospective study from France found that the antihypertensive medications
ACEi and angiotensin receptor blockers (ARB), whose mechanism of action involves the
RAAS pathway, demonstrated decreased morbidity and mortality compared to calcium
channel blockers (CCB) in hypertensive patients with COVID-19 and without CKD [8].
However, a randomized clinical trial investigating the outcomes of COVID-19 patients
with hypertension and without CKD who took losartan (an ARB) versus amlodipine (CCB)
showed no difference between the two in morbidity and mortality [9]. Two additional
studies found that the use of ACEi and ARB in hypertensive patients with COVID-19 did
not alter the survival or severity of the disease compared to normotensive patients [10,11].
One study investigating the use of CCBs in COVID-19 patients found that CCB use in
hypertensive patients with COVID-19 reduced mortality rates [12]. Subsequent studies
designed to answer this question more equivocally indeed reported no association of
ACEi/ARB with more severe outcomes in COVID-19 patients [11,13–21]. However, most of
these studies involved White or Asian individuals. One study investigated the association
between ACEi/ARB and COVID-19 outcomes in Black patients without CKD and found
no significant associations [22]. Studies investigating these effects in the milieu of CKD are
scarce. In fact, only one study has been published to date, and it reported no significant
associations between RAAS blockers and mortality in a CKD cohort of exclusively White
patients [23]. The present investigation was designed to explore associations between
medications typically used to manage cardiovascular and renal disease and COVID-19
outcomes in both Black and White patients with and without CKD.

2. Materials and Methods
2.1. Patient Population

We completed a retrospective analysis of patients admitted for COVID-19 to the
Detroit Medical Center, Detroit, MI, USA, between July and October of 2020. The inclusion
criteria consisted of age > 18 years and a positive SARS-CoV-2 PCR test obtained via
nasopharyngeal or oropharyngeal swab. We excluded pregnant patients. The analysis was
completed on 327 patients. CKD status was discerned from the medical record review.
Thirty-six patients had end-stage renal disease, and almost half of CKD patients had stage
3 CKD (N = 61). Forty-two patients received hemodialysis at some point. The study
protocol was approved by the Institutional Review Board at Wayne State University (IRB #
21-05-3579) and the Detroit Medical Center (study # 19717).

2.2. Study Measures and Outcomes

Data from electronic medical records were obtained at the time of patient admission for
SARS-CoV-2 infection. The collected data included demographics (age, sex, race/ethnicity),
vitals on admission (blood pressure, pulse and temperature), long-standing medications
used by the patients obtained from their medication history (angiotensin-converting en-
zyme inhibitors, angiotensin receptor blockers, calcium channel blockers, mineralocorticoid
receptor antagonists, vasodilators (all types other than ACEi, ARB, and CCB), diuretics,
steroids, beta blockers and statins), comorbidities (hypertension, diabetes, lupus, car-
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diomyopathies, heart failure, vasculopathies, other cardiovascular disease, pulmonary
fibrosis, chronic obstructive pulmonary disease, other pulmonary disease) and clinical
course of the disease during hospitalization (ventilation, ICU admission, anticoagulants,
anti-inflammatories, remdesivir administration, palliative care consult, acute stroke, sepsis,
dialysis at any point during hospitalization). Study data were collected and managed
using REDCap electronic data capture tools hosted at Wayne State University School of
Medicine [24,25]. REDCap (Research Electronic Data Capture) is a secure, web-based
software platform designed to support data capture for research studies, providing (1) an
intuitive interface for validated data capture; (2) audit trails for tracking data manipulation
and export procedures; (3) automated export procedures for seamless data downloads to
common statistical packages; and (4) procedures for data integration and interoperability
with external sources.

The primary outcome was defined as all-cause mortality during hospitalization for
SARS-CoV-2 infection, and the secondary outcome was defined as necessitation for ICU
admission due to SARS-CoV-2 infection.

2.3. Statistical Analysis

For statistical analysis, we used Statistical Package for the Social Sciences (SPSS)
version 28.01.0. A total of 327 patients were included in the analysis. For baseline char-
acteristics, the patients were divided into two groups: (1) those without chronic kidney
disease and (2) those with chronic kidney disease. We used numbers and percentages for
the patient’s characteristics description, and comparisons were made with a Pearson χ2 test.
Continuous variables (blood pressure (BP) and respiratory rate (RR)) were converted to
categorical variables (systolic BP < 140 mmHg and ≥140 mmHg, diastolic BP < 90 mmHg
and ≥90 mmHg and RR < 16 BPM and ≥16 BPM). Statistical significance was identified
with p-values of <0.05. We completed univariate and multivariate binary logistic regression
analyses for medication classes contributing to the primary and secondary outcomes (all-
cause in-hospital mortality and ICU admission, respectively). We used corresponding odds
ratios for patients who were on particular medication(s) vs. those who were not. Multivari-
ate regression (fully adjusted model) was used to adjust for age, sex, race, comorbidities,
medications, and remdesivir use.

3. Results

A total of 327 patients were included in the final analysis. One hundred and thirty
(39.8%) patients were in the chronic kidney disease (CKD) group, and one hundred and
ninety-seven patients (60.2%) were in the non-CKD group. Baseline characteristics are
presented in Table 1. The two groups were significantly different for sex (p = 0.041) and race,
with most of the cohort being Black (74.6% with CKD and 54.8% without CKD, p = 0.002).
Age distribution was also different between the groups, with more patients younger than
65 being in the non-CKD group (34.3%) compared to the CKD group (16.7%, p = 0.003).
Patients in the CKD group were more likely to be on CCBs (39.2% vs. 28.1% in non-CKD,
p = 0.036), sympatholytic (9.2% vs. 1.0% in non-CKD, p < 0.001), beta blockers (54.6% vs.
28.6% in non-CKD, p < 0.001), and statins (61.5% vs. 40.7% in non-CKD, p < 0.001). Patients
in the CKD group were more likely to have pre-existing diabetes (61.5% in CKD vs. 45.7%
in non-CKD, p = 0.005) and heart failure (33.1% in CKD vs. 11.6% in non-CKD, p < 0.001).

No statistical significance was observed for pre-existing hypertension, lupus, car-
diomyopathies, vasculopathies, other cardiovascular disease, pulmonary fibrosis, or COPD.
Likewise, no statistical significance was observed between the groups for having elevated
systolic (p = 0.272) or diastolic (p = 0.638) blood pressure vs. not (as per the most current
American Heart Association guidelines [26]). Similarly, there was no difference in having
an elevated respiratory rate vs. not (p = 0.173) on admission.
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Table 1. Patient characteristics and comorbidities; comparison of patients with and without CKD.

All Patients (% Total) CKD (% All CKD) No CKD (% All Non-CKD) p-Value

Age
<50 44 (13.4) 8 (6.1) 36 (18.2)

0.00350–65 122 (37.7) 47 (36.2) 75 (38.1)
≥65 161 (48.9) 75 (57.7) 86 (43.7)
Sex

Male 176 (53.8) 79 (60.8) 97 (49.2)
0.041Female 151 (46.2) 51 (39.2) 100 (50.8)

Race
White 28 (8.5) 4 (3.1) 24 (12.1)

0.002
Black 206 (62.6) 97 (74.6) 109 (54.8)

Hispanic 4 (1.2) 1 (0.8) 3 (1.5)
Other 33 (10.0) 13 (10.0) 20 (10.1)

Unknown 58 (17.6) 15 (11.5) 43 (21.6)
Medications

ACEi *, n (% total) 81 (24.6) 27 (20.8) 54 (27.1) 0.190
ARB *, n (% total) 46 (14) 21 (16.2) 25 (12.6) 0.359

CCB * 107 (32.5) 51 (39.2) 56 (28.1) 0.036
MR * 11 (3.3) 6 (4.6) 5 (2.5) 0.300

Sympatholytic 14 (4.3) 12 (9.2) 2 (1.0) <0.001
Diuretic 96 (29.2) 41 (31.5) 55 (27.6) 0.447
Steroid 27 (8.2) 13 (10.0) 14 (7.0) 0.338

Beta blocker 128 (38.9) 71 (54.6) 57 (28.6) <0.001
Statin 161 (48.9) 80 (61.5) 81 (40.7) <0.001

Comorbidities
Hypertension 317 (96.4) 123 (94.6) 194 (97.5) 0.174

Diabetes 171 (52.0) 80 (61.5) 91 (45.7) 0.005
Lupus 4 (1.2) 2 (1.5) 2 (1.0) 0.666

Cardiomyopathies 19 (5.8) 4 (3.1) 15 (7.5) 0.090
Heart failure 66 (20.1) 43 (33.1) 23 (11.6) <0.001

Vasculopathies 61 (18.5) 28 (21.5) 33 (16.6) 0.258
Other cardiovascular

disease 136 (41.3) 57 (43.8) 79 (39.7) 0.455

Pulmonary fibrosis 2 (0.6) 1 (0.8) 1 (0.5) 0.761
COPD 66 (20.1) 33 (25.4) 33 (16.6) 0.051

SBP * on admission
<140 mmHg 185 (58.2) 68 (54.4) 117 (60.6)

0.272≥140 mmHg 133 (41.8) 57 (45.6) 76 (39.4)
DBP * on admission

<90 mmHg 235 (74.4) 94 (75.8) 141 (73.4)
0.638≥90 mmHg 81 (25.6) 30 (24.2) 51 (26.6)

RR * on admission
<16 14 (4.5) 3 (2.5) 11 (5.8)

0.173≥16 298 (95.5) 118 (97.5) 180 (94.2)

* ACEi = ACE inhibitor; ARB = angiotensin receptor blocker; CCB = calcium channel blocker; MR = mineralocorticoid
receptor antagonist; SBP = systolic blood pressure; DBP = diastolic blood pressure; RR = respiratory rate.

The data on hospital course in CKD and non-CKD COVID-19 patients are presented
in Table 2. Patients with CKD were more likely to be admitted to the ICU (48.7% vs. 29.3%,
p < 0.001), to have necessitated ventilation (29.9% vs. 18.6%, p = 0.021), palliative care
consult (8.0% vs. 2.6%, p = 0.029), dialysis during hospitalization (36.6% vs. 3.6%, p < 0.001)
and to have developed sepsis (27.8% vs. 14.4%, p = 0.004). No statistical significance was
observed for having received vasopressor, anticoagulant, anti-inflammatory, or COVID-19
(remdesivir) therapy, or for acute stroke or all-cause mortality in the hospital.



COVID 2023, 3 686

Table 2. Patient outcomes and clinical course during hospitalization; comparison of patients with
and without CKD.

All Patients (% Total) CKD (% All CKD) No CKD (% All Non-CKD) p-Value

ICU * 113 (36.7) 57 (48.7) 56 (29.3) <0.001
Ventilation 71 (22.8) 35 (29.9) 36 (18.6) 0.021

Vasopressors 42 (14.0) 17 (15.0) 25 (13.4) 0.685
Anticoagulants 236 (76.1) 88 (75.2) 148 (76.7) 0.768

Anti-inflammatory 161 (52.8) 58 (51.3) 103 (53.6) 0.695
Remdesevir 54 (17.7) 20 (18.0) 34 (17.5) 0.914

Palliative care consult 14 (4.6) 9 (8.0) 5 (2.6) 0.029
Acute stroke 10 (3.3) 2 (1.8) 8 (4.2) 0.278

Sepsis 60 (19.4) 32 (27.8) 28 (14.4) 0.004
Dialysis at any point 49 (15.9) 42 (36.8) 7 (3.6) <0.001
Death in the hospital 38 (12.1) 18 (15.1) 20 (10.3) 0.199

* ICU = intensive care unit.

Unadjusted and adjusted odds ratios for the entire cohort (n = 327) are shown in
Table 3 for the primary and secondary outcomes, death in the hospital and ICU admission,
respectively, based on the exposure to medications typically used to treat hypertension,
other CVDs, and CKD. Regarding the primary outcome, the use of ACEi, ARBs, combi-
nation of ACEi/ARB with CCB, diuretics, vasodilators, steroids, beta blockers, or statins
was not significantly associated with all-cause in-hospital mortality in neither unadjusted
nor adjusted models. The risk of death was increased two-fold with the use of CCB alone
(OR = 2.064, 95% CI [1.048–4.063], p = 0.036) only in the unadjusted analysis. After adjusting
for confounders (age, sex, race, other chronic medications, comorbidities, and COVID-19
therapeutics (remdesivir)) this association was no longer present (OR = 1.756, 95% CI
[0.384–8.019], p = 0.468). On univariate analyses for comorbidities, heart failure was signifi-
cantly associated with an increased risk of all-cause in-hospital mortality (OR = 3.478, 95%
CI [1.706–7.091], p < 0.001). Likewise, COPD was significantly associated with an increased
risk of all-cause mortality (OR = 3.864, 95% CI [1.904–7.840], p < 0.001). These associations
were maintained in the fully adjusted model (OR = 4.088, 95% CI [1.1661–14.387], p = 0.028
for heart failure, and OR = 3.747, 95% CI [1.591–8.828], p = 0.003 for COPD).

Regarding the secondary outcome, no significant risk was observed for the use of
ACEi, ARB, ACEi/ARB, ACEi/ARB and CCB, CCB alone, MR, diuretic, sympatholytic,
or steroids in the unadjusted model. However, increased risk of ICU admission was sig-
nificantly associated in the unadjusted model with the use of vasodilators (OR = 2.485,
95% CI [1.276–4.840], p = 0.007), beta blockers (OR = 1.623, 95% CI [1.013–2.600], p = 0.044)
and statins (OR = 2.275, 95% CI [1.417–3.654], p < 0.001). After adjusting for age, sex, race,
chronic medications, comorbidities, and COVID-19 therapeutics, significant associations
with the use of vasodilators and beta blockers were no longer observed, and only the use
of statins remained statistically significant (OR = 3.559, 95% CI [1.763–7.184], p < 0.001).
Additionally, in the fully adjusted model, a protective effect of ACEi alone, but not in combi-
nation with ARB or CCB, for ICU admission was revealed (OR = 0.400, 95% CI [0.183–0.874],
p = 0.022). In terms of comorbidities, admission to the ICU was significantly associated
in unadjusted analyses with having CKD (OR = 2.290, 95% CI [1.420–3.694], p < 0.001),
diabetes (OR = 1.675, 95% CI [1.047–2.680], p = 0.032), heart failure (OR = 1.953, 95% CI
[1.096–3.479], p = 0.023), and COPD (OR = 2.880, 95% CI [1.632–5.110], p < 0.001). After
adjustment for demographics, medications, and COVID-19 therapeutics, the associations
with CKD, diabetes, and heart failure were no longer significant. The risk of ICU admission
remained significantly associated with COPD (OR = 3.074, 95% CI [1.429–6.614], p = 0.004)
in the fully adjusted model.
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Table 3. Primary and secondary outcomes in all patients with regards to medication exposure
and comorbidities.

Unadjusted Adjusted

OR (95% CI) p-Value OR (95% CI) p-Value

All-cause in-hospital mortality
ACEi * vs. no 1.179 0.557–2.492 0.667 0.721 0.144–3.618 0.691
ARB * vs. no 0.478 0.141–1.624 0.237 0.700 0.118–4.160 0.695

ACEi/ARB vs. no 0.858 0.427–1.723 0.667 0.815 0.350–1.900 0.636
CCB * vs. no 2.064 1.048–4.063 0.036 1.756 0.384–8.019 0.468

ACEi/ARB and CCB
vs. none 1.680 0.817–3.454 0.158 0.854 0.132–5.503 0.868

diuretic vs. no 1.587 0.791–3.183 0.194 1.212 0.468–3.137 0.692
vasodilator vs. no 0.921 0.339–2.502 0.872 0.284 0.059–1.375 0.118

steroids vs. no 2.606 0.966–7.031 0.059 2.060 0.449–9.447 0.352
beta blockers vs. no 1.741 0.888–3.414 0.107 2.104 0.759–5.832 0.153

statin vs. no 1.371 0.698–2.695 0.359 1.414 0.518–3.860 0.499
CKD * 1.559 0.788–3.085 0.202 1.509 0.655–3.478 0.334

Hypertension 0.989 0.118–8.260 0.992 0.815 0.062–10.694 0.876
Diabetes 1.069 0.546–2.095 0.845 0.936 0.422–2.076 0.871

Heart Failure 3.478 1.706–7.091 <0.001 4.088 1.161–14.387 0.028
COPD * 3.864 1.904–7.840 <0.001 3.747 1.591–8.828 0.003

Unadjusted Adjusted

OR (95% CI) p-Value OR (95% CI) p-Value

ICU admission
ACEi vs. no 0.771 0.450–1.322 0.345 0.400 0.183–0.874 0.022
ARB vs. no 1.300 0.684–2.472 0.424 1.594 0.680–3.738 0.284

ACEi/ARB vs. no 0.904 0.563–1.450 0.674 0.736 0.408–1.327 0.308
CCB vs. no 1.414 0.871–2.296 0.161 1.062 0.556–2.028 0.856

ACEi/ARB and CCB
vs. none 1.107 0.690–1.776 0.674 0.526 0.142–1.939 0.334

diuretic vs. no 1.486 0.903–2.448 0.119 1.514 0.762–3.008 0.236
vasodilator vs. no 2.485 1.276–4.840 0.007 1.352 0.492–3.714 0.559

steroids vs. no 1.466 0.612–3.511 0.390 1.167 0.348–3.911 0.803
beta blockers vs. no 1.623 1.013–2.600 0.044 1.315 0.653–2.651 0.443

statin vs. no 2.275 1.417–3.654 <0.001 3.559 1.763–7.184 <0.001
CKD 2.290 1.420–3.694 <0.001 1.414 0.706–2.831 0.328

Hypertension 0.341 0.080–1.453 0.146 0.361 0.051–2.559 0.308
Diabetes 1.675 1.047–2.680 0.032 1.141 0.612–2.127 0.678

Heart Failure 1.953 1.096–3.479 0.023 1.193 0.499–2.852 0.691
COPD 2.880 1.623–5.110 <0.001 3.074 1.429–6.614 0.004

* ACEi = ACE inhibitor; ARB = angiotensin receptor blocker; CCB = calcium channel blocker; CKD = chronic kidney
disease; COPD = chronic obstructive pulmonary disease; statistically significant results are bolded for emphasis.

Table 4 contains unadjusted and adjusted odds ratios for factors associated with pri-
mary and secondary outcomes in patients with CKD (n = 130). In this sub-analysis regarding
the primary outcome in the multivariate model, the use of vasodilators was found to be pro-
tective (OR = 0.046, 95% CI = [0.004–0.481], p = 0.010). Significant associations were found
for heart failure and COPD in the univariate analysis (OR = 3.259, 95% CI [1.167–9.099],
p = 0.024, and OR = 6.364, 95% CI = [2.191–18.490], p < 0.001, respectively). In the fully
adjusted model, only COPD remained significant (OR = 12.115, 95% CI = [2.129–68.949],
p = 0.005). Regarding the secondary outcome, statin use in CKD patients was found to pose
a significant risk in both unadjusted and adjusted analyses (OR = 2.873, 95% CI, p = 0.009,
and OR = 5.767, 95% CI = [1.621–20.516], p = 0.007, respectively). Diabetes was significantly
associated with the secondary outcome (OR = 2.513, 95% CI = [1.142–5.531], p = 0.022),
albeit only in the univariate model. CKD stage was not significantly associated with neither
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the primary (OR = 0.453, 95% CI = [0.198–1.038], p = 0.061) nor the secondary outcomes
(OR = 1.067, 95% CI = [0.728–1.563], p = 0.740).

Table 4. Primary and secondary outcomes in CKD patients with regards to medication exposure
and comorbidities.

Unadjusted Adjusted

OR (95% CI) p-Value OR (95% CI) p-Value

All-cause in-hospital mortality
ACEi vs. no 1.558 0.498–4.878 0.447 1.226 0.192–56.994 0.830
ARB vs. no 0.271 0.034–2.172 0.219 0.144 0.005–3.970 0.252

ACEi/ARB vs. no 0.865 0.300–2.497 0.788 0.376 0.057–2.470 0.308
CCB vs. no 1.171 0.426–3.217 0.760 1.084 0.191–6.143 0.928

ACEi/ARB and CCB
vs. none 1.851 0.613–5.586 0.275 2.850 0.394–20.634 0.300

diuretic vs. no 1.437 0.509–4.056 0.494 2.472 0.405–15.106 0.327
vasodilator vs. no 0.452 0.122–1.673 0.234 0.046 0.004–0.481 0.010

steroids vs. no 2.325 0.554–9.760 0.249 7.929 0.304–206.2 0.213
beta blockers vs. no 1.263 0.453–3.522 0.656 2.387 0.359–15.868 0.368

statin vs. no 1.705 0.564–5.152 0.344 2.130 0.309–14.664 0.443
Hypertension 0.885 0.097–8.056 0.914 0.475 0.020–11.377 0.646

Diabetes 0.723 0.262–1.992 0.530 0.136 0.022–0.850 0.033
Heart Failure 3.259 1.167–9.099 0.024 4.473 0.557–35.910 0.159

COPD 6.364 2.191–18.490 <0.001 12.115 2.129–68.949 0.005

Unadjusted Adjusted

OR (95% CI) p-Value OR (95% CI) p-Value

ICU admission
ACEi * vs. no 0.717 0.298–1.729 0.459 0.510 0.151–1.729 0.280
ARB * vs. no 1.064 0.406–2.786 0.900 1.563 0.418–5.842 0.507

ACEi/ARB vs. no 0.757 0.358–1.599 0.465 1.174 0.362–3.809 0.789
CCB * vs. no 0.822 0.393–1.720 0.603 0.588 0.197–1.756 0.341

ACEi/ARB and CCB
vs. none 0.739 0.348–1.571 0.432 0.391 0.095–1.609 0.193

diuretic vs. no 1.361 0.630–2.943 0.433 1.464 0.472–4.541 0.509
vasodilator vs. no 1.516 0.669–3.438 0.319 1.417 0.457–4.393 0.545

steroids vs. no 1.346 0.343–5.286 0.670 0.938 0.153–5.768 0.945
beta blockers vs. no 0.852 0.410–1.770 0.667 0.856 0.300–2.438 0.770

statin vs. no 2.873 1.307–6.315 0.009 5.767 1.621–20.516 0.007
Hypertension 0.457 0.080–2.597 0.377 0.157 0.016–1.534 0.111

Diabetes 2.513 1.142–5.531 0.022 2.219 0.786–6.262 0.132
Heart Failure 0.917 0.418–2.013 0.829 0.533 0.181–1.565 0.252

COPD * 1.846 0.794–4.293 0.154 2.568 0.831–7.935 0.101

* ACEi = ACE inhibitor; ARB = angiotensin receptor blocker; CCB = calcium channel blocker; COPD = chronic
obstructive pulmonary disease; statistically significant results are bolded for emphasis.

4. Discussion

This retrospective study conducted at our tertiary care hospital in mostly Black patients
hospitalized with SARS-CoV-2 infection showed that a less severe COVID-19 course, as
indicated by a lower risk of ICU admission, was observed for patients who were on
ACEi, irrespective of their CKD status, and after adjustment for patient demographics
and covariates. The use of CCBs alone in unadjusted analyses was associated with an
increased risk of all-cause mortality. However, this significance was lost once the model
was adjusted for patient demographics, other medications, comorbidities, and COVID-19
therapeutics. CKD patients were more likely to have been admitted to the ICU and have
required ventilation, dialysis, and palliative care consult. However, after adjusting for
patient demographics, medications used to treat CVD and CKD, and remdesivir use, the
association of CKD with a more severe COVID-19 clinical course lost significance.
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It is becoming increasingly apparent that the suggestion of poorer COVID-19 outcomes
in patients on RAAS blockers early in the pandemic has not been substantiated to date.
In fact, a prospective, parallel-group, randomized, controlled, open-label trial found no
negative associations between RAAS blocker usage and the clinical course of COVID-19
and suggested a potential for a faster and better recovery from SARS-CoV-2 infection with
RAAS blocker usage [27]. In addition to this potential beneficial effect of RAAS inhibitors
on recovery, a prospective cohort study of 8.28 million people found protective effects on
infection rates in individuals on ACEi/ARB [16]. The same study also found that ARBs
were less protective in Black individuals compared to White. Indeed, we found that in
our mostly Black cohort, ACEi but not ARB, was significantly associated with a milder
course of the disease, as indicated by a lower need for ICU admission. Multiple studies
worldwide have been conducted showing that ACEi/ARB use was neither associated with
an increased risk of infection [17,18,28] nor with more severe clinical outcomes [18,28,29].
Other studies point to the potential reduction in risk of death in patients who were on
ACEi/ARB prior to SARS-CoV-2 infection [19] as well as in those who received in-hospital
ACEi/ARB [20,21]. All of the previously published studies, however, were not designed to
evaluate the potential difference in the CKD patient population that was also on ACEi/ARB
and CCBs. Moreover, a recently published systematic review and meta-analysis underlined
that most of the studies on RAAS inhibitors in COVID-19 outcomes had a critical risk of bias,
and in fact, only two of them [8,30] met the criteria of the absence of critical bias that was
relevant to this meta-analysis [31]. Moreover, in both of these studies, only patients with
uncomplicated hypertension were considered, eliminating pre-existing conditions, such as
cardiovascular diseases and CKD [8,30]. Our study, albeit observational, addresses this void
in the literature and adds to the body of data on COVID-19 outcomes in a predominantly
Black cohort with comorbid CKD and CVD who were on different classes of medications
used to treat these diseases.

In our unadjusted analyses, we identified CCB as being associated with an increased
risk of all-cause mortality. However, after adjusting for confounders, including race, this
significance was no longer present. Additionally, ACEi/ARB in combination with CCB was
not found to be associated with either all-cause mortality or the severity of the COVID-19
clinical course. One recently published study in a population similar to ours (albeit without
CKD) reported that ACEi/ARB and CCB therapy in combination, but not CCB alone, was
associated with improvement in ICU admissions [32]. Previous studies investigating CCB
associations with similar outcomes have found mild benefits [20,21,33,34]; however, these
were all associated with limitations such as a small sample size (i.e., less than 25) or a lack
of adjustment for race as a confounder. A recently concluded multicenter, international
clinical trial, the Recovery-SIRIO (NCT04351763) study, found that neither amiodarone
nor verapamil significantly accelerated short-term clinical improvement [35], which is in
agreement with our data.

Studies completed in Europe in Spanish [36] and Italian [37] cohorts, as well as in the
United States in Hispanic-only cohorts [38], showed a reduction in mortality with previous
use of statins in COVID-19 patients. However, in the study on American veterans made
up of predominantly White individuals, the use of statins alone was not associated with
reduced mortality [39]. Rather, the combination use of metformin with statins as well
as ACEi with statins was associated with a decreased 30-day mortality risk. Likewise,
the INSPIRATION/INSPIRATION-S multicenter, randomized controlled trial found no
association between atorvastatin and all-cause mortality [40]. In all of these studies, the
Black race was underrepresented. On the other hand, in the present investigation, we
found that statin use was associated with an increased risk of ICU admission in our mostly
Black cohort. Another study conducted in Tehran found that, on univariate analysis, the
use of statins was significantly associated with mortality rate, ICU admission, and length
of hospitalization [41]. A study previously conducted at our hospital (Detroit Medical
Center) found that statins were associated with reduced mortality in their COVID-19 cohort,
consisting of mostly Black individuals, while they found no difference in ICU admission [42].
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Their study, however, used multivariate logistic regression models that did not adjust for
other medications that we did consider as confounders (CVD and CKD medications), and
they only considered statins. Additionally, their cohort was bigger (n = 1014 vs. n = 327
in ours) and contained 11.2% CKD patients, whereas ours was comprised of 40% CKD
patients. These may all be important factors driving the differences in observed outcomes.
Nevertheless, given that our study is observational in nature, the possibility of unknown
confounders cannot be excluded, attributable to the observed association of statins with a
higher risk of ICU admission.

Limitations to our study include the observational nature and the sample size. Addi-
tionally, we also recognize that between July and October of 2020, which is the time span of
our admitted patients, the predominant SARS-CoV-2 variants were B.1.1.7 (alpha), B.1.351
(beta), and P.1 (gamma) [43]. Since then, other variants of concern have emerged with
significant substitutions/deletions in the spike protein [43]. It is unclear whether these
differences contribute to COVID-19 outcomes as a function of the variables we included in
our current analysis. Therefore, the applicability of our data to all other and current variants
may be limited. Nevertheless, our data contribute significantly to the body of literature
regarding the risks associated with the medications for CVD and CKD and co-morbidities
in Black individuals and may inform more targeted treatment for those with COVID-19.

5. Conclusions

In this retrospective observational analysis of 327 patients, the majority of whom were
of Black race, we found significant associations between ACEi use and reduced COVID-19
disease severity as assessed by ICU admission. Additionally, we also found significant
associations between statin use and increased ICU admissions in the entire cohort as
well as in the subpopulation of CKD patients. We did not find in our fully adjusted
model that patients with CKD had poorer outcomes compared with patients without CKD.
Comorbidities found to be significantly associated with all-cause in-hospital mortality were
heart failure and COPD, whereas the latter was found to be additionally associated with
ICU admissions. Our study underlines that individuals who present with COVID-19 and
who also have CKD and CVD, particularly those of Black race, may necessitate a more
prudent crafting of therapeutic regimens to treat these and other comorbid conditions.
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