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ABSTRACT
Objective To describe the clinical outcomes of COVID-19
in a racially diverse sample from the US Southeast and
examine the association of renin–angiotensin–aldosterone
system (RAAS) inhibitor use with COVID-19 outcome.
Design, Setting, Participants This study is a
retrospective cohort of 1024 patients with reverse-
transcriptase PCR-confirmed COVID-19 infection, admitted
to a 1242-bed teaching hospital in Alabama. Data on RAAS
inhibitors use, demographics and comorbidities were
extracted from hospital medical records.
Primary outcomes In-hospital mortality, a need of
intensive care unit, respiratory failure, defined as invasive
mechanical ventilation (iMV) and 90-day same-hospital
readmissions.
Results Among 1024 patients (mean (SD) age, 57
(18.8) years), 532 (52.0%) were African Americans, 514
(50.2%) male, 493 (48.1%) had hypertension, 365 (36%)
were taking RAAS inhibitors. During index hospitalisation
(median length of stay of 7 (IQR (4–15) days) 137 (13.4%)
patients died; 170 (19.2%) of survivors were readmitted.
RAAS inhibitor use was associated with lower in-hospital
mortality (adjusted HR, 95% CI (0.56, (0.36 to 0.88),
p=0.01) and no effect modification by race was observed
(p for interaction=0.81). Among patients with hypertension,
baseline RAAS use was associated with reduced risk of
iMV, adjusted OR, 95% CI (aOR 0.58, 95% CI 0.36 to 0.95,
p=0.03). Patients with heart failure were twice as likely to
die from COVID-19, compared with patients without heart
failure.
Conclusions In a retrospespective study of racially
diverse patients, hospitalised with COVID-19,
prehospitalisation use of RAAS inhibitors was associated
with 40% reduction in mortality irrespective of race.

INTRODUCTION
The USA has experienced an unprecedented
public health crisis with the COVID-
19
pandemic.1 Persons with cardiovascular and
metabolic disease are at increased risk for
mortality and morbidity from COVID-19.2–5

Strengths and limitations of this study
► This study background was based on multiple ques-

►

►
►
►
►

tions regarding the safety of RAAS inhibitors raised
by the community of the primary care physicians and
patients in the beginning of the COVID-19 pandemic.
Other strengths of the study include a large racially
diverse sample of patients with COVID-19 from the
US Southeast and a robust approach to extraction of
data from electronic health records.
Observational retrospective nature of this study
does not allow drawing causal inferences.
Residual unmeasured confounding, such as socioecomonic status, may influence study results.
The study included patients from a limited geographical area and a single hospital site.
The data on out-of-hospital mortality and same-
hospital readmissions may be incomplete as some
COVID-19 patients may have been readmitted to
other area hospitals.

Cardiovascular disease and diabetes mellitus
are highly prevalent among US adults, with
45% of adults having HTN, 13%—diabetes
mellitus, 6.7%—coronary artery disease and
2.4%—heart failure.6 These chronic conditions disproportionally affect adults in the
Southeast compared with other parts of the
USA.6 Patients with hypertension, heart
failure, diabetes and chronic kidney disease
are often prescribed renin–angiotensin–
aldosterone system (RAAS) inhibitors, that
is, ACE inhibitors (ACEi) or angiotensin
receptor blockers (ARBs). In animal studies,
performed prior to the emergence of COVID-
19, ACEi were found to increase the expression of ACE2 receptors.7 The SARS-CoV-2
binds to ACE2 receptors in lungs,8 leading to
concerns about potential risks of using RAAS
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METHODS
Study participants and procedures
This observational retrospective cohort study included
1024 adult (age 18 and above) patients hospitalised
with confirmed COVID-19 between 1 March 2016 and
16 September 2020 at the University of Alabama at
Birmingham (UAB) teaching hospital in Birmingham,
Alabama. The first cases of the COVID-19 were detected
in Birmingham beginning on 1 March 2020. The cases
increased very slowly over the spring of 2020, with a sharp
surge 10–14 days after 4 July 2020. After the initial surge,
COVID-19 cases declined slightly in August 2020, but then
started to rise, achieving an spike in December–January
2021 (data not included in this report). The UAB ICU
neared but did not exceed capacity. During the first surge
of COVID-19 cases in July 2020, UAB Hospital implemented a delayed intubation strategy, favouring treating
COVID-19 respiratory failure with supplemental oxygen,
delivered via high flow nasal cannula. Therefore, all analyses of respiratory failure were adjusted for the time of
the index admission for COVID-19 (before vs after 15 July
2020).
COVID-19 cases were confirmed by reverse-transcriptase
PCR (rt-PCR). We extracted patient data electronically
from our institution’s Electronic Health Record (EHR;
Cerner) data warehouse (i2B2) supplemented by manual
2

chart review. Data were prepared for analyses by the
19 Core data Extraction/Transformation team
COVID-
using Oracle SQL developer (V.11.2). For each of the
patients with laboratory-confirmed COVID-19, encounter
data for the index admission were obtained, including
admission date, date of the earliest positive rt-PCR for
COVID-19 and death or discharge date. The admission/
discharge dates for all subsequent outpatient and inpatient encounters and dates of death after the index hospitalisation were also electronically extracted. For each of
the hospital readmissions (n=172) a manual chart review
was conducted to confirm admission/discharge dates.
For each of the deaths (n=16) that occurred after index
hospitalisation we conducted manual chart review for
confirmation. From the initial sample of 1029 patients,
we excluded 5 patients with missing index admission
dates or missing dates of birth.
Patient and public involvement
No patients involved.
Outcomes and main exposure
Study outcomes included in-hospital COVID-19-related
mortality, need for the ICU admission, respiratory failure
defined by a need for iMV, and same-hospital readmission for any cause after the index hospitalisation. Data on
RAAS inhibitors included use of ACEis and ARBs prior
to the index COVID-19 hospitalisation, and were derived
from the index admission medication reconciliation data
in the EHR. If patients were taking a combination medicine that included an ACEi or ARB as one of the components, they were classified as having been prescribed
ACEi/ARB in the analysis.
Covariates
Covariates were selected on the basis of the risk factors
for severe COVID-19 infection identified by the Centers
for Disease Control and Prevention and previous reports
on COVID-19 morbidity and mortality.16–19 Patient sociodemographic characteristics included age at the index
admission (calculated, using birth and admission dates)
and self-reported race, sex, marital status and cigarette
smoking status. We created age categories as follows:
18–40, 41–64, 65–74 and 75 years and older. Body mass
index (BMI) was calculated using height and weight
obtained most recently prior to the index COVID-
19
admission. BMI categories included: ‘underweight’ is less
than 18.5 kg/m2, ‘normal weight’ 18.5–24.9 kg/m2, ‘overweight’ 25–29.9 kg/m2 and ‘obese’ 30 kg/m2,and above.
We obtained data on comorbidities, including hypertension, coronary artery disease, diabetes, chronic obstructive pulmonary disease, heart failure, chronic kidney
disease, HIV, sickle cell disease and history of solid organ
transplant using corresponding, Intenational Classification of Diseases, The Tenth Revision (ICD-10) codes.
Statistical analysis
Patients with COVID-19 who were prescribed RAAS inhibitors at baseline were compared with those who were not
Khodneva Y, et al. BMJ Open 2022;12:e053961. doi:10.1136/bmjopen-2021-053961

BMJ Open: first published as 10.1136/bmjopen-2021-053961 on 12 April 2022. Downloaded from http://bmjopen.bmj.com/ on July 4, 2022 by guest. Protected by copyright.

inhibitors in the setting of COVID-19. While subsequent
studies have demonstrated the safety of RAAS inhibitor
use among persons with COVID-19 and indication for
RAAS use,9–11 the association of RAAS inhibitor use with
hospital readmission after the index COVID-19 admission
is not well described.
Most of reports12 describing the associations of pre-
existing use of RAAS inhibitors with COVID-19 outcomes
were obtained in White or Asian, not African American
populations. Compared with Whites, African Americans
have a high incidence of adverse effects of RAAS inhibitors.13 Disproportionally affected by multiple health
disparities, African Americans have also been shown to
have an increased risk of severe COVID-
19, requiring
hospitalisation.14 Persons of African descent were also at
higher risk of contracting COVID-19 in the largest to date
cohort study of the COVID-19 susceptibility in England.15
To better understand the association of baseline RAAS
inhibitor use with outcomes of COVID-
19 hospitalisation, we assembled an observational retrospective cohort
of racially diverse hospitalised patients with laboratory-
confirmed COVID-19 in Alabama. We examined whether
baseline RAAS inhibitor use was associated with COVID-19
health outcomes, including (1) in-hospital mortality, (2)
need for intensive care unit (ICU) admission (3) acute
respiratory failure requiring invasive mechanical ventilation (iMV) and (4) same-hospital readmission for any
cause among survivors of the COVID-19 index hospitalisation. We also assessed whether the association between
RAAS inhibitor use and mortality differed by race.

Open access

RESULTS
Among 1024 patients, admitted to UAB hospital with
COVID-19 (mean (SD) age, 57 (18.8) years), 532 (52%)
were African American, 514 (50 %) were male, 493 (48
%) had hypertension, 323 (32 %) had heart failure, 487
(48 %) were obese, 210 (20.5%) had diabetes and 98 (11
%) were current smokers (table 1). There were 365 (36%)
patients taking RAAS inhibitors at baseline. Patients with
baseline RAAS use were older, more likely to be African
American, and had more comorbidities.
The median length of stay (LOS) for the index
COVID-19 hospitalisation was 7 days, (IQR 4–15 days).
Maximum LOS was 175 days. Sixty per cent of included
COVID-19 cases were admitted after the initial surge in
Birmingham, between 15 July 2020 and 16 September
2020. During the index hospitalisation, 137 (13.4%)
patients died. Additionally, 16 (1.8%) patients died
from any cause postdischarge, either during a hospital
readmission or out of the hospital. Cumulative all-cause
mortality included 153 (14.9%) deaths. At the time of
the cohort assembly on 16 September 2020, 23 patients
Khodneva Y, et al. BMJ Open 2022;12:e053961. doi:10.1136/bmjopen-2021-053961

remained in the hospital. During the index hospitalisation 466 (45.5%) patients required ICU care, and 276
(27%) persons required iMV. The proportion of patients
who were intubated was higher in the early period, before
15 July, compared with the period of after 15 July 2020,
when placing the patient with respiratory failure on high
flow nasal canula became a preferred treatment strategy:
201 (32.4%) vs 75 (18.6), p<0.001.
In-hospital COVID-19 mortality and RAAS use
The median time to death was 13 days (IQR 6–20 days).
In the overall study sample, baseline RAAS inhibitor use
was associated with significantly reduced risk of in-hospital mortality (adjusted HR (aHR) 0.56, 95% CI 0.36
to 0.88), p=0.01, after adjustment for all covariates)
(figure 1). A similar protective effect of RAAS inhibitor
use on mortality was observed among patients with any
indication for RAAS inhibitor use (aHR (95% CI) for
RAAS inhibitor use 0.59, 95% CI 0.37 to 0.94, p=0.03)
and among patients with hypertension (aHR for RAAS
use 0.54, 95% CI 0.33 to 0.90, p=0.02). We did not observe
effect modification by race in the overall sample. The
RAAS inhibitor use*race interaction term had associated
p=0.81. Compared with Whites, African American race was
not associated with in-hospital mortality from COVID-19
in the adjusted model (aHR 0.88, 95% CI 0.60 to 1.29, p
for trend 0.55) (table 2). Other factors associated with
increased cumulative mortality in our sample included
age 65–74 years (aHR 3.67 (95% CI 1.85 to 7.31)), age
75 years and older (aHR 4.89 (95% CI 2.36 to 10.14)),
obesity (aHR 2.10 (95% CI 1.34 to 3.29)) and pre-existing
heart failure (aHR 1.88 (95% CI 1.20 to 2.94)) (table 2).
COVID-19 in-hospital events and RAAS inhibitor use
RAAS inhibitor use was not associated with the need
for ICU in all analyses (figure 2.) In the overall patient
sample, RAAS use was not associated with iMV, aOR 0.71
(95% CI 0.48 to 1.06) (figure 3). In contrast, among
patients with hypertension, baseline RAAS inhibitor
use was significantly associated with reduced odds of
iMV after adjustment for covariates (aOR 0.58 (95% CI
0.36 to 0.95), p=0.03). African Americans admitted with
COVID-19 were more likely to have respiratory failure,
requiring iMV: aOR 1.58 (95% CI 1.01 to 2.31), p=0.02.
Other factors associated with the increased risk of iMV
19-
related respiratory failure included
for the COVID-
current cigarette smoking (aOR 1.80 (95% CI 1.08 to
3.02), p=0.03), pre-existing heart failure (aOR 2.32 (95%
CI 1.45 to 3.71), p<0.001) and being admitted to UAB
before 15 July 2020 (aOR 1.97 (95% CI 1.39 to 2.79),
p<0.0010.
Same-hospital 90-day readmissions among COVID-19
survivors
Over a median follow-up of 51 (IQR 28–82) days, 170
(19.2%) of 887 discharged patients were readmitted to
the same hospital for any cause (table 1). Among those
who were rehospitalised, the median time to readmission
3
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prescribed RAAS inhibitors using two-
sided t-
tests for
continuous variables and χ2 tests for categorical variables.
We examined the association of RAAS inhibitor use with
study outcomes in three different samples: (1) overall
sample, (2) patients with any indication for RAAS inhibitor use, such as hypertension, diabetes, chronic kidney
disease, coronary artery disease or heart failure and (3)
patients with hypertension. Outcomes were assessed with
unadjusted and multivariable models. To examine the
association of in-hospital mortality from COVID-19 with
baseline RAAS inhibitor use we constructed Cox proportional hazards regression models adjusted for age, sex,
race, marital status, smoking, BMI and medical conditions. We created an interaction term between RAAS use
and race to test for effect modification by race in the fully
adjusted models of COVID-19 in-hospital mortality. The
need for ICU and the presence of respiratory failure were
examined separately in logistic regression models, with
adjustment for the same patient characteristics and for
the time of admission (before vs after 15 July 2020).
We examined the charts of the survivors of the index
COVID-19 admission postdischarge for a same-hospital
readmission for any cause using medical records. The
EHR data were abstracted for any subsequent in-hospital
and outpatient encounter after the index hospitalisation
and UAB hospital readmission dates were extracted. The
time to readmission was calculated using index discharge
data and readmission date. To examine the association
between baseline RAAS use and readmissions, we used
the Fine and Gray model to account for competing risk
of death in the post-discharge period that was adjusted
for the same patient characteristics. The proportionality
assumption was tested and satisfied in the Cox proportion
hazards models. All statistical analyses were performed in
SAS software (SAS Institute) V.9.4,

Open access

Overall sample,
n=1024

ACEi/ARB use,
No ACEi/ARB Use, n=659 n=365

n, (%)

n, (%)

n, (%)

57.0 (18.8)

53.3 (19.7)

63.7 (14.9)

  
18–40

241 (23.5)

211 (32.0)

30 (8.2)

  
41–64

395 (38.6)

234 (35.5)

161 (44.1)

P value

Sociodemographics
 Age, mean, SD, years
 Age, categories, years

<0.001
<0.001

  
65–74

202 (19.7)

110 (16.7)

92 (25.2)

  75 and older

186 (18.2)

104 (15.8)

82 (22.5)

  
White

384 (37.5)

254 (38.5)

130 (35.6)

  
African American

532 (52.0)

318 (48.3)

214 (58.6)

<0.001

 Race

  Hispanic or Latino

63 (6.2)

57 (8.6)

6 (1.6)

  
Other

20 (2.0)

12 (1.8)

8 (2.2)

  Declined to report

25 (2.4)

18 (2.7)

7 (1.9)

 Male

514 (50.2)

319 (48.4)

195 (53.4)

0.12

 Married

414 (40.4)

270 (41.0)

144 (39.5)

0.64

 Smoking status
  
Never

0.09
533 (59.6)

344 (62.3)

  
Current

98 (10.9)

58 (10.5)

189 (55.1)
40 (11.7)

  
Former

264 (29.5)

150 (27.2)

114 (33.2)

Comorbidities
 Body mass index (BMI), kg/m2
  
Underweight, BMI <18.5

0.24
27 (2.7)

16 (2.5)

11 (3.1)

  Normal Weight, BMI=18.5–24

227 (22.5)

159 (24.5)

68 (18.9)

  
Overweight, BMI=25–30

268 (26.6)

168 (25.8)

100 (27.9)

  Obese, BMI=30 and above

487 (48.3)

307 (47.2)

180 (50.1)

 Hypertension

493 (48.1)

204 (31.0)

289 (79.2)

<0.001

 Coronary artery disease

340 (33.2)

149 (22.6)

191 (52.3)

<0.001

 Diabetes

210 (20.5)

71 (10.8)

139 (38.1)

<0.001

 COPD

138 (13.5)

52 (7.9)

86 (23.6)

<0.001

 Heart failure

323 (31.5)

131 (19.9)

192 (52.6)

<0.001

 Chronic kidney disease

186 (51.0)

<0.001

51 (14.0)

<0.001
0.71

325 (31.7)

139 (21.1)

 HIV positive status

75 (7.3)

24 (3.6)

 Sickle cell disease

10 (1.0)

7 (1.1)

3 (0.8)

 Recipient of solid-organ transplant

40 (3.9)

16 (2.4)

24 (6.6)

0.001

In-hospital events
 Admission after 15 July 2020

621 (60.6)

398 (60.4)

223 (61.1)

0.83

 Required intensive care unit

466 (45.5)

287 (43.6)

179 (49.0)

0.09

 Invasive mechanical ventilation

276 (27.0)

179 (27.2)

97 (26.6)

0.84

41 (11.2)

0.13

 In-hospital death

137 (13.4)

Postdischarge events among the survivors of the index
admission

n=877

 All-cause same-hospital readmission (during 1 March
2020–16 September 2020)

170 (19.2)

 Death from any cause after index admission
 Cumulative mortality (death during 1 March 2020–16
September 2020)

16 (1.8)
153 (14.9)

96 (14.6)
n=563
97 (16.7)
9 (1.0)
105 (15.9)

n=324
76 (23.5)

0.01

7 (2.2)

0.54

48 (13.2)

0.23

ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; UAB, University of Alabama
at Birmingham .
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Table 1 Characteristics of patients, admitted to UAB hospital with COVID-19, between 1 March 2020 and 16 September
2020

Open access

Among patients with indications for
ACEi/ARBs, n=595

Among patients
with HTN, n=493

1

0.8

0.6

0.4

0.2

0

Crude

0.78(0.54-1.13)

Adjusted
0.56(0.36-0.88)

Crude
0.71 (0.48-1.11)

Adjusted
0.59(0.37-0.94)

Crude
0.63(0.41-0.96)

Adjusted
0.54(0.33-0.90)

Figure 1 COVID-19 in-hospital mortality, HR, 95% CIs for ACE inhibitors/angiotensin receptor blocker (ACEi/ARB) use.
Figure 1 presents crude and adjusted HRs and 95% CIs for in-hospital COVID-19 mortality. Indications for ACEi/ARB use
included HTN, chronic kidney disease, coronary artery disease, diabetes and heart failure. Overall model adjusts for age, race,
sex, marital status, smoking, BMI categories and medical conditions: HTN, chronic kidney disease, coronary artery disease,
diabetes, heart failure, HIV, COPD, history of solid organ transplant. among those with indication for RAAS inhibitor, model
adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions: HIV, COPD, history of solid organ
transplant. Among those with HTN, model adjusts for age, race, sex, marital status, smoking, BMI categories and medical
conditions: chronic kidney disease, coronary artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; HTN, hypertension, RAAS, renin–
angiotensin–aldosterone system.

following the index discharge was 10 days (IQR 4–29
days). The proportion of persons with same-hospital readmission among those with baseline RAAS inhibitor use
was 23.5%, compared with 16.7% among those who were
not prescribed RAAS inhibitors (p=0.01) (table 1). In the
fully adjusted Cox proportional models, accounting for
death as a competing risk, baseline RAAS agent use was
not associated with readmissions (table 3). Compared
with white patients, patients of the Hispanic/Latino/
Asian or other race/ethnicity were less likely to be readmitted (aHR 0.42, 95% CI 0.20 to 0.90). African American race was not statistically significantly associated with
hospital readmission (aHR 1.11, 95% CI 0.78 to 1.60).
Among the chronic medical conditions only diabetes was
significantly associated with higher risk for same-hospital
Khodneva Y, et al. BMJ Open 2022;12:e053961. doi:10.1136/bmjopen-2021-053961

readmission after the index COVID-19 admission (aHR
1.56, 95% CI 1.02 to 2.94).
DISCUSSION
This study presents data from 1024 patients with COVID-19
admitted to a teaching hospital in Alabama. Results
of this study support the safety of maintaining patients
with chronic conditions on ACEis and ARBs during the
COVID-19 pandemic and expands previous reports by
demonstrating the protective effect of the ACEis/ARBs
from mortality in a racially diverse sample of patients with
COVID-19. Among patients with hypertension, the use of
ACEis/ARsB prior to contracting COVID-19 was associated with a reduction in the likelihood of endotracheal
5
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Overall, n=1,024

1.2

Open access

aHR

95% CI

ACEi/ARB use
Age, years

0.56

0.36

 18–40

ref

 40–64

1.69

0.82

3.52

 65–74

4.07

2.10

9.24

 
75 and older

5.53

2.52

12.14

–

P value
0.88
–

–

Race:
 African
American

0.01
<0.001

0.55
0.88

0.60

1.29

 Hispanic/Latino/ 0.68
Asian/other

0.32

1.45

 White

ref

Male

1.43

0.97

2.10

0.07

Married

0.91

0.63

1.34

0.64

Current smoker

1.04

0.51

2.14

0.91
0.001

Body mass index,
kg/m2:
 <18.5

1.91

 18.5–24

ref

 25–29
 30 and above

0.63

5.79

1.39

0.81

2.37

2.50

1.54

4.06

Hypertension

0.91

0.52

1.57

0.73

Coronary artery
disease

0.78

0.57

1.20

0.26

Chronic kidney
disease

0.87

0.54

1.38

0.54

Heart failure

1.96

1.21

3.15

0.006

Diabetes

1.07

0.62

1.84

0.98

COPD

1.07

0.58

1.95

0.84

HIV
Solid-organ
transplant
recipient

1.51
1.56

0.76
0.61

3.03
3.96

0.23
0.35

Multivariable-adjusted Cox proportional hazards regression model.
ACEi, ACE inhibitor; aHR, adjusted HR; ARB, angiotensin receptor
blocker; COPD, chronic obstructive pulmonary disease.

intubation by nearly 40%. Further, ACEi/ARB use was
not associated with greater need for ICU-level care or
with an increase in the same-hospital readmissions.
Baseline use of ACEi/ARB was associated with 40%
lower in-hospital mortality in patients with COVID-19,
after controlling for potential confounders such as age,
sex, race, obesity, smoking and chronic medical conditions. These results were similar in the sample of patients
who had any indication for RAAS inhibitors, and in
patients with hypertension. Previous research has shown
no association between the use of RAAS inhibitors and
6

19,20 and has demonstrated
susceptibility to COVID-
the safety of continuing these medications during the
pandemic.10 11 21 Similary to our results, in 1.4 million
patients with hypertension, heart failure, diabetes, kidney
disease or ischaemic heart disease registered in the
Swedish National Patient Registry, ACEi/ARB use was
associated with a reduced mortality in COVID-19 cases
(aHR 0.89, 95% CI (0.82 to 0.96)).22 Our study expands
on previous findings by demonstrating both safety and
reduction in COVID-19-related mortality associated with
RAAS inhibitor use in a racially diverse sample where 50%
of patients were African American. Potential mechanisms
of protective effects of ACEi/ARB in COVID-19 are not
well understood. One of the potential explanations of the
decreased mortality among patients on ACEi/ARB medications prior to COVID-19 is that patients’ chronic conditions were better controlled before the infection, which,
in turn, reduced complications of COVID-19. Another
body of research suggests that prolonged RAAS use may,
in fact, downregulate ACE2 receptor expression, limit
inflammation and reduce lung injury in COVID-19.23–25
Unfortunately, the design of our study does not allow us
to prove or disapprove this hypothesis.
Half of the patients hospitalised with the COVID-19
infection in our sample were African American, whereas
the proportion of African Americans in Alabama is only
26.7%. This finding highlights the racial disparity in the
COVID-19 pandemic, in which a higher proportion of
African Americans developed severe COVID-
19 infection, requiring hospitalisation,26 compared with Whites.
African Americans were also more likely to require iMV in
our study. However, similar to other studies of COVID-19
outcomes in the US,27 race was not an independent
predictor of death or hospital readmission in our study.
Our findings confirm previous observations that
advanced age, obesity, and comorbidities are associated with death from COVID-19.16 28 Importantly, more
than 30% of our patient sample admitted with severe
COVID-19 had pre-existing heart failure, a rate almost 10
times higher than the prevalence of heart failure in the
general population. Heart failure was the only chronic
condition, in addition to age and obesity in our sample,
that was independently associated with increased in-hospital mortality from complications related to COVID-19.
Patients with heart failure were also at increased risk of
developing respiratory failure, requiring iMV. These
represent a particularly vulnerable group requiring
special attention from healthcare to reduce mortality and
morbidity from the COVID-19.29 30
The rate of same-
hospital readmissions among
COVID-19 survivors was 19%, similar to that in a recent
study of the patients with COVID-
19, treated in the
Veterans Affairs hospital system31 but higher, than in
other reports estimating that only 3%–10% of patients
were rehospitalised after the index COVID-
19 admission.32 33 The high rates of hospital readmission in our
study sample may be explained by the high level of
chronic disease prevalence and worse general health in
Khodneva Y, et al. BMJ Open 2022;12:e053961. doi:10.1136/bmjopen-2021-053961
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Table 2 Factors, associated with in-hospital mortality
among patients with COVID-19, admitted to UAB Hospital,
between 1 March 2020 and 16 September 2020

Open access

1.6

1.4
1.2

1
0.8

0.6
0.4

Overall

Among patients
with indications for
ACEi/ARBs combined

Among patients
with HTN

0.2
0

Crude

Adjusted

1.25(0.97-1.61) 0.81(0.58-1.14)

Crude

Adjusted

1.11 (0.80-1.52) 1.02(0.71-1.48)

Crude

Adjusted

0.97(0.68-1.39)

0.82(0.54-1.26)

Figure 2 Intensive care use, OR, 95% CI for ACE inhibitor/angiotensin receptor blocker (ACEi/ARB) use. Figure 2 presents
crude and adjusted ORs and 95% CIs for in-hospital COVID-19 mortality. Indications for ACEi/ARB use included HTN, chronic
kidney disease, coronary artery disease, diabetes and heart failure. Overall model adjusts for age, race, sex, marital status,
smoking, BMI categories, and medical conditions: HTN, chronic kidney disease, coronary artery disease, diabetes, heart failure,
HIV, COPD, history of solid organ transplant. Among those with indication for RAAS inhibitor, model adjusts for age, race, sex,
marital status, smoking, BMI categories and medical conditions: HIV, COPD, history of solid organ transplant. Among those with
HTN, model adjusts for age, race, sex, marital status, smoking, BMI categories and medical conditions: chronic kidney disease,
coronary artery disease, diabetes, heart failure, HIV, COPD, history of solid-organ transplant. BMI, body mass index; COPD,
chronic obstructive pulmonary disease;
Abbreviations: ICU, intensive care unit; BMI, body mass index; COPD, chronic obstructive pulmonary disease; HTN,
hypertension, RAAS, renin–angiotensin–aldosterone system.

the general population of Alabama. Importantly, diabetes
was significantly associated with increased re-admission
risk among COVID-19 survivors. Alabama has the third
highest prevalence of diabetes among adults (14%) in the
USA, according to the National Diabetes Statistics Report-
2020 by the Centers of Disease Control. Our findings are
likely to extend to states with a similar high prevalence of
diabetes mellitus and underscore the importance of close
outpatient follow-up of this at-risk population.
Study limitations include limited geographical area and
single hospital site. The data on out-of-hospital mortality
and same-hospital readmissions may be incomplete, as
some COVID-
19 patients may have been readmitted
to other area hospitals. On average 30% of patients

originally admitted to the UAB hospital are readmitted to
other hospitals. The observational retrospective nature of
this study does not allow drawing causal inferences. Additionally, residual unmeasured confounding, such as socioecomonic status, may influence study results. EHR data
regarding pre-existing medical conditions and smoking
may be incomplete. Strengths of the study include a large
racially diverse sample from the US Southeast, a region
disproportionally affected by COVID-19 and high prevalence of multiple comorbidities. Further, we were able to
develop a robust approach to extraction of data from EHR
and assemble a cohort of the patients with COVID-19.
In conclusion, in this retrospective study, the use of
RAAS inhibitors was associated with decreased in-hospital
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ICU Admission, Odds Ratio, 95% CI
for baseline ACEi/ARB use

Open access

1.4
1.2
1
0.8
0.6
0.4
0.2
0

Overall
N=1,024

Crude

0.97(0.73-1.39)

Adjusted
0.71(0.49-1.06)

Among patients
with indications for
ACEi/ARBs n=595

Crude

Among patients
with HTN n= 493

Adjusted

0.90 (0.63-1.29)

0.77(0.51-1.18)

Crude
0.74(0.50-1.09)

Adjusted
0.58(0.36-0.95)

Figure 3 Respiratory failure, requiring invasive mechanical ventilation, OR, 95% CIs, for ACE inhibitor/angiotensin receptor
blocker (ACEi/ARB) use. Indications for ACEi/ARB use include HTN, chronic kidney disease, coronary artery disease, diabetes
and heart failure. Overall model adjusts for age, race, sex, marital status, smoking, BMI categories, and medical conditions:
HTN, chronic kidney disease, coronary artery disease, diabetes, heart failure, HIV, COPD, history of solid organ transplant, time
of admission (before vs after 15 July 2020). Among those with indication for RAAS inhibitor, model adjusts for age, race, sex,
marital status, smoking, BMI categories and medical conditions: HIV, COPD, history of solid-organ transplant, time of admission
(before vs after 15 July 2020). Among those with HTN, model adjusts for age, race, sex, marital status, smoking, BMI categories
and medical conditions: chronic kidney disease, coronary artery disease, diabetes, heart failure, HIV, COPD, history of solid
organ transplant, time of admission (before vs after 15 July 2020).
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; HTN, hypertension; RAAS, renin–
angiotensin–aldosterone system.

mortality from COVID-19 in a racially diverse sample.
RAAS inhibitor use was not associated with ICU-level care
or hospital readmissions in the cohort of patients with
COVID-19, while patients with diabetes were at a high
risk for same-hospital readmission. Among patients with
hypertension, baseline RAAS inhibitor use was associated
with a reduced risk of iMV. This retrospective study may
support the continuation of RAAS inhibitors during the
COVID-19 pandemic unless there are contraindications
for these pharmacological agents.
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