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Abstract

To evaluate the efficacy of angiotensin-converting enzyme inhibitors (ACEls) and
angiotensin receptor blockers (ARBs) vs calcium channel blockers (CCBs) on the
progression of Corona Virus Disease 2019 (COVID-19) patients with hypertension
in Wuhan. This retrospective single-center case series analyzed COVID-19 patients
with hypertension, treated with ACEIs/ARBs or CCBs at the Tongji Hospital of
Wuhan City, China from 25th January to 15th March 2020. After propensity score
matching analysis, 76 patients were selected into two groups. Univariate and mul-
tivariable analyses were conducted to determine factors related to improvement
measures and outcome measures by Cox proportional hazard regression models.
Among 157 patients with confirmed COVID-19 combined hypertension, including
73 males and 84 females, a median age of 67.28 + 9.11 vs 65.39 + 10.85 years. A
univariable analysis indicated that clinical classification, lymphocyte count, and
interleukin-2 receptor were associated with a lengthened negative time of nucleic
acid, with a significant difference between two groups (P =.036). Furthermore, we
found no obvious difference in nucleic acid conversion time between ACEls/ARBs
and CCBs groups (hazard ratio [HR]: 0.70; 95% confidence interval [Cl]: [0.97, 3.38];
P =.18) in the multivariable analysis as well as chest computed tomography im-
proved time (HR: 0.73; 95% CI [0.45, 1.2]; P =.87), and hospitalization time between
ACEIs/ARBs and CCBs groups (HR: 1.06; 95% CI [0.44, 1.1]; P=.83). Our study
provided additional evidence of no obvious difference in progress and prognosis
between ACEIs/ACEIls and CCBs group, which may suggest ACEIs/ARBs may have
scarcely influence on increasing the clinical severe situations of COVID-19 patients

with hypertension.
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1 | INTRODUCTION

Corona Virus Disease 2019 (COVID-19) is a new respiratory illness
caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), first reported in Wuhan, China, in December 2019.
The outbreak of COVID-19 is currently continuously evolving glob-
ally, resulting in 1133 758 confirmed cases including in healthcare
workers, worldwide by 5 April 2020." On 20 January 2020, the
National Health Commission issued No. 1 announcement, which
included COVID-19 as an acute respiratory infectious disease into
the class B infectious disease specified in the law of the people's
Republic of China on the prevention and control of infectious
diseases, and then managed it as class A infectious disease. The
COVID-19 epidemic situation was classified as “public health emer-
gencies of international concern” on 31st January, the highest level in
the World Health Organization (WHO) infectious disease emergency
mechanism by WHO.

There was of particular interest to clinicians and investigators
with a major interest in cardiovascular disease and mortality on in-
fected patients, particularly in elderly people with comorbidities.
subsequently, in an analysis of 45000 confirmed cases in China,>®
the crude case fatality rate was 0.9% for patients without any
documented comorbidities, whereas the case fatality rate was much
higher for patients with cardiovascular disease (10.5%), diabetes
(7.3%), or hypertension (6.3%).

Well, now the current study reports that hypertension may be
associated with an increased risk of severe in hospitalized COVID-19
patients. Previous experimental data*® revealed angiotensin-converting
enzyme 2 (ACE2) receptors serve as binding sites for the anchoring
spike (S) proteins on the exterior surfaces of beta coronaviruses.
The beta coronavirus SARS-CoV causes the severe acute respiratory
syndrome (SARS). The phylogenetically related beta coronavirus,
SARS-Cov-2, causes the novel coronavirus disease (nCoV-2019) or
COVID-19. S proteins anchor both beta coronaviruses to ACE2
receptors in the lower respiratory tract of infected patients to gain
entry into the lungs. Viral pneumonia and potentially fatal respiratory
failure may result in susceptible persons after 10 to 14 days.

Currently, the hypertension patients are basically treated with
blood pressure-lowering drugs, mainly including renin-angiotensin sys-
tem (RAS) blockers-angiotensin-converting enzyme inhibitors (ACEls)/
angiotensin receptor blockers (ARBs), calcium channel blockers (CCBs),
B-blockers, diuretics. In Southwest China, CCBs accounted for 58.6% of
hypertension treatment, followed by ACEIs/ARBs accounted for
22.4%.° Since ACE2 was identified to the functional receptor of SARS-
CoV-2. ACE2 level was increased following treatment with ACEIls and
ARBs. The current research’® revealed that intravenous infusions of
ACEls and ARBs in experimental animals increased the numbers of
ACE2 receptors in the cardiopulmonary circulation. Patients taking
ACEIls or ARBs chronically for cardiovascular diseases are assumed to
have increased numbers of ACE2 receptors throughout their cardio-
pulmonary circulations as observed in experimental animal models.

Currently, a corollary concern needed to identify through real-world

clinical studies, whether these commonly used RAS blockers—ACEls/
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ARBs may increase the severity of COVID-19. The present study
therefore retrospectively analyzed data from hospitalized COVID-19
patients with hypertension in a single center in Wuhan, China, to com-
pare the difference between ACEIs/ARBs and CCB groups, which may
provide clinical evidence on the impact of ACEIs/ARBs on the clinical
course of COVID-19 infection.

2 | METHODS
2.1 | Study patients

We performed a retrospective study of COVID-19 patients with
hypertension who were recorded in Tongji Hospital Affiliated to
Tongji Medical College, Huazhong University of Science and Tech-
nology, Wuhan, China from 25th January to 15th March 2020.
COVID-19 was diagnosed via epidemiological history (Travel history
or residence history in Wuhan and surrounding areas or other
communities with case reports within 14 days before the onset of
iliness; history of exposure to COVID-19 case infection within
14 days before onset of illness and so on), consistent with two clinical
manifestations (fever and respiratory symptoms, normal or de-
creased white blood cells in early onset of illness), and micro-
biological evidence (laboratory test for the COVID-19 from the
respiratory specimens shows positive result by the real-time reverse-
transcription-polymerase chain reaction [RT-PCR] assay) according
to the Novel Coronavirus Pneumonia Diagnosis and Treatment Guideline
(7th edition, in Chinese) published by the National Health Commis-
sion of China. Hypertension history and blood pressure medications
Obtained through electronic medical record (EMR). Patients demo-
graphics as well as the use of antihypertensive drug, therapy proto-
col, imaging data, laboratory data, follow-up records, and prognosis
were collected from EMR. Routine tests, such as chest computed
tomography (CT), serum biochemical indices, and complete blood
counts were conducted during hospitalization.

From 25th January to 15th March 2020, 306 patients diagnosed
with COVID-19 combined hypertension using CCBs, ACEls, or ARBs
antihypertensive drugs. Patients with the following conditions were
excluded from our study: (a) lung imaging was significantly improved
before using antihypertensive; (b) before using antihypertensive,
ucleic acid was negative for two consecutive times; (c) case use both
CCBs and ACEIs/ARBs. This study was approved by the institutional
ethics board of the Tongji Hospital Affiliated to Tongji Medical
College, Huazhong University of Science and Technology (No.
TJ-IRB20200338).

According to the Novel Coronavirus Pneumonia Diagnosis and
Treatment Guideline (7th edition, in Chinese), clinical classification of
the COVID-19 patients was classified into mild-moderate, severe, and
critically ill. Baseline clinical data were collected at admission, includ-
ing blood routine, such as white blood cell count (3.5-9.5)x 10%/L,
lymphocyte count (1.1-3.2) x 10%/L, coagulation function such as
D-dimer less than 0.5 mg/L, renal and liver function, such as alanine

aminotransferase and aspartate aminotransferase less than 40 U/L,
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creatinine (59-104 U/L), uric acid (202.3-416.5 mmol/L), urea (3.6-
9.5 mmol/L), electrolytes such as potassium (3.5-5.1 mmol/L), sodium
(136-145 mmol/L), C-reactive protein (CRP) less than 5mg/L, myo-
cardial enzymes such as NT-ProBNP less than 241 pg/mL, cytokine
such as interleukin-6 less than 7 mmol. These were collected routinely
on admission. Radiologically, the area of affected lungs consistent with
viral pneumonia in each patient's first chest CT after admission was
measured and classified into one or two lungs. During hospitalization,
lesion progression in chest CT was recorded. RT-PCR assay was used
to analyze the SARS-CoV-2 viral nucleic acid. The outcome data were
collected prospectively by physicians who un-knew the study group.
The main improvement measures were the time from illness onset to
negative nucleic acid for two time and chest CT gradually improved,
and we selected firstly nucleic acid conversion time and chest CT
improved. The secondary endpoints were worsened Chest CT during
hospitalization and in-hospital mortality. The outcome measures were
the time from illness onset to discharge from hospital.

2.2 | Statistical analysis

Continuous data accorded with normal distribution were expressed as
mean * standard deviation and compared by independent samples
t test or expressed as median (25th-75th percentile) and compared by
the Wilcoxon rank-sum test. Categorical variables were expressed as
number (percentage) and compared by;(2 test or Fisher's exact test.
Among patients diagnosed with COVID-19 combined hypertension
using CCBs, ACEIs, or ARBs antihypertensive drugs, we sought to
investigate the ACEls or ARBs medication on progress and prognosis
of COVID-19 patients. The main improvement measures, such as the
first nucleic acid conversion time, first chest CT improved time and
outcome measures such as the hospitalization time was also calcu-
lated. Univariable and multivariable Cox regression models were used
to describe the progression and prognosis of COVID-19 patients be-
tween CCBs and ACEIs/ARBs. To account for sample size, we selected
the variables with P <.05 which were significantly associated with
outcome measures in the univariable analysis. One-to-one (1:1) pro-
pensity score matching (PSM) was conducted to construct a matched
sample consisting of pairs of CCBs and ACEIs/ARBs subjects by op-
timal matching algorithm. Variables that were significantly different
between the two groups were utilized to generate propensity scores.
Specifically, we also conducted a stratified analysis with respect to
outcome measures by age, gender, clinical classification, comorbidities,
temperature, respiratory rate, diastolic blood pressure (BP), systolic
BP, heart rate, white blood cell count, lymphocyte count, D-dimer,
interleukin-6, interleukin-2 receptor, alanine aminotransferase, aspar-
tate aminotransferase, lung image, NT-ProBNP, creatinine, urea, uric
acid, potassium, sodium, and CRP, which was used to perform PSM.
The data were imported and analyzed using R language (3.6.2 ed,
2019), implemented in RStudio (Version 1.2.5003 ed, 2015).”°
Package Matchlt, survival, and survminer were employed for PSM and
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survival analysis, separately, with a two-sided P value of less than

.05 considered statistically significant.

Patients with diagnosis of COVID-19 combined hypertension
using CCBs, ACEIs or ARBs antihypertensive drugs
between January 25t%, 2020 to March 15% , 2020 (N=306)

Case use both CCBs and ACEIs/ARBs (N=63)
Lung imaging was significantly

improved before using antihypertensive (N=29)
Nucleic acid was negative for two consecutive
times before using antihypertensive (N=57)

Before propensity score matching (N=157)
CCBs group (N=83)
ACEIs/ARBs group (N=74)

Propensity score matching (1:1)

After propensity score matching (N=76)
CCBs group (N=38)
ACEIs/ARBs (N=38)

Chest CT improved time, nucleic acid negative
time and in-hospital days comparison between
the CCBs group and ACEIs/ARBs

FIGURE 1 Flow-chart for patient selection

3 | RESULTS
3.1 | Study the selected population

In total, 306 patients with a diagnosis of COVID-19 combined hy-
pertension using CCBs, ACEls, or ARBs antihypertensive drugs
between 25th January 2020 to 15th March 2020. The patient
selection flow-chart is displayed in Figure 1. All these patients were
treated with one or multiple blood pressure-lowering drugs,
including RAS blockers—ACEIs/ARBs, calcium channel blockers,
B-Blockers, and diuretics. The ACEIs/ARBs group consisted of ACEls
or ARBs without CCBs, as well as CCBs group. Then, we selected
157 adult hypertension patients with COVID-19 infections,
including 73 males (46.50%) and 84 females (53.50%). The vast
majority of patients were discharged from hospital. Unfortunately,
there were five patients and one patient died from pneumonia in
ACEIs/ARBs and CCBs groups, respectively. The in-hospital mor-
tality showed no significant difference between two groups
(P=.191). After PSM, we selected 76 adult hypertension patients
with COVID-19 infections (Figures S1 and S2).

3.2 | Comparison of demographic and clinical
characteristics

Before PSM, a total of 157 adult hypertension patients with COVID-19
infections were involved in this study. Demographic features and clinical
characteristics data are shown in Table 1. There is no obvious difference
between ACEIs/ARBs and CCBs groups about 49 (59.0) vs 35 (47.3)
female, a median age of 67.28+9.11 vs 65.39 + 10.85 years (P >.05).
Compared with the respiratory rate 21.39+7.22 or 19.96 +2.42, dia-
stolic BP 8323+11.88 or 8181+1347mmHg, systolic BP
138.66 £ 17.97 or 134.76 + 18.53 mm Hg, Heart rate 89.01 + 14.35 or
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TABLE 1 Comparison of demographic and clinical characteristics of patients with COVID-19 between ACEls/ARBs and CCBs groups

Before PSM After PSM
Characteristics CCBs group ACEIls/ARBs CCBs group ACEls /ARBs
ID (n=83) group (n=74) P (n=38) group (n = 38) P
Gender = female (%) 49 (59.0) 35 (47.3) 19 22(57.9) 22 (57.9) 1
Age (mean +SD) 67.28+9.11 65.39 +10.85 239 65.34+9.65 68.16 +7.58 162
Outcome = cure (%) 82 (98.8) 69 (93.2) .163 38 (100.0) 38 (100.0) 1
Clinical classification (%) 191 .818
Mild-moderate (%) 44 (53.0) 38 (51.4)
Severe (%) 38 (45.8) 31 (41.9) 16 (42.1) 18 (47.4)
Critically ill (%) 1(1.2) 5(6.8)
Diabetes (%) 22 (26.5) 21 (28.4) 934 9 (237) 12 (31.6) .608
coronary disease (%) 6 (7.2) 10 (13.5) 301 3(7.9) 5(13.2) 709
Temperature (mean + SD) 36.92+0.84 37.69+0.75 012 36.85+0.83 36.73+0.74 .505
Respiratory rate (breaths per min) (mean + SD) 21.39+7.22 19.96 £2.42 1107 20.18+2.99 20.11+2.08 894
diastolic BP (mean + SD), mm Hg 83.23+11.88 81.81+1347 484 8345+11.72 82.66 + 12.69 779
systolic BP (mean * SD), mm Hg 138.66 + 17.97 134.76 + 18.53 1182 140.53+17.97 136.03 + 18.58 .287
Heart rate (mean £ SD), bpm 89.01+14.35 89.19+17.62 945 89.13+13.71 88.82+ 14.03 921
White blood cell count (x10°/L) (mean + SD) 5.92+228 7.54+231 .019 6.53+2.54 6.62+242 .887
lymphocyte count (x10%/L) (mean + SD) 1.26 +0.53 1.29 +0.60 757 1.38+0.61 1.26 £0.55 .38
D-dimer (mean + SD), mg/L 143 +2.04 1.38+1.59 874 1.08+155 149 +1.66 267
Interleukin-6 (mean + SD), mmol/L 18.51+ 3241 24.11+52.72 419 14.97 +30.09 15.54 +27.05 .932
Interleukin-2 receptor (mean + SD), mmol/L 732.69 £490.99 752.82 +550.00 809 631.87+42294 758.95 £ 393.16 179
Alanine aminotransferase (mean + SD), U/L 26.04 +£23.08 31.46+21.82 134 26.03+20.99 26.42 +16.25 .927
Aspartate aminotransferase (mean + SD), U/L 22.82+13.42 29.95+16.61 037 2295+1344 22.92+9.71 992
lung image (%) 75 (90.4) 65 (87.8) .802 32 (84.2) 35 (92.1) 478
NT-ProBNP (mean £ SD), pg/L 1305.13+7258.23 29400+385.08 .233 164.18+263.02 306.11+442.72 094
Creatinine (mean + SD), U/L 93.17 + 116.46 80.32+43.05 372 7116+17.44 76.32+39.31 462
Urea (mean * SD), mmol/L 5.69 +4.94 573+345 957 4.79+152 511+1.96 431
Uric acid (mean + SD), mmol/L 268.24+£82.61 285.67£116.59 277 276.84+83.11 264.35+97.42 .549
Potassium (mean = SD), mmol/L 4.25+0.56 4.22+0.47 772 4.14+044 4.24 +0.50 .345
Sodium (mean % SD), mmol/L 140.10+2.90 139.45+3.83 223 140.31+2.83 140.32 + 3.05 .997
C-reactive protein (mean + SD), mg/L 29.57 +47.25 2425+ 5047 496 13.45+21.30 17.88 £ 25.46 413

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CCB, calcium channel blocker;

PSM, propensity score matching; SD, standard deviation.

89.19 £ 17.62 bpm, respectively, we found that antihypertensive
drugs in ACEIs/ARBs and CCBs groups exhibited a similarly anti-
hypertensive efficacy. The underlying diseases, including diabetes
mellitus and coronary disease, in ACEIs/ARBs and CCBs groups are
listed in Table 2. There was no significant difference between two
groups, as well as lymphocytes count (x10°/L)1.26+0.53 vs
1.29 £ 0.60, D-dimer (mg/L) 1.43+2.04 vs 1.38 £ 1.59, interleukin-6
18.51+3241 vs 24.11+52.72mmol/L,

interleukin-2 receptor

32.69+490.99 vs 752.82 + 550.00 mmol/L, and CRP 29.57 +47.25
vs 24.25+50.47 mg/L. The clinical severity was graded as mild-
moderate, severe, and critically ill. There is no difference in any of
grade between ACEIs/ARBs and CCBs groups. It is worth noting that
the significant differences between ACEIs/ARBs group and CCBs
group on temperature 36.92°C +£0.84°C vs 37.69°C £0.75°C, white
blood cell count (x10%/L) 5.92+2.28 vs 7.54+2.31, aspartate
aminotransferase 22.82+ 13.42 vs 29.95+16.61U/L. To further
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TABLE 2 Univariate and multivariate Cox regression analysis for
nucleic acid conversion time

Characteristics 95% ClI

Lower Upper

ID HR P value

Univariate
Gender 094 .78 059 15
Age 099 .25 096 1
Clinical classification 0.19 1.20E-08 0.11 0.34
Diabetes 1.6 092 0.93 26
Coronary disease 0.79 .53 0.38 1.6
Temperature 1.1 .68 0.78 1.5
Respiratory rate (breaths per min) 1 .67 0.92 1.1
Diastolic BP, mm Hg 1 .99 0.99 1
Systolic BP, mm Hg 1 .8 0.99 1
Heart rate, bpm 1 .65 0.98 1
White blood cell count 0.95 .22 0.86 1
Lymphpcyte count (x10%/L) 1.5 .032 1 2.3
D-dimer, mg/L 0.94 .52 079 11
Interleukin-6, mmol/L 1 27 099 1
Interleukin-2 receptor, mmol/L 1 .045 1 1
Alanine aminotransferase, U/L 1 47 0.99 1
Aspartate aminotransferase, U/L 1 .69 0.98 1
Lung image 0.8 .54 04 1.6
NT-ProBNP, pg/L 1 3 1 1
Creatinine, U/L 1 72 0.99 1
Urea, mmol/L 0.95 .43 084 11
Uric acid, mmol/L 1 .6 1 1
Potassium, mmol/L 1.5 12 0.89 25
Sodium, mmol/L 097 .38 0.89 1
C-reactive protein, mg/L 0.99 .087 0.98 1
CCBs vs ACEI/ARBs groups 0.6 036 0.38  0.97

Multivariate
Clinical classification 0.201 2.36E-07
Lymphpcyte count (x10%/L) 1.363 .107

Interleukin-2 receptor, mmol/L  0.999 .867
CCBs vs ACEI/ARBs groups 0.702 .148
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor;

ARB, angiotensin receptor blocker; BP, blood pressure; CCB, calcium
channel blocker; Cl, confidence interval; HR, hazard ratio.

evaluate the detected differences between ACEIs/ARBs and CCBs
groups, we performed a 1:1 matched case-control analysis using the
PSM method. PSM between the ACEIs/ARBs and CCBs groups was
conducted by all variables (age, gender, clinical classification, co-
morbidities, temperature, respiratory rate, diastolic BP, systolic BP,
heart rate, white blood cell count, lymphocytes count, D-dimer,
interleukin-6, interleukin-2 receptor, alanine aminotransferase, as-
partate aminotransferase, lung image, NT-ProBNP, creatinine, urea,
uric acid, potassium, sodium, and CRP). After PSM, the ACEIs/ARBs
and CCBs groups consisted of 38 patients, respectively. No statistical
differences on demographic features and clinical characteristics data

were observed between the two groups.

3.3 | Comparison of nucleic acid conversion time
between the ACEIs/ARBs and CCBs groups
in all patients

We performed a stratified analysis according to different variables in
1:1 matched group. we used the Cox proportional hazards model to
investigate the effect of baseline characteristics on nucleic acid con-
version time. A univariable analysis indicated that clinical classification
(P=1.20E-08), lymphocyte count (P=.032), and interleukin-2 receptor
(P =.045) were significantly associated with a lengthened negative time
of nucleic acid (Table 2). In total, we found a significant difference in
nucleic acid time between two groups in all univariable (P=.036)
(Figure 2A). Furthermore, we included all variables mentioned earlier in
the multivariable analysis. After adjustment for potential confounders,
we found no obvious difference in nucleic acid conversion time between
ACEIs/ARBs group and CCBs group (hazard ratio [HR]: 0.70; 95%
confidence interval [CI]: [0.97, 3.38]; P =.18) (Table 2).

3.4 | Comparison of chest CT improved time
between the ACEIs/ARBs and CCBs groups
in all patients

Furthermore, we used the Cox proportional hazards model to in-
vestigate the effect of baseline characteristics on chest CT improved
time. Although a univariable analysis indicated that clinical classifi-
cation (P=1.70E-08), lymphocyte count (P=.019), and uric acid
(P=.024) were significantly associated with a lengthened negative
time of chest CT improved (Table 3). However, we found no differ-
ence in chest CT improved time between two groups in all univari-
able (P=.19) (Figure 2B). subsequently, we included all variables
mentioned earlier in the multivariable analysis. After adjustment for
potential confounders, we also found no obvious difference in chest
CT improved time between ACEIs/ARBs group and CCBs group (HR:
0.73; 95% Cl: [0.45, 1.2]; P=.87) (Table 3).

3.5 | Comparison of the hospitalization time between
the ACEIs/ARBs and CCBs groups in all patients

To evaluate differences among antihypertensive drugs on the out-
come measures of patients diagnosed with COVID-19 combined
hypertension, Cox proportional hazards model was performed to
investigate these factors in the hospitalization time between ACEls/
ARBs and CCBs groups. As showed in Table 4, univariate Cox re-
gression analysis identified six prognosis factors for hospitalization
time: clinical classification (P < .001), lymphocyte count (P=.012) and
interleukin-2 receptor (P=.025), lung image (P=.037), uric acid
(P =.045), potassium (P =.0086) (Figure 2C). Next, multivariate Cox
regression analysis was performed to determine if these variables
were independently related to hospitalization time. Multivariate Cox

regression analysis revealed that no obvious difference in the hos-
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FIGURE 2 A Cox regression analysis curve of nucleic acid conversion time of COVID-19 patients with hypertension (after PSM). B, Cox
regression analysis curve of chest CT improved time of COVID-19 patients with hypertension (after PSM). C, Cox regression analysis curve of
the hospitalization time of COVID-19 patients with hypertension (after PSM). CT, computed tomography; PSM, propensity score matching

pitalization time between ACEIs/ARBs group and CCBs group (HR:
1.06; 95% Cl: [0.44, 1.1]; P =.83) (Table 4).

4 | DISCUSSION

During the spread of the SARS-CoV-2, some reports of data still
emerging and in need of full analysis indicated that certain groups of
patients are at risk of COVID-19, especially complicated with dia-
betes mellitus, hypertension, and coronary artery disease.* Cur-
rently, hypertension patients are basically treated with blood
pressure-lowering drugs, mainly including RAS blockers—ACEls/
ARBs, CCBs, f-blockers, diuretics. However, it has been popular-
ized in clinical treatment that RAS blockers might increase the risk of
developing a severe and fatal SARS-CoV-2 infection.'® Until now, the
distinct effects of antihypertensives on prognosis remains unclear.
The present study therefore retrospectively analyzed data from
hospitalized COVID-19 patients with hypertension in a single center
in Wuhan, China, to compare the difference between ACEIs/ARBs
groups and CCB groups, which may provide clinical evidence on the
impact of ACEIs/ARBs on the clinical course of COVID-19 infection.

Upon sufficient consideration of the relationship that ACE2 was

the receptor that allowed coronavirus entry into cells, ACE2

overexpression facilitated the replication in cells that were otherwise
resistant to the virus. In the RAAS, ACE2 catalyzes the conversion of
angiotensin Il to angiotensin 1 to 7, which acts as a vasodilator and
exerts protective effects in the cardiovascular system.® In animal
experiments, increased expression and activity of ACE2 in various
organs including the heart were found in connection with ACEls and
ARBs administration.'® In addition, more recent data’ showing in-
creased urinary secretion of ACE2 in hypertensive patients treated
with the ARB olmesartan suggest that the upregulation of ACE2 may
also occur in humans. These observations have been reiterated in the
literature and on the web in recent days and the question arose
whether RAAS inhibition may increase the risk of the deleterious
outcome of COVID-19 through upregulation of ACE2 and increase of
viral load.

Nevertheless, we analyzed the clinical characteristics of 76 es-
sential hypertension patients with COVID-19 and then found a sig-
nificant difference in nucleic acid time between two groups in all
univariable (P=.036) in the univariable analysis. Specifically, com-
pared with CCBs, we observed that clinical classification (P = 1.20E-
08), lymphocyte count (P =.032), and interleukin-2 receptor (P =.045)
were significantly associated with a lengthened negative time of
nucleic acid of ACEIl and ARB in univariable analysis. For further

confirmation, we included all variables mentioned earlier in the
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TABLE 3 Univariate and multivariate Cox regression analysis for
chest CT improved time

Characteristics 95% ClI

Lower Upper

ID HR P value
Univariate
Gender 0.91 7 0.57 15
Age 0.99 48 097 1
Clinical classification 0.21 1.70E-08 0.12 0.34
Diabetes 1 .96 0.6 2.6
Coronary disease 0.87 74 0.39 1.6
Temperature 1.3 11 0.95 1.5
Respiratory rate (breaths 1 .37 0.95 1.1
per min)
Diastolic BP, mm Hg 0.99 4 0.97 1
Systolic BP, mm Hg 1 .83 0.99 1
Heart rate, bpm 0.99 48 0.98 1
White blood cell count 0.97 .56 0.89 1
(x10%/L)
lymphocyte count (x10%/L) 1.5 .019 1.1 2.3
D-dimer, mg/L 0.88 .23 072 11
Interleukin-6, mmol/L 0.99 24 0.99 1
Interleukin-2 receptor, 1 .25 1 1
mmol/L
Alanine aminotransferase, 1 .089 1 1
U/L
Aspartate aminotransferase, 1 .36 0.99 1
u/L
Lung image 0.73 .38 0.36 1.6
NT-ProBNP, pg/L 1 .37 1
Creatinine, U/L 1 .86 0.99
Urea, mmol/L 0.94 3 082 11
Uric acid, mmol/L 1 .024 1 1
Potassium, mmol/L 1.1 .82 0.65 25
Sodium, mmol/L 0.98 .62 0.9 1
C-reactive protein, mg/L 0.99 26 0.99 1
CCBs vs ACEI/ARBs groups 0.73 19 045 0.97
Multivariate

0.211706 4.74E-08
1.328439 .0942
Uric acid, mmol/L 1.003377 .0209
CCBs vs ACEI/ARBs groups 0.962869 .8792

Clinical classification

Lymphpcyte count (x10%/L)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor;

ARB, angiotensin receptor blocker; BP, blood pressure; CCB, calcium
channel blocker; Cl, confidence interval; CT, computed tomography;
HR, hazard ratio.

multivariable analysis. After adjustment for potential confounders,
we found no obvious difference in nucleic acid conversion time be-
tween ACEIs/ARBs and CCBs groups (HR: 0.70; 95% Cl: [0.97, 3.38];
P =.18). Which indicated no clinical data providing a causal re-
lationship between RAS blockers and SARS-CoV2 associated in-
creasing the entry and replication of viral.

RAS blockers such as ACEIls and ARBs were highly recommended

medications for patients with cardiovascular diseases, such as

refractory hypertension, coronary artery disease, heart failure, and
postmyocardial infarction status.’” Especially if elderly hypertensive
patients suffered with cardiovascular diseases, diabetes, and renal
insufficiency, with the highest level of evidence with regard to
mortality reduction’® Given that ACEIs/ARBs increase ACE2 ex-
pression and activity in the heart and kidneys in normotensive or
hypertensive rats. ACE2 was also universally expressed in the heart,
liver, kidney, blood vessels, and other tissues. Several studies®”??
evidenced that ACEIs/ARBs prevent the progression of pulmonary
complications in vulnerable populations, and reduce severe lung in-
jury in certain viral pneumonias. Therefore, there is conflicting evi-
dence that the use of ACEIs/ARBs has a positive or negative impact
on COVID-19. For this reason, we try to shed light on the relation-
ship between the usage of ACEIs/ARBs and the lung injury of
COVID-19 combined hypertension in the real-world study. We
screened and analyzed the clinical data and found that no obvious
difference in chest CT improved time between ACEIs/ARBs group
and CCBs group (HR: 0.73; 95% Cl: [0.45, 1.2]; P=.87) by the uni-
variable and multivariable analysis.

Although the possible upregulation of ACE2 by RAAS inhibition
and the theoretically associated risk of a higher susceptibility to in-
fection, there is no direct evidence proving a causal relationship
between ACE2 activity and SARS-CoV2 associated mortality.”>**
Consequently, we try to evaluate differences among anti-
hypertensive drugs on the outcome measures of patients diagnosed
with COVID-19 combined hypertension. Until now, our current study
manifested that no statistical differences in the in-hospital mortality
between ACEIs/ARBs and CCBs groups. We also evaluate the dif-
ference in ACEIs/ARBs on the outcome measures of patients diag-
nosed with COVID-19 combined hypertension and found no obvious
difference in the hospitalization time between ACEIs/ARBs and CCBs
groups (HR: 1.06; 95% Cl: [0.44, 1.1]; P =.83) by the univariable and
multivariable analysis. ACEIs/ARBs did not increase the risk of ex-
tended course and poor prognosis of hypertension patients with
COVID-19. Notwithstanding there was conflicting evidence about
the use of ACEIs/ARBs in the context of the pandemic COVID-19
outbreak, our research suggested continuation of usual ACEIs/ARBs
treatment for hypertension patients with COVID-19.

4.1 | Limitations

Our study has several limitations. First, only 76 patients with con-
firmed COVID-19 were included, and a larger cohort study is needed
to verify our conclusions. Second, as a retrospective study, some
other specific information regarding cardiovascular complications
such as echocardiography were not presented in the study because
the data were incomplete owing to the limited conditions in the
isolation ward and the urgency of containing the COVID-19 epi-
demic. Third, we did not observe mild cases who were treated at
home. Four, we did not observe who changed past usage of ACEls/

ARBs medication at home to CCBs in hospital.



LIU ET AL

TABLE 4 Univariate and multivariate Cox regression analysis for
the hospitalization time

Characteristics 95% CL

Lower Upper

ID HR P value
Univariate
Gender 0.83 44 0.52 1.3
Age 0.98 17 0.95 1
Clinical classification 0.13 340E-11 0.072 0.24
Diabetes 14 .16 086 24
Coronary disease 11 .8 0.52 2.3
Temperature 1.2 .3 0.87 1.6
Respiratory rate (breaths 0.97 .54 0.88 1.1
per min)
Diastolic BP, mm Hg 1 21 0.99 1
Systolic BP, mm Hg 1 .29 0.99 1
Heart rate, bpm 1 91 0.98 1
White blood cell count 0.96 .32 0.87 1
(x10%/L)
Lymphpcyte count 1.7 .012 11 2.4
(x10%/L)
D-dimer, mg/L 0.93 47 0.77 11
Interleukin-6, mmol/L 1 .64 0.99 1
Interleukin-2 receptor, 1 .025 1 1
mmol/L
Alanine aminotransferase, 1 .33 0.99 1
U/L
Aspartate 1 .84 0.98 1
aminotransferase, U/L
Lung image 0.47 .037 0.23 0.95
NT-ProBNP, pg/L 1 .86 1 1
Creatinine, U/L 1 .68 0.99 1
Urea, mmol/L 0.92 19 0.81 1
Uric acid, mmol/L 1 .045 1 1
Potassium, mmol/L 2 .0086 1.2 3.3
Sodium, mmol/L 0.95 .19 0.88 1
C-reactive protein, mg/L  0.99 066 0.98 1
CCBs vs ACEI/ARBs groups 0.7 .13 0.44 1.1
Multivariate

Clinical classification 0.1114452 9.51E-10
Lymphpcyte count (x10°/L) 1.408974 .1117

Interleukin-2 receptor 0.9994966 .1698

Lung image 0.5100719 .1009
Uric acid 1.0030762 .0347
Potassium 15275902 .1536

CCBs vs ACEI/ARBs groups 1.0559883 .8353

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BP, blood pressure; CCB, calcium channel
blocker; Cl, confidence interval; HR, hazard ratio.

4.2 | Conclusion
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long-term observation and prospective study design on the differ-
ence between the ACEIs/ARBs and non-ACEIs/ARBs are needed.
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