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Abstract

Objective: Association of angiotensin-converting enzyme inhibitors (ACEIl) or angiotensin
receptor blockers (ARB) use with coronavirus disease 2019 (COVID-19) remains controversial.
We aimed to investigate the impact of ACEI/ARB use on all-cause mortality in severe COVID-19
patients with hypertension.

Methods: We enrolled 650 COVID-19 patients from Changsha and Wuhan city between 17
January 2020 and 8 March 2020. Demographic, clinical characteristics, and outcomes were col-
lected. Multivariable analysis and propensity-score matching were performed to assess the impact
of ACEI/ARB therapy on mortality.
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Results: Among the 650 patients, 126 who had severe COVID-19 concomitant with hyperten-
sion were analyzed. The average age was 66 years and 56 (44.4%) were men. There were 37
ACEI/ARB users and 21 in-hospital deaths (mortality rate, 16.7%). Male sex (odds ratio [OR],
5.13; 95% confidence interval [CI], 1.75 to 17.8), but not ACEI/ARB use (OR, 1.09; 95%ClI, 0.31
to 3.43), was an independent risk factor for mortality in severe COVID-19 patients with hyper-
tension. After propensity-score matching, 60 severe COVID-19 patients were included and no
significant correlation between use of ACEI/ARB and mortality was observed.

Conclusions: There was no significant association of ACEI/ARB use with mortality in severe
COVID-19 patients with hypertension. These findings support the continuation of ACEI/ARB

therapy for such patients.
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Introduction

In late 2019, a novel coronavirus disease
2019 (COVID-19) was identified in
Wuhan, China, and this disease is caused
by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2)."> COVID-19 has
since developed into a global pandemic, and
it has brought significant challenges to
human society. Angiotensin-converting
enzyme 2 (ACE2), which is both the cell
entry receptor of SARS-CoV-2* and a
member of the renin—angiotensin system
(RAS), plays a crucial role in SARS-CoV-
2 infection and blood pressure regulation
(Figure 1). ACE inhibitors (ACEI) and
angiotensin receptor blockers (ARB),
which are two RAS inhibitors, are com-
monly prescribed drugs for hypertension.*
On the one hand, some studies show that
ACEI/ARB increases ACE2 expression,
which plays a role in promoting viral cell
entry and disease progression in hyperten-
sive patients.”® On the other hand, evidence
confirms that the binding of SARS-Cov
Spike protein to ACE2 downregulates
ACE2 expression and causes acute lung

injury, but it can be attenuated by ARB.”
Similarly, RAS inhibitors may promote
both viral cell entry and lung injury inter-
vention by enhancing ACE2 expression
(Figure 1). Therefore, the impact of RAS
inhibitors use on the clinical condition of
COVID-19 patients is conflicting and
remains to be further explored.

Multiple studies have investigated the
effects of ACEI/ARB use on COVID-19
patients.*'® Some studies consistently pro-
posed that ACEI/ARB therapy does not
affect the risk of SARS-CoV-2 infec-
tion®*!215 or the risk of developing severe
disease.'®!'>!* However, no unanimous con-
clusion has been reached regarding the
impacts of ACEI/ARB therapy on the risk
of death. Death often occurs in severe
COVID-19 patients with comorbidities such
as hypertension.'”'® There is a lack of clinical
data on the association of ACEI/ARB use
with mortality in severe COVID-19 patients.
Therefore, this study was performed to inves-
tigate whether ACEI/ARB administration
influences all-cause mortality in severe
COVID-19 patients with hypertension.
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Figure |. The renin—angiotensin system and SARS-COV-2 infection.

AGT, angiotensinogen; Ang |, angiotensin I; Ang ll, angiotensin ll; Ang-(1-7), angiotensin-(1-7); ATIR,
angiotensin Il type | receptor; ACE, angiotensin-converting enzyme; ACE2, angiotensin-converting enzyme
2; ACElI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; SARS-CoV-2, severe

acute respiratory syndrome coronavirus 2.

Methods

Patients and study design

This retrospective observational study
enrolled 650 COVID-19 patients who were
admitted to the Public Health Treatment
Center of Changsha and Tongji Hospital,
Tongji Medical College of Huazhong
University of Science & Technology
between 17 January 2020 and 8 March
2020. Severe COVID-19 patients with con-
comitant hypertension were selected and
further analyzed. Demographic, clinical
characteristics, drug use for comorbidities,
and outcomes were collected. Clinical
characteristics  included comorbidities,

symptoms, and time from illness onset
to admission. The study was approved
by the institutional ethics board at the
Second Xiangya Hospital, Central South
University (No. 2020001 and No. 2020026).
Written informed consent was obtained
from all patients during hospitalization.
COVID-19 was confirmed using next-
generation sequencing or real-time reverse
transcription-polymerase chain reaction
(RT-PCR) in specimens from the respirato-
ry tract.! COVID-19 patients with severe
events included both severe and critically
ill patients who met one of the following:
respiratory rate >30/minute; finger oxygen
saturation at rest <93%; oxygenation index
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(arterial blood oxygen partial pressure/
oxygen concentration) <300 mmHg;
mechanical ventilation; shock; or intensive
care unit admission because of other organ
failure."” All hypertensive patients were
diagnosed before admission, and they self-
reported this condition.

Definition of antihypertensive drug
administration

Antihypertensive drugs were categorized as
follows: ARB, ACEI, calcium channel
blockers, Dbeta-blockers, and diuretics.
Antihypertensive drug administration was
defined as taking medication regularly as
recommended by doctors until admission.
Compound antihypertensive agents were
determined by the active ingredients.

Propensity-score matching analysis

Propensity-score matching was used to min-
imize the effect of potential confounders.
ACEI/ARB users were matched 1:1 with
non-ACEI/ARB users on the basis of age,
sex, coronary heart disease, and statin use
using exact matching with a caliper size of
0.02. Propensity-score matching was per-
formed wusing EmpowerStats (Solutions,
Inc., Boston, MA, USA, R 3.4.3).

Statistical analysis

Continuous variables with a normal distri-
bution were expressed as the mean and
standard deviation (SD) and compared
using an independent group ¢-test. Non-
normally distributed continual variables
were described using the median and inter-
quartile range and compared using
the Mann—Whitney U-test. Categorical
variables were described as numbers and
percentages and compared using the
Pearson chi-square test or Fisher’s exact
test. The adjusted odds ratios (OR) and
the corresponding 95% confidence intervals

(CI) were calculated in the multivariable
analysis.

To analyze the impact of treatment with
ACEI/ARB on mortality in severe COVID-
19 patients with hypertension, binary mul-
tivariate logistic regression analysis was
performed. Statistically significant variables
in the univariate analysis and some known
confounders were included in the multivar-
iate model. Statistical analyses were con-
ducted using IBM SPSS Statistics 22.0
(IBM Corp., Armonk, NY, USA). A two-
sided o of less than .05 was considered to be
statistically significant.

Results

As of 8 March 2020, 126 severe COVID-19
patients with hypertension in Changsha and
Wuhan city were included in the analysis.
The average age was 66 years, and 46
(36.5%) patients were older than 70 years
old. There were 56 (44.4%) men, 37
(29.4%) ACEI/ARB users, and 21 in-
hospital deaths (mortality rate, 16.7%).
Clinical characteristics and outcomes were
included and compared between ACEI/
ARB users and non-ACEI/ARB users, as
shown in Table 1. Patients with and without
ACEI/ARB therapy had similar comorbid-
ities except for coronary artery disease, clin-
ical symptoms, and time from illness onset
to admission. ACEI/ARB wusers had a
higher prevalence of coronary artery disease
and a higher proportion of patients who
were administered the corresponding drugs
such as statins and antiplatelet drugs than
those patients who did not use ACEI/ARB.

To analyze the risk factors for death, 126
severe COVID-19 patients were divided
into the following two groups: survivors
(n=21) and non-survivors (n=105). The
characteristics of these two groups were
compared (Table 2). Death was more
common in men compared with women
(p=0.001), and non-survivors were older
than survivors (p=0.035). ACEI/ARB
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Table |. Characteristics of severe COVID-19 patients with hypertension in the ACEI/ARB and non-ACEl/
ARB groups.

All patients ACEI/ARB Non-ACEI/ARB

(n=126) (n=37) (n=89) p value
Age, mean (SD), years 66.3 (10.6) 65.6 (11.6) 66.6 (10.1) 0.628
<70 80 (63.5) 22 (59.5) 58 (65.2) 0.544
>70 46 (36.5) 15 (40.5) 31 (34.8)
Sex, male, n (%) 56 (44.4) 16 (43.2) 40 (44.9) 0.861
Other comorbidities, n (%)
Diabetes 41 (32.5) 11 (29.7) 30 (33.7) 0.664
Coronary artery disease 21 (16.7) 11 (29.7) 10 (11.2) 0.011
Chronic pulmonary disease 8 (6.3) 381 5 (5.6) 0.602
Cerebrovascular disease 10 (7.9) 381 7 (7.9) 1.000
Malignant tumors 8 (6.3) 3 (8.1 5 (5.6) 0.692
Chronic hepatorenal disease 3(24) 0 (0) 3 (34 0.555
Symptoms, n (%)
Fever 96 (76.2) 29 (78.4) 67 (75.3) 0.710
Cough 86 (68.3) 22 (59.5) 64 (71.9) 0.172
Expectoration 39 (31.0) 6 (11.5) 33 (37.1) 0.021
Fatigue 56 (444) 19 (51.4) 37 (41.6) 0.314
Chill 26 (20.6) 6 (16.2) 20 (22.5) 0.429
Anorexia 30 (23.8) 9 (24.3) 21 (23.6) 0.930
Myalgia 28 (22.2) 9 (24.3) 19 (21.3) 0.714
Dyspnea 69 (54.8) 17 (45.9) 52 (58.4) 0.200
Pharyngalgia 7 (5.6) I (2.7) 6 (6.7) 0.673
Diarrhea 45 (35.7) 10 (27.0) 35 (39.3) 0.189
Time from onset to admission, median (IQR), days 19 (I15.1) 10 (6.0-13.0) 9 (5.0-14.0) 0818
>10 61 (484) 19 (51.4) 42 (47.2) 0.670
<I0 65 (51.6) 18 (48.6) 47 (52.8)
Treatment, n (%)
Beta-blocker 15 (11.9) 6 (16.2) 9 (10.1) 0.371
CCB 96 (76.2) 21 (56.8) 75 (84.3) 0.001
Diuretic 5 (4.0 4 (10.8) I (I.1) 0.026
Statins Il (8.7) 9 (24.3) 2 (2.2) <0.001
Antidiabetic 30 (23.8) 7 (18.9) 23 (25.8) 0.406
Antiplatelet drugs 18 (14.3) 11 (29.7) 7 (7.9) 0.001
Deaths 21 (16.7) 6 (16.2) 15 (16.9) 0.930

COVID-19, coronavirus disease 2019; SD, standard deviation; IQR, interquartile range; ACEI, angiotensin converting
enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.

administration was not significantly differ- To further investigate the impact of
ent between survivors and non-survivors in ACRI/ARB use on mortality in severe
the univariable analysis (29.5% vs. 28.6%). COVID-19 patients with hypertension, we
Other comorbidities, clinical symptoms, included ACEI/ARB, age >70 years, sex,
and the median time from illness onset to coronary artery disease, and statin use in
admission were also not significantly differ- the multivariable logistic model. Only
ent between these groups. male sex (adjusted OR, 5.49; 95% CI, 1.78
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Table 2. Characteristics of severe COVID-19 patients with hypertension between

survivors and non-survivors.

Survivors Non-survivors
(n=105) (n=2I) p value
Age, mean (SD), years 65.4 (10.6) 70.8 (9.4) 0.035
<70 70 (66.7) 10 (47.6) 0.098
>70 35 (33.3) Il (52.4)
Sex, male, n (%) 40 (38.1) 16 (76.2) 0.001
Other comorbidities, n (%)
Diabetes 36 (34.3) 5(23.8) 0.350
Coronary artery disease 16 (15.2) 5(23.8) 0.344
Chronic pulmonary disease 5 (4.8) 3 (14.3) 0.128
Cerebrovascular disease 10 (9.5) 0 (0) 0.211
Malignant tumors 7 (6.7) | (4.8) 1.000
Chronic hepatorenal disease 1 (1.0) 2 (9.5) 0.072
Symptoms, n (%)
Fever 78 (74.3) 18 (85.7) 0.262
Cough 70 (66.7) 16 (76.2) 0.392
Expectoration 31 (29.5) 8 (38.1) 0.438
Fatigue 46 (43.8) 10 (47.6) 0.748
Chill 20 (19.0) 6 (28.6) 0.377
Anorexia 22 (21.0) 8 (38.1) 0.092
Myalgia 21 (20.0) 7 (33.3) 0.248
Dyspnea 54 (51.4) 15 (71.4) 0.093
Pharyngalgia 6 (5.7) | (4.8) 1.000
Diarrhea 37 (35.2) 8 (38.1) 0.803
Time from onset to admission, 10 (5.5-14.0) 7 (5.0-10.5) 0.425
median (IQR), days
>10 53 (50.5) 6 (38.1) 0.300
<l0 52 (49.5) 13 (61.9)
Treatment, n (%)
ACEI/ARB administration 31 (29.5) 6 (28.6) 0.930
Beta-blocker 14 (13.3) | (4.8) 0.463
CCB 81 (77.1) 15 (71.4) 0.575
Diuretic 5(4.8) 0 (0) 0.589
Statins 9 (8.6) 2 (9.5) 1.000
Antidiabetic 26 (24.8) 4 (19.0) 0.575
Antiplatelet drugs 14 (13.3) 4 (19.0) 0.500

COVID-19, coronavirus disease 2019; SD, standard deviation; IQR, interquartile range; ACEI,
angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium

channel blockers.

to 16.94) was an independent risk factor for
death (Figure 2). We observed no signifi-
cant association between ACEI/ARB and
mortality in severe COVID-19 patients
with hypertension (adjusted OR, 0.88;
95% CI, 0.28 to 2.80).

To increase the credibility of the conclu-
sion, we also performed propensity-score
matching. Thirty ACEI/ARB users and 30
non-ACEI/ARB users (1:1) were matched,
and their characteristics were summarized
in Table 3. Age, sex, comorbidities, and
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Risk factor

Age>70 years

Coronary artery disease

Male sex

ACEI/ARB

Statins

—

OR (95% CI)

5.49 (1.78-16.94)
1.83 (0.66-5.07)
2.03 (0.45-9.08)
0.88 (0.28-2.80)

1.06 (0.11-10.06)

-4
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Figure 2. Multivariable analysis of risk factors for death in severe COVID-19 patients with hypertension.
COVID-19, coronavirus disease 2019; OR, odds ratio; Cl, confidence interval; ACEl, angiotensin-converting
enzyme inhibitors; ARB, angiotensin receptor blockers.

Table 3. Characteristics and clinical outcomes of severe COVID-19 patients with hypertension after

propensity-score matching.

ACEI/ARB Non-ACEI/ARB
(n=30) (n=30) p value
Age, mean (SD), years 64.4 (11.8) 67.8 (11.5) 0.257
<70 18 (60.0) 15 (50.0) 0.436
>70 12 (40.0) 15 (50.0)
Sex, male, n (%) 15 (50.0) 17 (56.7) 0.605
Other comorbidities, n (%)
Diabetes 8 (26.7) 8 (26.7) 1.000
Coronary artery disease 5 (16.7) 5 (16.7) 1.000
Chronic pulmonary disease 3 (10.0) 3 (10.0) 1.000
Cerebrovascular disease 2 (6.7) 2 (6.7) 1.000
Malignant tumors 2 (6.7) 0 (0.0) 0.492
Chronic hepatorenal disease 0 (0.0) I (3.3) 1.000
Time from onset to admission,
median (IQR), days
>10 14 (46.7) 14 (46.7) 1.000
<I0 16 (53.3) 16 (53.3)
Treatment, n (%)
Beta-blocker 4(13.3) 4 (13.3) 1.000
CCB 18 (60.0) 25 (83.3) 0.045
Diuretic 3 (10.0) I 3.3) 0.612
Statins 2 (6.7) 2 (6.7) 1.000
Antidiabetic 5(16.7) 5(16.7) 1.000
Antiplatelet drugs 7 (23.3) 3 (10.0) 0.299
Deaths 5(16.7) 6 (20.0) 0.739

COVID-19, coronavirus disease 2019; SD, standard deviation; IQR, interquartile range; ACEI, angiotensin converting
enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers.
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drugs that were used for comorbidities were
similar between ACEI/ARB users and non-
ACEI/ARB users after propensity-score
matching. Additionally, ACEI/ARB use
did not correlate with mortality in severe
COVID-19 patients with hypertension
(16.7% vs. 20.0%).

Discussion

In this retrospective study, we found that
there was no significant association between
ACEI/ARB use and mortality in severe
COVID-19 patients with hypertension
after adjusting for potential confounders
in the multivariable analysis and the
propensity-score matching analysis.

The COVID-19 pandemic has raised
some serious challenges, and hypertension
correlated with both severity and mortali-
ty.!7-2021 Therefore, better management of
hypertensive patients is of great importance
to reduce mortality and improve the overall
prognosis of COVID-19 patients. In the
multivariable analysis, male sex was an
independent risk factor for in-hospital
death in severe COVID-19 patients, which
was reported in multiple studies.?**}
Another study compared clinical character-
istics between 113 deceased and 161 recov-
ered patients with COVID-19, and that
study also showed that male sex was asso-
ciated with death.?! A longitudinal study
enrolling 98 COVID-19 patients found
that there were higher levels of innate
inflammatory cytokines (interleukin [IL]-
8 and IL-18) and the chemokine CCLS5 in
male patients.** The uncontrolled produc-
tion of pro-inflammatory factors such as
IL-8 and chemokines such as CCL-5,
which is also called cytokine storm, could
contribute to pulmonary fibrosis and
death.” This may, to some extent, explain
the higher mortality rate in male compared
with female COVID-19 patients. Severe
COVID-19 patients were often in an immu-
nodeficient state that was characterized by

fewer multifunctional CD4+ T cells and
non-exhausted CD8+ T cells.”* Female
COVID-19 patients had higher levels of
activated CD38 and HLA-DR-positive T
cells and terminally differentiated T cells
compared with male COVID-19 patients,>*
which may account for better viral resis-
tance and lower mortality in female
COVID-19 patients. Moreover, genetic
and hormonal mediators, environmental
factors (nutrition and microbiota), age,
and reproductive status could also differen-
tially modulate the immune system between
men and women.?” Future studies on these
factors are required to clarify the mecha-
nism of sex differences in COVID-19
patient mortality.

In the clinical setting, whether hyperten-
sive patients with COVID-19 should dis-
continue ACEI/ARB therapy has been the
subject of recent debate. The Heart Failure
Society of America, the American College
of Cardiology, and the American Heart
Association published a joint declaration
calling for more studies, and they suggested
continuing ACEI/ARB therapy until the
harmful effects of ACEI/ARB on COVID-
19 patients with hypertension could
be verified.”® Recent studies analyzed the
influence of ACEI/ARB use on all-cause
mortality in COVID-19 patients with vari-
ous degrees of severity.'*'*!® Some studies
showed no significant correlation between
ACEI/ARB use and mortality in COVID-
19 patients.'®!'>!> One of these studies
enrolled 362 hypertensive patients,'® while
others included both hypertensive and non-
hypertensive patients.'*'? However, other
studies proposed that ACEI/ARB use low-
ered the risk of death in hypertensive
patients with COVID-19.'"'*1¢ Whether
ACEI/ARB users have a potential survival
advantage remains to be elucidated in
larger cohorts or randomized controlled
trials. Generally, there was no evidence
that ACEI/ARB was detrimental to
COVID-19 patient survival. The hypothesis
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that ACEI/ARB administration promotes
viral cell entry and disease progression
was mainly based on the fact that RAS
inhibitors increase ACE2 expression in
animal experiments.’*’ Studies in humans
did not consistently show upregulation of
ACE2 expression by RAS inhibitors.* 2
Therefore, not enough evidence supports
that RAS inhibitors aggravate the clinical
condition and increase all-cause mortality
in COVID-19 patients. Additionally, we
revealed that there was no significant asso-
ciation between ACEI/ARB use and mor-
tality in severe COVID-19 patients with
hypertension. The findings support the rec-
ommendations that severe COVID-19
patients with hypertension should continue
to take ACEI/ARB to maintain their blood
pressure stability.

This study has some limitations. First,
we have a relatively small sample size, so
we could not bring more potential con-
founders into the multivariate model when
analyzing the effect of ACEI/ARB use on
mortality in severe COVID-19 patients with
hypertension. However, potential con-
founders such as comorbidities, statin use,
and antiplatelet drugs were balanced after
propensity-score matching. Therefore, this
may not affect the validity of the finding
that ACEI/ARB use has no significant
association with mortality in severe
COVID-19 patients. Second, the analysis
is retrospective, and thus, selection bias
may be present. Additionally, some data
such as smoking history are not available.
Future prospective studies or randomized
controlled trials may help to address this
issue. Third, we considered ACEI and
ARB to be a single variable, and we could
not detect if their effects are different. This
requires additional studies with a larger
sample size to analyze ACEI and ARB sep-
arately. Fourth, only severe COVID-19
patients with hypertension were included
in the analysis for risk factors of death.
The findings have great implications for

severe COVID-19 patients, but these results
are not generalizable to all COVID-19
patients.

Conclusion

We demonstrated that ACEI/ARB use had
no significant association with mortality
in severe COVID-19 patients with concom-
itant hypertension. These clinical data
support the previous guidelines, and contin-
uation of ACEI/ARB therapy is recom-
mended for severe COVID-19 patients
with hypertension during the pandemic.
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