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 Background: Use of renin-angiotensin-aldosterone system inhibitors in coronavirus disease 2019 (COVID-19) patients lacks 
evidence and is still controversial. This study was designed to investigate effects of angiotensin-converting en-
zyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) on clinical outcomes of COVID-19 patients 
and to assess the safety of ACEIs/ARBs medication.

 Material/Methods: COVID-19 patients with hypertension from 2 hospitals in Wuhan, China, from 17 Feb to 18 Mar 2020 were ret-
rospectively screened and grouped according to in-hospital medication. We performed 1: 1 propensity score 
matching (PSM) analysis to adjust for confounding factors.

 Results: We included 210 patients and allocated them to ACEIs/ARBs (n=81; 46.91% males) or non-ACEIs/ARBs (n=129; 
48.06% males) groups. The median age was 68 [interquartile range (IQR) 61.5–76] and 66 (IQR 59–72.5) years, 
respectively. General comparison showed mortality in the ACEIs/ARBs group was higher (8.64% vs. 3.88%) but 
the difference was not significant (P=0.148). ACEIs/ARBs was associated with significantly more cases 7-cate-
gorical ordinal scale >2 at discharge, more cases requiring Intensive Care Unit (ICU) stay, and increased values 
and ratio of days that blood pressure (BP) was above normal range (P<0.05). PSM analysis showed no signifi-
cant difference in mortality, cumulative survival rate, or other clinical outcomes such as length of in-hospital/
ICU stay, BP fluctuations, or ratio of adverse events between groups after adjustment for confounding param-
eters on admission.

 Conclusions: We found no association between ACEIs/ARBs and clinical outcomes or adverse events, thus indicating no ev-
idence for discontinuing use of ACEIs/ARBs in the COVID-19 pandemic.
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COVID-19 • Hypertension
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Background

Coronavirus disease 2019 (COVID-19) has rapidly spread to the 
whole world and been officially declared a global pandemic by 
the World Health Organization (WHO) on 11 Mar 2020 [1,2]. A 
novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has been revealed to be responsible for COVID-19 infec-
tion [3,4]. Similar to SARS-CoV and Middle Eastern respiratory 
syndrome coronavirus (MERS), the viruses inducing the SARS 
and MERS epidemics, respectively, SARS-CoV-2 has a high af-
finity to angiotensin-converting enzyme 2 (ACE2) receptors, 
by which this virus can be transported into the lungs [2–5].

With the continuously increasing number of COVID-19 patients, 
a high prevalence of concomitant complications such as hyper-
tension and diabetes has been characterized and relevant dis-
ease severity and mortality has also been reported [4,6]. Given 
the fact that renin-angiotensin-aldosterone system (RAAS)-
inhibiting drugs are among the main guideline-recommended 
first-line medications for blood pressure control, it is extreme-
ly important to determine if these drugs are still suitable for 
patients with hypertension in the context of COVID-19 [4,7].

Regarding to this issue, the main controversy originates from 
2 perspectives. One perspective is supported by studies show-
ing ACE inhibitors (ACEIs) or angiotensin II receptor blockers 
(ARBs) can upregulate ACE2 receptors as a feedback response 
of angiotensin I (Ang I) downregulation, rendering more bind-
ing sites for SARS-CoV-2 and thus aggravating infection [8,9]. 
The other perspective is supported by investigations demon-
strating ACEIs/ARBs can exert beneficial effects through up-
regulating ACE2 expression, which can activate the ACE2/Ang 
1-7/MAS (MAS-related G protein-coupled receptor) pathway, 
thus ameliorating oxidative stress and inflammation respons-
es in acute lung injury models [2,10].

Therefore, as proposed by several recent published author-
itative reviews and research, studies on the association be-
tween RAAS inhibition therapy and treatment outcomes in 
COVID-19 patients are urgently needed [1,2,4]. For example, 
Li et al. [11] conducted a single-center retrospective study 
showing no association between ACEIs/ARBs intake and se-
verity or mortality of COVID-19 patients. A recent multi-cen-
ter study by Zhang et al. [12] demonstrated a positive rela-
tionship between inpatient use of ACEIs/ARBs with lower risk 
of all-cause mortality among hospitalized COVID-19 patients. 
Another study [13] even showed a negative role of ACEIs/
ARBs in the clinical outcomes of patients with COVID-19 and 
hypertension. Therefore, the present retrospective study was 
designed to share our multi-center experience and further in-
vestigate the efficacy and safety of ACEIs/ARBs in COVID-19 
patients with hypertension.

Material and Methods

Patients and study design

The medical records of COVID-19 patients with a hyperten-
sion history admitted to 2 local hospitals supported by mili-
tary medical teams in Wuhan, China, including Taikang Tongji 
(Wuhan) Hospital and Guanggu District, Maternity and Childcare 
Hospital of Hubei Province, from 17 Feb 2020 to 18 Mar 2020 
were carefully reviewed. A total of 210 patients were final-
ly included in this retrospective multi-center cohort study. 
Patients were assessed for eligibility on the basis of positive 
SARS-CoV-2 nuclei acid testing result by reverse transcription-
polymerase chain reaction (RT-PCR) with nasopharyngeal swab 
samples at a designated testing center on admission. RT-PCR 
utilized primers matching for N gene and ORF1ab region, and 
was conducted according to the manufacturer’s instructions 
(DAAN GENE, Guangzhou, China). Briefly, total RNA was extract-
ed from 200-μl liquid nasopharyngeal swab samples of each 
patient and was reverse-transcribed into cDNA. Then, RT-PCR 
reactions were performed with the following cycling parame-
ters: initial denaturation at 95°C for 15 min, followed by 45 cy-
cles at 94°C for 15 s and 55°C for 45 s. A melting curve analy-
sis was performed after each run to ensure a single amplified 
product for every reaction. A positive SARS-CoV-2 nuclei acid 
testing result was based on the positive test of both genes. 
COVID-19 patients over 18 years old complicated by definite 
history of hypertension with pneumonia performance on chest 
imaging (CT) and positive SARS-CoV-2 were screened and en-
rolled. COVID-19 patients with newly diagnosed hypertension 
at the time of admission were not included. The exclusion cri-
teria were pregnancy or lactation, acquired immune deficiency 
syndrome (AIDS), mental disorder with poor medication com-
pliance, cancer, decompensated liver or renal diseases, ago-
nal stage on admission, and incomplete medical records. This 
study was approved by the Medical Ethics Committee of the 
General Hospital of Northern Theater Command and collab-
orating hospitals, and the requirement for patient informed 
consent was waived.

Data collection

Patients’ baseline information, previous medical history, ad-
mission evaluation, blood pressure (BP) measurement during 
hospitalization, laboratory data, imagological examination, and 
clinical outcomes were collected. Baseline information includ-
ed age, sex, height (H), body weight (BW), and the calculated 
body mass index (BMI) using the formula BMI=BW (kg)/H(m)2. 
Previous medical history, especially comorbidities such as hy-
pertension, was extracted from the hospitalization records. 
Admission evaluation parameters included vital signs (body 
temperature, BP, heart rate, respiratory rate, and oxyhemo-
globin saturation) and severity assessment. BP fluctuation was 
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acquired from nursing records. Laboratory data including ion 
concentration, hepatic and renal function parameters, blood 
cell count, C-reactive protein (CRP), and interleukin-6 (IL-6) 
were collected from the laboratory information system. CT im-
age and reports were obtained from the radiographic system. 
Data on symptom relief or clinical improvement were careful-
ly extracted from the progress note files.

Admission evaluation and outcome measures

As released in the New Coronavirus Pneumonia Prevention and 
Control Program (7th trial edition) published by the National 
Health Commission of China, the clinical classification of 
COVID-19 consisted of 4 grades: mild (grade 1), ordinary 
(grade 2), severe (grade 3), and critical severe (grade 4) [14]. 
According to this classification system, patients were diag-
nosed with explicit severity on admission. In the present study, 
we defined patients in grade 1 and 2 as mild cases and pa-
tients in grade 3 and 4 as severe cases. To better differenti-
ate patient state and disease severity before hospitalization, 
a 7-category ordinal scale was also applied, consisting of the 
following categories: 1 no need for hospitalization, not affect-
ing normal activities; 2 no need for hospitalization, affecting 
normal activities; 3 hospitalization needed, not requiring sup-
plemental oxygen; 4 hospitalization needed, requiring supple-
mental oxygen; 5 hospitalization needed, requiring nasal high-
flow oxygen therapy, noninvasive mechanical ventilation, or 
both; 6 hospitalization needed, requiring extracorporeal mem-
brane oxygenation (ECMO), invasive mechanical ventilation, 
or both; and 7 death [15].

The primary outcomes we observed included mortality and 
7-category ordinal scale at discharge; the latter is commonly 
used in studies investigating severe influenza and COVID-19. 
Other outcomes included duration of hospital stay, duration 
of Intensive Care Unit (ICU) stay, BP control during hospitaliza-
tion, cases and ratio of days required from treatment initiation 
to symptom relief, first negative SARS-CoV-2 nuclei acid test-
ing result, and definite absorption of pulmonary infection as 
shown by CT images. BP control parameters consisted of ratio 
of days and absolute BP values above the normal range. The 
upper limit of the BP normal range was set as 139/89 mmHg.

Definitions

According to in-hospital antihypertensive drug application, pa-
tients were divided into 2 groups. Patients receiving ACEIs/ARBs 
with or without other antihypertensive drugs during hospital 
stay were defined as the ACEIs/ARBs group. Patients receiving 
other types of antihypertensive drugs but not ACEIs/ARBs were 
defined as the non- ACEIs/ARBs group. Other antihypertensive 
drugs included the commonly used calcium channel block-
ers (CCBs), b-blockers, and other drugs with antihypertensive 

effects, such as diuretics and nitrates. Hypertension was defined 
as systolic blood pressure (SBP) ³140 mmHg or diastolic blood 
pressure ³90 mmHg, in accordance with the 2018 European 
Society of Cardiology and European Society of Hypertension 
(ESC/ESH) Guidelines for the management of arterial hyper-
tension and the 2019 National Institute for Health and Care 
Excellence (NICE) guidelines for hypertension in adults [16,17].

Statistical analysis

Continuous variables were expressed as median and inter-
quartile range (IQR) and were compared by the nonparamet-
ric Mann-Whitney U test. Categorial variables were expressed 
as frequency and percentage and compared by the chi-square 
test or Fisher’s exact test. Propensity score matching (PSM) 
with a ratio of 1: 1 was conducted to adjust the effects of age, 
sex, BMI, previous comorbidities, vital signs, disease severity, 
ion concentration, hepatic and renal function, blood cell count, 
CRP, and IL-6 on the clinical outcomes. For better comparabil-
ity, a caliper size of 0.02 was used. Cumulative survival analy-
sis was performed using the Kaplan-Meier method. All statis-
tical analysis was performed using SPSS 22.0 (SPSS, Inc.) and 
Prism 8.0 (GraphPad). A two-tailed value of P<0.05 was con-
sidered to be statistically significant.

Results

General information

Following strict exclusion criteria, 232 COVID-19 patients with 
a history of hypertension were selected through preliminary 
screening, including 154 patients from Taikang Tongji (Wuhan) 
Hospital and 78 patients from Guanggu District, Maternity and 
Childcare Hospital of Hubei Province. After a second-round 
screening, 22 patients were further excluded, including 17 cas-
es switching from ACEIs/ARBs to other types of antihyperten-
sive drugs and 5 cases discontinuing antihypertensive drugs 
during hospitalization.

Finally, a total of 210 patients were included in the present 
study, with 100 males (47.62%) and 110 females (52.38%), 
and the median age was 67 (IQR 59.75–74) years (Table 1). 
As recorded in the medical files, 65 (30.95%) patients were di-
agnosed as severe cases on admission, including 52 cases in 
grade 3 (severe) and 13 cases in grade 4 (critical severe). The 
7-categorical ordinal scale data on admission showed that 99 
(47.14%) patients needed oxygen therapy (scale >3), including 
nasal low-flow oxygen therapy (89 cases, scale 4) and nasal 
high-flow or noninvasive mechanical ventilation oxygen ther-
apy (10 cases, scale 5). Regarding comorbidities, besides hy-
pertension, 136 (64.76%) patients were complicated with oth-
er diseases (Table 1). Since some patients were complicated 
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Parameters 
Overall
(n=210)

ACEIs/ARBs 
(n=81)

Non-ACEIs/ARBs 
(n=129)

P value

Age (years), median (IQR)  67.00 (59.75–74.00)  68.00 (61.50–76.00)  66.00 (59.00–72.50) 0.107

Male sex, n (%)  100 (47.62)  38 (46.91)  62 (48.06) 0.871

BMI, median (IQR)  24.15 (21.97–26.03)  24.22 (22.01–26.36)  24.09 (21.87–25.39) 0.357

Vital signs on admission

 Body temperature (°C), median (IQR)  36.50 (36.28–36.70)  36.50 (36.20–36.70)  36.50 (36.30–36.70) 0.422

 SpO2 (%), median (IQR)  97.00 (96.00–98.00)  97.00 (96.00–98.00)  97.00 (96.00–98.00) 0.680

 SBP (mmHg), median (IQR)
140.00

(129.00–150.00)
144.00 

(130.00–155.00)
140.00 

(128.00–147.00)
0.022

 DBP (mmHg), median (IQR)  84.00 (75.00–94.00)  83.00 (76.50–93.00)  85.00 (75.00–94.00) 0.770

 HR, median (IQR)  85.00 (78.00–94.00)  82.00 (77.50–92.50)  87.00 (80.00–95.00) 0.213

 RR, median (IQR)  20.00 (18.00–20.00)  20.00 (18.00–20.00)  20.00 (18.00–20.00) 0.408

7-categorical ordinal scale on admission

 =3, n (%)  111 (52.86)  32 (39.51)  79 (61.24) 0.002

 >3, n (%)  99 (47.14)  49 (60.49)  50 (38.76) 0.002

 4  89 (42.38)  42 (51.85)  47 (36.43) 0.028

 5  10 (4.76)  7 (8.64)  3 (2.33) 0.079

Classification on admission

 Mild cases, n (%)  145 (69.05)  55 (67.90)  90 (69.77) 0.776

  Grade 1  6 (2.86)  2 (2.47)  4 (3.10) 1.000

  Grade 2  139 (66.19)  53 (65.43)  86 (66.67) 0.854

 Severe cases, n (%)  65 (30.95)  26 (32.10)  39 (30.23) 0.776

  Grade 3  52 (24.76)  19 (23.46)  33 (25.58) 0.728

  Grade 4  13 (6.19)  7 (8.64)  6 (4.65) 0.243

Other comorbidities, n (%)  136 (64.76)  62 (76.54)  74 (57.36) 0.005

 Diabetes  55 (26.19)  22 (27.16)  33 (25.58) 0.800

 Hyperlipidemia  14 (6.67)  6 (7.41)  8 (6.20) 0.733

 Cardiovascular diseases  61 (29.05)  27 (33.33)  34 (26.36) 0.278

 Chronic respiratory diseases  19 (9.05)  5 (6.17)  14 (10.85) 0.250

 Cerebral vascular diseases  24 (11.43)  9 (11.11)  15 (11.63) 0.909

 Chronic liver diseases  11 (5.24)  5 (6.17)  6 (4.65) 0.630

 Chronic renal diseases  8 (3.81)  2 (2.47)  6 (4.65) 0.664

 Benign tumors  1 (0.48) 60 (0)  1 (0.78) 1.000

Laboratory test on admission

 K+ (mmol/L), median (IQR)  4.11 (3.84–4.41)  4.10 (3.81–4.39)  4.11 (3.85–4.46) 0.404

 Na+ (mmol/L), median (IQR)
139.85 

(138.18–141.33)
140.00 

(138.25–141.50)
139.80 

(138.05–141.35)
0.881

Table 1. Baseline characteristics and disease severity of all included COVID-19 patients complicated with hypertension.
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with more than 1 other disease, the total number of other co-
morbidities was not equal to sum of the specific diseases list-
ed. Other general informations of the included patients, such 
as vital signs and laboratory tests on admission, are also list-
ed in Table 1. The main in-hospital medications are summa-
rized in Table 2.

As shown in Table 3, the mortality rate in this study popula-
tion was 5.71% (12/210). The 7-categorical ordinal scale data 
at discharge showed that 190 (90.48%) patients remained at 
low scale (159 cases at scale 1 and 31 cases at scale 2), while. 
8 (3.81%, scale >2) patients still needed to be hospitalized 
in other specialized hospitals and 5 of them (2.38%, scale 4 
and 5) needed oxygen therapy. The median length of in-hos-
pital stay was 17 (IQR 13-21) days. Sixteen (7.62%) patients 
needed ICU stay, and the percentage of days in the ICU dur-
ing hospitalization was 73.86% (IQR 53.64–100%). Symptom 
relief was reported by 180 (85.71%) patients, as recorded in 
progress notes. In 203 (96.67%) patients, SARS-CoV-2 nuclei 
acid testing turned negative and 198 (94.29%) patients CT 

showed significant absorption of infection. Eleven (5.24%) ad-
verse events were recorded during hospitalization, including 
3 general events (pain, rash and pruritus), 4 digestive system 
events (nausea, vomiting and gaseous distension), 2 nervous 
system events (dizzy and headache), and 2 respiratory system 
events (chest distress).

Grouping and comparisons

According to in-hospital use of antihypertensive drugs (Table 2), 
of the 210 enrolled patients, 81 patients were allocated to the 
ACEIs/ARBs group and 129 patients were allocated to the non-
ACEIs/ARBs group. In the ACEIs/ARBs group, 16 (19.75%) pa-
tients received ACEIs and the other 65 (80.25%) used ARBs. No 
significant difference was observed in the application of oth-
er antihypertensive drugs, including CCBs, diuretics, b-block-
ers, and nitrates between groups, as well as other in-hospital 
medications such as antiviral drugs and antibiotics (Table 2). 
Regarding parameters on admission (Table 1), SBP [144 (IQR 
130–155) mmHg vs. 140 (128–147) mmHg] and CREA [61.23 

Table 1 continued. Baseline characteristics and disease severity of all included COVID-19 patients complicated with hypertension.

Parameters 
Overall
(n=210)

ACEIs/ARBs 
(n=81)

Non-ACEIs/ARBs 
(n=129)

P value

 Cl– (mmol/L), median (IQR)
104.40 

(102.10–106.30)
104.00 

(102.15–106.10)
104.70 

(102.05–106.35)
0.575

 ALT (U/L), median (IQR)  20.72 (15.57–30.46)  21.09 (16.43–31.36)  20.35 (14.63–30.67) 0.537

 GGT (U/L), median (IQR)  27.85 (18.08–38.29)  27.38 (17.78–36.50)  28.38 (18.30–40.83) 0.754

 TBIL (μmol/L), median (IQR)  10.53 (8.79–13.32)  10.40 (8.94–13.34)  10.64 (8.32–13.30) 0.892

 DBIL (μmol/L), median (IQR)  2.30 (1.69–3.36)  2.46 (1.77–3.86)  2.21 (1.64–3.12) 0.091

 IBIL (μmol/L), median (IQR)  8.30 (6.41–10.26)  8.40 (6.41–10.20)  8.28 (6.35–10.38) 0.993

 CREA (μmol/L), median (IQR)  59.58 (48.88–73.71)  61.23 (51.35–76.45)  58.35 (47.76–71.28) 0.047

 Urea (mmol/L), median (IQR)  5.20 (4.25–6.17)  5.20 (4.34–6.28)  5.13 (4.18–6.12) 0.375

 UA (μmol/L), median (IQR)
 302.12 

(246.10–351.68)
 310.00 

(241.78–369.07)
 296.40 

(246.80–346.72)
0.291

 WBC (109/L), median (IQR)  6.06 (4.84–7.03)  5.95 (4.99–6.84)  6.11 (4.77–7.22) 0.671

 NEUT (109/L), median (IQR)  3.48 (2.74–4.50)  3.45 (2.79–4.44)  3.55 (2.70–4.55) 0.969

 LYMPH (109/L), median (IQR)  1.50 (1.14–1.99)  1.65 (1.05–1.99)  1.48 (1.20–2.01) 0.609

 MONO (109/L), median (IQR)  0.50 (0.40–0.64)  0.46 (0.40–0.59)  0.51 (0.40–0.66) 0.164

 CRP (mg/L), median (IQR)  0.62 (0.50–4.41)  0.73 (0.50–4.32)  0.56 (0.50–4.52) 0.613

 IL-6 (pg/ml), median (IQR)  2.68 (1.50–6.65)  2.56 (1.50–6.24)  2.78 (1.50–6.74) 0.533

ACEIs – angiotensin-converting enzyme inhibitors; ARBs – angiotensin II receptor blockers; IQR – interquartile range; BMI – body 
mass index; SpO2 – oxyhemoglobin saturation; SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate; 
RR – respiratory rate; ALT – alanine aminotransferase; GGT – g-glutamyl transpeptidase; TBIL – total bilirubin; DBIL – direct bilirubin; 
IBIL – indirect bilirubin; CREA – creatinine; UA – uric acid; WBC – white blood cells; NEUT – neutrophil; LYMPH – lymphocyte; 
MONO – monocyte; CRP – C-reactive protein; IL-6 – interleukin-6; SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2.
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(IQR 51.35–76.45) μmol/L vs. 58.35 (IQR 47.76–71.28) μmol/L] 
of the ACEIs/ARBs group was significantly higher than that of 
the non-ACEIs/ARBs group (P<0.05). We found no significant 
difference in age, sex, BMI, other vital signs (body tempera-
ture, SpO2, DBP, HR and RR), or other laboratory test results 
(e.g., WBC, CRP, IL-6, and other liver/renal function param-
eters) was detected between groups. Classification analysis 
showed no significant difference in the distribution of mild 
(grade 1 and 2) or severe (grade 3 and 4) cases between the 
2 groups (Table 1). However, as shown by 7-categorical or-
dinal scale data on admission, there were more cases with 
scale >3 in the ACEIs/ARBs group than in the non-ACEIs/ARBs 
group [49 (60.49%) vs. 50 (38.76%), P=0.002], and this differ-
ence was mainly due to patients in scale 4 [42 (51.85%) vs. 
47 (36.43%), P=0.028], indicating more patients needed oxy-
gen therapy, and thus showing a worse state of illness in the 
ACEIs/ARBs group. Besides hypertension, a second or more co-
morbidities were more prevalent in the ACEIs/ARBs group [62 
(76.54%) vs. 74 (57.36%), P=0.005].

As shown by Table 3, mortality in the ACEIs/ARBs group was 
higher than in the non-ACEIs/ARBs group [7 (8.64%) vs. 5 
(3.88%)], but the difference was not significant (P=0.148). 
Survival analysis showed that the difference in cumulative 
survival rates between groups was not significant (Figure 1A, 
c2=2.552, P=0.11). The 7-category ordinal scale data at dis-
charge showed more patients still needed to be hospitalized 
in other specialized hospitals (scale >2) in ACEIs/ARBs group 

[12 (14.81%) vs. 8 (6.20%), P=0.038]. As compared with the 
non-ACEIs/ARBs group, in the ACEIs/ARBs group there were 
significantly more cases that needed ICU stay [10 (12.35%) 
vs. 6 (4.65%), P=0.041], higher percentage of days of BP 
above normal range [46.15% (IQR 27.89–76.70%) vs. 38.46% 
(13.96–61.39%), P=0.012], and greater mSBP [7 (IQR 3–11.72) 
mmHg vs. 5 (0–10.85) mmHg, P=0.025] and eSBP [8.79 (IQR 
4–13.12) mmHg vs. 6 (1.25–10.88) mmHg, P=0.003] fluctua-
tion. However, the percentage of days required from treatment 
initiation to definite CT-shown absorption of pulmonary infec-
tion was significantly increased in the non-ACEIs/ARBs group 
[63.64% (45–78.57%) vs. 75% (58.33–84.62%), P=0.004]. No 
significant differences in other clinical outcomes were observed 
between groups, including length of in-hospital stay and num-
ber of cases with symptom relief, SARS-CoV-2 nuclei acid test-
ing turning negative, or CT-shown absorption of pulmonary in-
fection, as well as percentage of days required from treatment 
initiation to symptom relief or first negative SARS-CoV-2 nuclei 
acid testing result. The difference in ratio of adverse events 
between the 2 groups was not significant (Table 3).

Propensity score matching

To increase the comparability of the 2 groups and better reveal 
effects of ACEIs/ARBs on the clinical outcomes of COVID-19 pa-
tients with hypertension, a 1: 1 PSM analysis was applied to ad-
just for potential confounding factors, including age, sex, BMI, vi-
tal signs, 7-categorical ordinal scale, classification, comorbidities, 

Parameters 
Overall 
(n=210)

ACEIs/ARBs 
(n=81)

Non-ACEIs/ARBs 
(n=129)

P value

Main in-hospital medications, n (%)

 Antiviral drugs  176 (83.81)  70 (86.42)  106 (82.17) 0.416

 Antibiotics  75 (35.71)  34 (41.98)  41 (31.78) 0.123

 Traditional Chinese Medicine  192 (91.43)  75 (92.59)  117 (90.70) 0.633

 Antidiabetic drugs  48 (22.86)  20 (24.69)  28 (21.71) 0.616

 Glucocorticoid  60 (28.57)  28 (34.57)  32 (23.02) 0.127

 Immunoglobulin  78 (37.14)  33 (40.74)  45 (34.88) 0.393

 ACEIs  16 (7.62)  16 (19.75)  0 (0.0) 0.000

 ARBs  65 (30.95)  65 (80.25)  0 (0.0) 0.000

 CCBs  139 (66.19)  49 (60.49)  90 (69.77) 0.167

 Diuretics  18 (8.57)  10 (12.35)  8 (6.20) 0.122

 b-blockers  60 (28.57)  28 (34.57)  32 (24.81) 0.127

 Nitrates  18 (8.57)  5 (6.17)  13 (10.08) 0.325

 Antiplatelets or anticoagulants  64 (30.48)  29 (35.80)  35 (27.13) 0.184

 Lipid-lowering drugs  56 (26.67)  25 (30.86)  31 (24.03) 0.276

Table 2. Main in-hospital medications of all included COVID-19 patients complicated with hypertension.

ACEIs – angiotensin-converting enzyme inhibitors; ARBs – angiotensin II receptor blockers; CCBs – calcium channel blockers.
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Parameters 
Overall 
(n=210)

ACEIs/ARBs 
(n=81)

Non-ACEIs/ARBs 
(n=129)

P value

Clinical outcomes

 Death during hospitalization, n (%)  12 (5.71)  7 (8.64)  5 (3.88) 0.148

 7-categorical ordinal scale at discharge

  £2, n (%)  190 (90.48)  69 (85.19)  121 (93.80) 0.038

  1  159 (75.71)  56 (69.14)  103 (79.84) 0.078

  2  31 (14.76)  13 (16.05)  18 (13.95) 0.677

  >2, n (%)  20 (9.52)  12 (14.81)  8 (6.20) 0.038

  3  3 (1.43)  1 (1.23)  2 (1.55) 1.000

  4  4 (1.90)  3 (3.70)  1 (0.78) 0.321

  5  1 (0.48)  1 (1.23)  0 (0) 0.814

  6  0 (0)  0 (0)  0 (0)

  7  12 (5.71)  7 (8.64)  5 (3.88) 0.148

 Days of hospital stay, median (IQR)  17.00 (13.00–21.00) 17.00 (13.00–21.00) 17.00 (13.00–21.00) 0.820

  Number of ICU stay cases during 
hospitalization, n (%)

 16 (7.62)  10 (12.35)  6 (4.65) 0.041

  Ratio of ICU days during hospitalization (%), 
median (IQR)

73.86 
(53.64–100.00)

72.08 
(54.24–100.00)

87.50 
(42.62–100.00)

0.781

 Number of cases with symptom relief, n (%)  180 (85.71)  71 (87.65)  109 (84.50) 0.524

  Ratio of days from treatment initiation to 
symptom relief (%), median (IQR)

 38.80 
(17.85–66.67)

 36.36 
(19.23–77.78)

 41.67 
(14.64–62.50)

0.628

  Number of cases with SARS-CoV-2 nuclei 
acid testing turning negative, n (%)

 203 (96.67)  77 (95.06)  126 (97.67) 0.528

  Ratio of days from treatment initiation to 
first negative SARS-CoV-2 nuclei acid testing 
(%), median (IQR)

 30.00 (15.38–47.06) 30.00 (14.84–47.14) 29.29 (15.38–47.20) 0.795

  Number of cases with CT-shown absorption 
of pulmonary infection, n (%)

 198 (94.29)  75 (92.59)  123 (95.35) 0.402

  Ratio of days from treatment initiation to 
definite CT-shown absorption of pulmonary 
infection (%), median (IQR)

 69.78 (53.62–82.61) 63.64 (45.00–78.57) 75.00 (58.33–84.62) 0.004

   Ratio of days of BP above normal range (%), 
median (IQR)

 41.67 (16.50–67.11) 46.15 (27.89–76.70) 38.46 (13.96–61.39) 0.012

BP values above normal range

 mSBP (mmHg), median (IQR)  5.79 (1.00–11.38)  7.00 (3.00–11.72)  5.00 (0.00–10.85) 0.025

 mDBP (mmHg), median (IQR)  1.00 (0.00–5.00)  3.00 (0.00–5.75)  1.00 (0.00–4.58) 0.201

 eSBP (mmHg), median (IQR)  7.08 (3.00–11.75)  8.79 (4.00–13.12)  6.00 (1.25–10.88) 0.003

 eDBP (mmHg), median (IQR)  3.00 (0.00–6.50)  3.00 (0.00–7.04)  3.00 (0.00–6.50) 0.697

Adverse events, n (%)  11 (5.24)  5 (6.17)  6 (4.65) 0.630

 General  3 (1.43)  0 (0) 63 (2.33) 0.432

 Digestive system  4 (1.91)  2 (2.47)  2 (1.55) 1.000

 Nervous system  2 (0.95)  2 (2.47)  0 (0) 0.288

 Respiratory system  2 (0.95)  1 (1.23)  1 (0.77) 1.000

Table 3. Clinical outcomes and adverse events of all included COVID-19 patients complicated with hypertension.

ACEIs – angiotensin-converting enzyme inhibitors; ARBs – angiotensin II receptor blockers; IQR – interquartile range; 
SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2; CCBs – calcium channel blockers; ICU – Intensive Care Unit; 
m/eSBP – morning/evening systolic pressure; m/eDBP – morning/evening diastolic pressure.
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and laboratory tests on admission. There were 124 patients 
(62 patients from each group) who were 1: 1 matched, and the 
median age was 68 (IQR 59.25–75) years. Sixty-three (50.81%) 
patients were males, 40 (32.26%) were severe cases, and 91 
(73.39%) were complicated with other comorbidities. Other 
parameters, such as BMI, vital signs, and laboratory tests on 
admission, are described in Table 4. Among PSM selected pa-
tients, 8 (6.45%) patients died and 17 (13.71%) patients had 
7-categorical ordinal scale >2 at discharge (Table 5). The medi-
an length of in-hospital stay was 16.5 (IQR 13–21) days, and 6 
(4.84%) adverse events were observed during hospitalization. 
Other clinical outcomes were also listed in Table 5.

As shown by group comparison results after PSM adjustment 
(Table 4), all parameters before treatment initiation and pa-
tient allocation were equalized, including age, sex, BMI, vital 
signs and laboratory tests, other comorbidities, 7-categorical 
ordinal scale, and classification on admission. Table 5 shows 
that the mortality rate was not significantly different between 
the 2 groups [6.45% (4/62)] and no significant difference was 
detected between groups in 7-categorical ordinal scale data at 
discharge, percentage of days of BP above normal range and 
BP fluctuation during hospitalization, or percentage of days re-
quired from treatment initiation to definite CT-shown absorp-
tion of pulmonary infection (P>0.05). We did not find any signif-
icant difference in cumulative survival rate (Figure 1B, c2=0.001, 
P=0.969) or other clinical outcomes (Table 5), including length 
of in-hospital stay, number of cases and duration of ICU stay, 
number of cases with symptom relief, SARS-CoV-2 nuclei acid 
testing turning negative, or CT-shown absorption of infection, 
as well as percentage of days required from treatment initia-
tion to symptom relief, first negative SARS-CoV-2 nuclei acid 
testing result, and CT amelioration (P>0.05).

Discussion

Although it has not been directly demonstrated that RAAS in-
hibitors can upregulate ACE2 expression in human lung tis-
sues, some previous studies did report increased expression 
of ACE2 in rat models and human cells in vitro [1,8,9]. Such 
findings raise concerns about the use of ACEIs/ARBs, which 
could possibly increase the infectivity of SARS-CoV-2. However, 
more studies support ed the positive effects of ACEIs/ARBs. 
Several recent studies have shown a beneficial role of ACE2 in 
the protective effects on lung injury models, which was medi-
ated by activation of ACE2/Ang 1-7/MAS pathway, leading to 
counteracting effects against the detrimental role of oxidative 
stress and inflammation responses [1,2,10]. Thus, possible el-
evation of ACE2 expression by ACEIs/ARBs may not necessar-
ily be harmful, but instead may be beneficial. Based on the 
above concerns, antihypertensive therapy with ACEIs/ARBs in 
the context of COVID-19 becomes questionable.

Because of the continuous heated debate about the role of 
ACEIs/ARBs in COVID-19 patients with hypertension, relevant 
studies, especially clinical prospective trials and retrospective 
analysis, are urgently needed to help answer this question in 
the setting of the still growing pandemic of COVID-19 [1,4,18]. 
Due to the lack of clinical data and evidence, recently published 
specialist statements and comments strongly recommended 
the continuous use of ACEIs/ARBs in COVID-19 patients com-
plicated with hypertension [6,19]. The experts also called for 
studies investigating the effect of ACEIs/ARBs medication on 
clinical outcomes of COVID-19 patients [6,19].

To date, limited data has aggravated the controversy about 
the advantage/disadvantage of ACEIs/ARBs application in 
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Figure 1.  Survival analysis before (A) and after (B) propensity score matching of COVID-19 patients complicated with hypertension. 
ACEIs – angiotensin-converting enzyme inhibitors; ARBs – angiotensin II receptor blockers.
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Parameters Overall (n=124) ACEIs/ARBs (n=62) Non-ACEIs/ARBs (n=62) P value

Age (years), median (IQR)  68.00 (59.25–75.00)  68.50 (58.88–76.00)  67.00 (59.75–74.25) 0.725

Male sex, n (%)  63 (50.81)  33 (53.23)  30 (48.39) 0.590

BMI, median (IQR)  24.09 (21.97–25.95)  23.98 (21.66–26.10)  24.11 (22.15–25.36) 0.958

Vital signs on admission

  Body temperature (°C), median 
(IQR)

 36.50 (36.20–36.70)  36.50 (36.20–36.73)  36.50 (36.30–36.70) 0.418

 SpO2 (%), median (IQR)  97.00 (96.00–98.00)  97.00 (96.00–98.00)  97.00 (96.00–98.00) 0.974

 SBP (mmHg), median (IQR)
 142.50 

(130.00–150.75)
 143.00 

(128.00–151.00)
 140.50 

(130.00–149.00)
0.774

 DBP (mmHg), median (IQR)  84.50 (77.00–92.75)  83.50 (78.00–92.25)  86.50 (74.25–93.00) 0.992

 HR, median (IQR)  86.00 (80.00–94.00)  85.50 (77.75–95.00)  86.50 (80.00–94.25) 0.979

 RR, median (IQR)  20.00 (18.00–20.00)  20.00 (18.00–20.25)  20.00 (18.00–20.25) 0.932

7-categorical ordinal scale on admission

 £3, n (%)  15 (12.10)  9 (14.52)  6 (9.68) 0.409

 >3, n (%)  109 (87.90)  53 (85.48)  56 (90.32) 0.409

Classification on admission

 Mild cases, n (%)  84 (67.74)  42 (67.74)  42 (67.74) 1.000

 Severe cases, n (%)  40 (32.26)  20 (32.26)  20 (32.26) 1.000

 Other comorbidities, n (%)  91 (73.39)  44 (70.97)  47 (75.81) 0.542

Laboratory test on admission

 K+ (mmol/L), median (IQR)  4.10 (3.82–4.41)  4.09 (3.81–4.39)  4.11 (3.82–4.41) 0.585

 Na+ (mmol/L), median (IQR)
 139.80 

(138.00–141.30)
 140.00 

(138.30–141.90)
 139.30 

(137.70–140.93)
0.220

 Cl– (mmol/L), median (IQR)
 104.00 

(101.83–105.98)
 104.00 

(102.33–106.05)
 103.85 

(101.30–105.93)
0.621

 ALT (U/L), median (IQR)  21.89 (15.76–34.25)  22.41 (16.33–35.46)  20.34 (15.37–33.24) 0.930

 GGT (U/L), median (IQR)  27.42 (18.96–36.75)  27.75 (18.68–35.55)  27.13 (18.99–40.74) 0.606

 TBIL (μmol/L), median (IQR)  11.22 (9.63–14.07)  10.76 (9.23–14.33)  11.37 (9.88–14.06) 0.616

 DBIL (μmol/L), median (IQR)  2.34 (1.80–3.64)  2.38 (1.80–3.92)  2.30 (1.80–3.30) 0.614

 IBIL (μmol/L), median (IQR)  8.54 (6.87–10.28)  8.47 (6.58–10.26)  8.68 (7.51–10.74) 0.470

 CREA (μmol/L), median (IQR)  60.79 (49.62–74.55)  60.77 (50.47–79.74)  60.82 (48.56–73.84) 0.266

 Urea (mmol/L), median (IQR)  5.19 (4.19–6.30)  5.12 (4.20–6.18)  5.39 (4.18–6.31) 0.565

 UA (μmol/L), median (IQR)
 300.71 

(242.42–370.07)
 300.76 

(239.17–389.15)
 299.24 

(247.02–352.76)
0.744

 WBC (109/L), median (IQR)  6.12 (5.05–7.08)  5.95 (5.11–6.75)  6.26 (4.94–7.40) 0.120

 NEUT (109/L), median (IQR)  3.51 (2.75–4.72)  3.44 (2.83–4.50)  3.63 (2.72–4.95) 0.375

Table 4.  Baseline characteristics and disease severity of COVID-19 patients complicated with hypertension after propensity score 
matching.
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the context of COVID-19. Guo et al. reported that prior use of 
ACEIs/ARBs could indirectly negatively affect the clinical out-
comes of COVID-19 patients through the elevation of tropo-
nin levels [13]. However, more studies found a positive role 
of these RAAS inhibitors [12,20]. A recent retrospective study 
by Zhang et al. [12] demonstrated that the inpatient use of 
ACEIs/ARBs was associated with lower risk of all-cause mor-
tality. Another study also gave support to this positive conclu-
sion [20]. In a newly published retrospective study reviewed 18 
472 patients taking ACEIs/ARBs at the time of COVID-19 test-
ing, PSM analysis showed no association between ACEIs/ARBs 
intake and SARS-CoV-2 nuclei acid test positivity [21].

Our present study retrospectively reviewed 210 COVID-19 pa-
tients with history of hypertension from multiple centers, an-
alyzed more parameters other than mortality, and observed 
the efficacy and safety of ACEIs/ARBs medication. A general 
comparison showed use of ACEIs/ARBs was associated with 
worse clinical outcomes, including more cases in high 7-cat-
egorical ordinal scale (>2) at discharge, indicating more pa-
tients still needed to be hospitalized or receive oxygen ther-
apy in other specialized hospitals, more cases required ICU 
stay, a higher ratio of days of BP above normal range, and 
more fluctuations of mSBP and eSBP during hospitalization. 
However, ACEIs/ARBs were also associated with a lower ra-
tio of days required for CT-shown absorption of pulmonary 
infection from treatment initiation. Since more patients with 
7-categorical ordinal scale >3 and other comorbidities were 
allocated to the ACEIs/ARBs group and their SBP on admis-
sion was also significantly higher, the disease severity in the 
2 groups might be imbalanced, thus interfering with the final 
statistical comparison. Therefore, we performed PSM analy-
sis to adjust for these confounding factors. As compared with 
the recently published study by Zhang et al. [12], which also 
adjusted for potential confounding factors such as age, sex, 
and comorbidities with a mixed-effects Cox model and PSM 

analysis, our study considered more factors directly or indi-
rectly related with disease severity, making group comparison 
more accurate. After a 1: 1 match process, 62 patients from 
each group were retained with equalized baseline character-
istics and disease severity. Further statistical analysis showed 
ACEIs/ARBs use did not affect in-hospital mortality, cumula-
tive survival rate, or other clinical outcomes. The ratio of ad-
verse events was also similar in patients taking ACEIs/ARBs 
and those taking non- ACEIs/ARBs.

Recently published observational and case-control studies 
showed no association between RAAS inhibitors with inpa-
tient mortality, hospitalization rate, or risk of infection during 
the COVID-19 pandemic [22–25]. For instance, Li et al. [11] an-
alyzed 1178 hospitalized patients with COVID-19 infections and 
found that ACEIs/ARBs were not associated with the severity 
or mortality rate in these patients. Consistent with these view-
points, the present study found inpatient mortality and cumu-
lative survival rate was not changed by the use of ACEIs/ARBs. 
Besides, ACEIs/ARBs did not affect other clinical outcomes, such 
as length of in-hospital and ICU stay, ratio of patients with symp-
tom relief and negative SARS-CoV-2 nuclei acid test, and BP 
control. Meanwhile, the ratio of adverse events was not differ-
ent with and without using ACEIs/ARBs, indicating good safety 
of ACEIs/ARBs intake by COVID-19 patients with hypertension.

The retrospective design of the present study limits the strength 
of our findings. Future randomized controlled trials with larger 
sample sizes are still urgently needed. Since the outbreak of 
COVID-19 has severely affected the normal medical service and 
consumed medical resources, some clinical parameters are not 
available or are incomplete. As a global pandemic, COVID-19 has 
shown ubiquitous infectivity and virulence around the world, 
future studies investigating the difference between races and 
districts are badly needed to better understand the pathogen-
esis and propagation characteristics of this new virus.

Table 4 continued.  Baseline characteristics and disease severity of COVID-19 patients complicated with hypertension after propensity 
score matching.

ACEIs – angiotensin-converting enzyme inhibitors; ARBs – angiotensin II receptor blockers; IQR – interquartile range; BMI – body 
mass index; SpO2 – oxyhemoglobin saturation; SBP – systolic blood pressure; DBP – diastolic blood pressure; HR – heart rate; 
RR – respiratory rate; ALT – alanine aminotransferase; GGT – g-glutamyl transpeptidase; TBIL – total bilirubin; DBIL – direct bilirubin; 
IBIL – indirect bilirubin; CREA – creatinine; UA – uric acid; WBC – white blood cells; NEUT – neutrophil; LYMPH – lymphocyte; 
MONO – monocyte; CRP – C-reactive protein; IL-6 – interleukin-6; SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2.

Parameters Overall (n=124) ACEIs/ARBs (n=62) Non-ACEIs/ARBs (n=62) P value

 LYMPH (109/L), median (IQR)  1.54 (1.06–1.99)  1.68 (1.05–2.00)  1.48 (1.09–2.00) 0.436

 MONO (109/L), median (IQR)  0.50 (0.41–0.65)  0.46 (0.40–0.64)  0.51 (0.44–0.65) 0.247

 CRP (mg/L), median (IQR)  0.75 (0.50–5.88)  0.50 (0.50–4.28)  1.42 (0.50–8.95) 0.670

 IL-6 (pg/ml), median (IQR)  2.75 (1.5–6.97)  2.56 (1.50–5.30)  3.19 (1.61–8.18) 0.312
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Parameters 
Overall 
(n=124)

ACEIs/ARBs 
(n=62)

Non-ACEIs/ARBs 
(n=62)

P value

Clinical outcomes

 Death during hospitalization, n (%) 8 (6.45) 4 (6.45) 4 (6.45) 1.000

 7-categorical ordinal scale at discharge

  £2, n (%) 107 (86.29) 52 (83.87) 55 (88.71) 0.433

  >2, n (%) 17 (13.71) 10 (16.13) 7 (11.29) 0.433

 Days of hospital stay, median (IQR) 16.50 (13.00-21.00) 17.00 (13.00-22.00) 16.00 (13.00-20.00) 0.768

  Number of ICU stay cases during 
hospitalization, n (%)

14 (11.29) 8 (12.90) 6 (9.68) 0.570

  Ratio of ICU days during hospitalization 
(%), median (IQR)

73.86 (51.43-100.00) 72.08 (53.64-97.22) 87.50 (42.62-100.00) 0.755

  Number of cases with symptom relief, 
n (%)

108 (87.10) 54 (87.10) 54 (87.10) 1.000

  Ratio of days from treatment initiation 
to symptom relief (%), median (IQR)

36.75 (20.21-59.13) 35.83 (20.63-78.33) 40.06 (19.84-55.73) 0.621

  Number of cases with SARS-CoV-2 
nuclei acid testing turning negative, n 
(%)

120 (96.77) 60 (96.77) 60 (96.77) 1.000

  Ratio of days from treatment initiation 
to first negative SARS-CoV-2 nuclei acid 
testing (%), median (IQR)

28.99 (15.10-46.54) 29.71 (16.17-45.98) 27.62 (14.29-47.48) 0.937

  Number of cases with CT-shown 
absorption of pulmonary infection, n 
(%)

114 (91.94) 58 (93.55) 56 (90.32) 0.742

  Ratio of days from treatment initiation 
to definite CT-shown absorption of 
pulmonary infection (%), median (IQR)

68.47 (52.57-81.95) 66.67 (44.46-80.31) 69.78 (58.33-83.99) 0.211

  Ratio of days of BP above normal range 
(%), median (IQR)

43.30 (21.63-71.22) 42.33 (26.34-73.30) 44.16 (15.95-67.65) 0.577

 BP values above normal range

  mSBP (mmHg), median (IQR) 6.70 (2.00-11.67) 7.00 (3.00-11.54) 5.93 (0.75-11.75) 0.414

  mDBP (mmHg), median (IQR) 2.00 (0.00-4.97) 3.13 (0.00-5.55) 1.00 (0.00-4.38) 0.425

  eSBP (mmHg), median (IQR) 7.66 (3.50-12.32) 8.00 (3.66-12.75) 7.07 (3.28-11.99) 0.419

  eDBP (mmHg), median (IQR) 2.50 (0.00-6.46) 2.75 (0.00-6.63) 2.42 (0.00-6.38) 0.997

Adverse events, n (%) 6 (4.84) 3 (4.84) 3 (4.84) 1.000

Table 5. Clinical outcomes and adverse events of COVID-19 patients complicated with hypertension after propensity score matching.

ACEIs – angiotensin-converting enzyme inhibitors; ARBs – angiotensin II receptor blockers; IQR – interquartile range; 
SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2; CCBs – calcium channel blockers; ICU – Intensive Care Unit; 
m/eSBP – morning/evening systolic pressure; m/eDBP – morning/evening diastolic pressure.
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Conclusions

Use of ACEIs/ARBs was not different in COVID-19 patients 
complicated with hypertension. ACEIs/ARBs have no impact 
on mortality, length of in-hospital and ICU stay, BP control, and 

ratio of adverse events in the context of the COVID-19 pan-
demic. Therefore, ACEIs/ARBs should not be discontinued or 
switched to other types of antihypertensive drugs unless nec-
essary for long-term therapy of hypertension.
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