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Abstract: Objective: We aimed to investigate the extent of pulmonary involvement and adverse outcomes in patients re-
ceiving angiotensin-converting enzyme inhibitor (ACEI)/ angiotensin II receptor blocker (ARB) versus who did
not, in hospitalized coronavirus infectious disease 2019 (COVID-19) patients.
Method: All COVID-19 patients with a positive polymerase chain reaction (PCR) test, who were admitted to
our tertiary referral hospitals in Tehran, Iran between January 2021 and May 2021, and had an on-admission
chest computed tomography (CT) scan, were included. The patients were divided into two groups (receiving
ACEI/ARB and who did not) for further analysis. The outcomes of interest in our study were the extent of pul-
monary involvement, intensive care unit (ICU) admission, and death.
Results: A total of 893 participants (mean age of 58.6±15.4 years; female, 522 (58.4%)) were enrolled. Among
them, 368 (41.2%) participants had hypertension, and use of ACEI/ARB was reported in 183 (20.5%) partici-
pants. Of all, 409 (45.8%) participants required ICU admission, and 259 (29%) participants succumbed to death.
We found that participants who received ACEI/ARB were less likely to progress critical disease and experienced
significantly lower ICU admission (P=0.022) and death (P<0.001). On multivariable analysis adjusting for age,
sex, and comorbidities, this relationship remained statistically significant for death (odds ratio (OR): 0.23 [0.14-
0.38], P<0.001) and ICU admission (OR: 0.49 [0.32-0.73], P=0.001).
Conclusion: Our findings showed that COVID-19 patients who receiving ACEI/ARB prior to hospitalization vs.
those who did not, had more favorable outcomes.
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1. Introduction

SARS-CoV-2, the etiologic pathogen of coronavirus infec-

tious disease 2019 (COVID-19), requires the angiotensin-

converting enzyme 2 (ACE2) receptor to internalize into

host cells and undergo replication (1). Chronic treatment

with renin-angiotensin system (RAS) inhibitors, angiotensin-

converting enzyme inhibitors (ACEI), and angiotensin II re-

ceptor blockers (ARB), which are generally utilized to man-

age hypertension (HTN), diabetes mellitus (DM), or cardio-

vascular disorders (CAD), has been shown to boost the ACE2

receptor expression in host tissues (2, 3). Furthermore, previ-

ous studies also showed that HTN was linked to negative out-

comes in the COVID-19 patients (4-6). Hence, scientists hy-

pothesized that the patients receiving chronic RAS inhibitor

agents may be more susceptible to SARS-CoV-2 infection or

develop a severe disease (1).

In contrast, it was claimed that upregulation of ACE2 recep-

tors has been associated with better outcomes and lower pul-

monary involvement (PI) in COVID-19 infected patients (7).

Besides, the withdrawal of RAS inhibitor agents in high-risk

patients could accompany worse outcomes in the current

outbreak (8).

There is a discrepancy in the literature regarding the advan-

tages and disadvantages of continuing the RAS inhibitors in

the COVID-19 pandemic. To elaborate on, several studies

found significantly lower risk of all-cause mortality, mechan-

ical ventilation, and intensive care unit (ICU) admission in

patients on RAS inhibitors (9-11). On the other hand, other

distinct studies reported the opposite findings (12, 13). Using
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systematic review and meta-analysis, scientists tried to solve

this controversy and showed no significant association (14,

15). Therefore, it seems that the RAS inhibitors have para-

doxical effects in being infected or progression of COVID-19

disease, raising concerns regarding the beneficial or harm-

ful effect of RAS inhibitors in COVID-19 patients. The opti-

mal management of HTN in the COVID-19 pandemic is un-

certain and requires more clarification. Besides, no previ-

ous study has compared the extent of PI between two groups.

Hence, we aimed to investigate the extent of PI and adverse

outcomes in patients receiving RAS inhibitors vs. no-RAS in-

hibitors in hospitalized COVID-19 patients as well as in hy-

pertensive COVID-19 patients.

2. Methods

2.1. Study design and participants

This cross-sectional retrospective study was reviewed and

approved by the Institutional Review Board (IRB) of our in-

stitute and local ethics committee (IR.AJAUMS.REC.1399.22),

and due to the study’s retrospective design, the written in-

formed consent was waived. All COVID-19-infected patients

with a positive rRT-PCR who were admitted to our tertiary

referral hospitals (Imam Khomeini Hospital Complex (IKHC)

and AJA 501 hospital) in Tehran, Iran between January 2021

and May 2021 and had an on-admission chest CT scan were

included. Exclusion criteria were: (a) patients with an un-

certain outcome; and (b) incomplete required medical data:

including past medical and drug history and on-admission

vital signs. All hospital or ICU admission criteria, treatment

regimens, and discharge criteria were based on the most re-

cent edition of the relevant national guidelines. The adverse

outcomes of interest in our study were: (a) the extent of PI;

(b) ICU admission; and (c) in-hospital mortality.

2.2. Data collection

All the following data were recorded: (a) demographic data:

age (year) and sex; (b) on-admission vital signs: oxygen sat-

uration (SpO2, %), respiratory rate (RR, per minute), systolic

and diastolic blood pressure (BP, mmHg), pulse rate (PR, per

minute), and temperature (◦C); (c) comorbidities: HTN, DM,

and immunocompromised conditions (patients with cancer

treated with chemoradiation therapy, hereditary or acquired

immunodeficiency diseases, transplant, or long-term corti-

costeroid usage); (d) use of ACEI and/or ARB medications;

and (e) adverse events: ICU admission or death.

2.3. Image acquisition and interpretation

All CT images were acquired on-admission with full inspira-

tion in the supine position with no contrast injection. All CT

scans were obtained on a 16-slice (Siemens SOMATOM Emo-

tion, Erlangen, Germany) multi-detector CT scanner. CT pa-

rameters were set at tube current 70 mAs, tube voltage 130

kVp, slice width 5 mm, beam collimation 1.2 mm, and tube

rotation time 0.6 seconds; slices were reconstructed with a

lung B70f sharp kernel and a mediastinum B20f smooth ker-

nel (Siemens Healthineers, Erlangen, Germany), along with

coronal and sagittal multiplanar reconstructions, with a 1.2

mm reconstructed slice thickness.

Chest CT images were independently assessed by two board-

certified diagnostic radiologists who were blinded to the clin-

ical data of the patients. To measure inter-rater reliability,

the intraclass correlation coefficient (ICC) was determined.

If the ICC was less than 0.8, any discrepancy in image inter-

pretation was resolved by consensus. If the ICC was higher

than 0.8, the values provided by the radiologist with more ex-

perience were considered. To determine the severity of PI, a

semi-quantitative scoring method was used. GGO and con-

solidation were evaluated in all five lobes of the lung. Each

lobe was given a score from 0 to 5 based on its percentage

of involvement (0: no involvement, 1: ≤5%, 2: 6–25%, 3:

26–50%, 4: 51–75%, and 5: >76%). Each lobe has a maximum

score of 5 points; hence, the overall score varies from 0 to 25

(16, 17).

2.4. Statistical analysis

All the statistical analyses were performed in the SPSS for

Windows (Version 16, Chicago, IL, USA). Frequency (per-

centage) and mean (standard deviation (SD)) were reported

as qualitative and quantitative variables, respectively. The

Kolmogorov–Smirnov two-sample test was used to deter-

mine the data’s normality. Association analyses were per-

formed using either t-test, Man–Whitney U test, or Chi-

square test. ICC—two-way mixed, single measures, absolute

agreement—was used to evaluate the inter-rater reliability of

two radiologists’ measurements. Multivariable binary logis-

tic regression with enter method was performed to adjust for

possible confounders.

3. Results

A total of 893 participants were enrolled in the current study.

The mean age was 58.6 ± 15.4 years, and women (522 (58.4%))

comprised the most participants. Among them, 368 (41.2%)

participants had HTN, and treatment with ACEI/ARB was re-

ported in 183 (20.5%) participants. Among all participants,

409 (45.8%) participants required ICU admission, and 259

(29%) participants succumbed to death (Table 1). Of note,

there was an excellent agreement between two radiologists

(ICC= 0.91, P < 0.001).

Our analysis indicated that patients on ACEI/ARB were older

(63.4 ± 14.6 vs. 57.4 ± 15.4 years; P < 0.001) and had higher

rates of HTN (89.1% vs. 28.9%; P < 0.001), DM (47.0% vs.

33.0%; P < 0.001). Systolic (131.9 ± 22.9 vs. 122.9 ±19.9; P

< 0.001) and diastolic (79.7 ±15.1 vs. 75.7 ±12.5; P = 0.005)

BP were significantly higher in the participants who received

ACEI-ARB; however, PR (93.0 ± 18.3 vs. 96.6 ± 17.9; P = 0.047),

RR (23.3 ± 4.9 vs. 24.5 ± 6.5; P = 0.028), and temperature (37.3

± 0.9 vs. 37.6 0.9; P < 0.001) were significantly lower in those

patients. We found that patients who received ACEI/ARB

were less likely to progress critical disease and experienced
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Table 1 demographic and clinical variables between two groups of ACEI/ARB users

Variable
All n=893

ACEI/ARB
Yes (n=183) No (n=710) P-value

N (%) / mean±SD
Age 58.6 ± 15.4 63.4 ± 14.6 57.4 ± 15.4 < 0.001
Sex (M) 371 (41.5) 71 (38.8) 300 (42.3) 0.398
Comorbidities
HTN 368 (41.2) 163 (89.1) 205 (28.9) < 0.001
DM 320 (35.8) 86 (47.0) 234 (33.0) < 0.001
Immunocompromised 105 (11.8) 24 (13.1) 81 (11.4) 0.523
Vital signs
SpO2 85.5 ± 9.9 86.3 ±10.7 85.3 ± 9.6 0.252
Systolic BP 124.4 ± 20.7 131.9 ± 22.9 122.9 ±19.9 < 0.001
Diastolic BP 76.3 ± 13.0 79.7 ±15.1 75.7 ±12.5 0.005
PR 95.9 ± 18.0 93.0 ± 18.3 96.6 ± 17.9 0.047
RR 24.3 ± 6.2 23.3 ± 4.9 24.5 ± 6.5 0.028
Temperature 37.5 ± 0.9 37.3 ± 0.9 37.6 0.9 0.001
Outcome
Pulmonary involvement score 9.5 ± 5.3 9.4 ± 5.6 9.5 ± 5.2 0.921
ICU admission 409 (45.8) 70 (38.3) 339 (47.7) 0.022
Death 259 (29.0) 29 (15.8) 230 (32.4) < 0.001
ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; HTN: hypertension;
DM: diabetes mellitus; BP: blood pressure; ICU: intensive care unit.

Table 2 results of multivariable regression analysis for death and ICU endpoints.

Variable
Death model

P-value
ICU model

P-value
Exp(B) 95%CI Exp(B) 95%CI

All patients
ACE/ARB (reference: no) 0.23 0.14 – 0.38 <0.001 0.49 0.32 – 0.73 0.001
Age 1.03 1.02 – 1.04 <0.001 1.02 1.01 – 1.03 <0.001
Sex (reference: male) 1.08 0.79 – 1.48 0.627 1.22 0.92 – 1.62 0.172
HTN (reference: no) 1.85 1.29 – 2.65 0.001 1.18 0.84 – 1.66 0.337
DM (reference: no) 0.67 0.48 – 0.94 0.020 1.05 0.78 – 1.41 0.760
Immunocompromised (reference: no) 1.40 0.88 – 2.23 0.149 2.17 1.40 – 3.34 <0.001
Patients with HTN
ACE/ARB (reference: no) 0.28 0.17 – 0.46 <0.001 0.51 0.33 – 0.79 0.003
Age 1.02 1.007 – 1.04 0.006 1.04 1.02 – 1.05 <0.001
Sex (reference: male) 1.05 0.65 – 1.70 0.841 1.18 0.76 – 1.83 0.464
DM (reference: no) 0.59 0.36 – 0.95 0.031 1.05 0.68 – 1.63 0.820
Immunocompromised (reference: no) 0.44 0.17 – 1.18 0.102 0.75 0.35 – 1.62 0.464
ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; HTN: hypertension; DM: diabetes mellitus;
ICU: intensive care unit.

significantly lower ICU admission (P = 0.022) and death (P

< 0.001) (Table 1). On multivariate analysis controlling for

age, sex, and comorbidities, this relationship remained sta-

tistically significant for death (odds ratio (OR): 0.23, 95% CI:

[0.14-0.38], P < 0.001) and ICU admission (OR: 0.49, 95% CI:

[0.32-0.73], P = 0.001) (Table 2).

Further analysis on hypertensive COVID-19 patients revealed

that those using ACE/ARB drugs experienced fewer adverse

events (Table 3). On multivariable analysis adjusting for age,

sex, and comorbidities, this relationship remained statisti-

cally significant for death (OR: 0.28, 95% CI: [0.17-0.46], P <

0.001) and ICU admission (OR: 0.51, 95% CI: [0.33-0.79], P =

0.003) (Table 2).

The severity of PI showed no difference between ACEI/ARB

users and nonusers in all patients (9.4 ± 5.6 vs. 9.5 ± 5.2; P =

0.921) and hypertensive patients (9.6 ± 5.8 vs. 9.4 ± 4.9; P =

0.750) diagnosed with COVID-19.

4. Discussion

The possibility of a link between chronic RAS inhibitor ther-

apy and severity of COVID-19 disease has been widely dis-

cussed. Although there is a common consensus that the up-

regulation of ACE2 receptors results in a higher probability

of infection by SARS-CoV-2 (1), its effect on disease progres-

sion and development of adverse events remains uncertain.
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Table 3 demographic and clinical variables between two groups of ACEI/ARB users in patients with hypertension

Variable All n=368
ACEI/ARB

Yes (n=163) No (n=205) P-value
N (%) / mean±SD

Age 63.9 ± 14.0 63.7 ± 15.0 64.2 ± 13.3 0.702
Sex (M) 164 (44.6) 65 (39.9) 99 (48.3) 0.107
Comorbidities
DM 178 (48.4) 82 (50.3) 96 (46.8) 0.507
Immunocompromised 33 (9.0) 20 (12.3) 13 (6.3) 0.048
Vital signs
SpO2 85.6 ± 10.0 86.5 ±10.9 84.9 ± 9.1 0.148
Systolic BP 128.2 ± 21.4 131.6 ± 22.4 126.3 ±20.6 0.063
Diastolic BP 77.9 ± 13.6 80.0 ±15.0 76.7 ±12.6 0.070
PR 93.5 ± 16.5 93.9 ± 18.0 93.2 ± 15.5 0.740
RR 23.8 ± 4.9 23.2 ± 5.0 24.2 ± 4.9 0.065
Temperature 37.4 ± 0.9 37.2 ± 1.0 37.5 ± 0.8 0.042
Outcome
Pulmonary involvement
score

9.5 ± 5.3 9.6 ± 5.8 9.4 ± 4.9 0.750

ICU admission 174 (47.3) 62 (38.0) 112 (54.6) 0.002
Death 119 (32.3) 29 (17.8) 90 (43.9) < 0.001
ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; DM: diabetes mellitus;
BP: blood pressure; ICU: intensive care unit.

Efforts have been taken to clear this relationship to estab-

lish a common protocol for treating hypertensive patients

during the current outbreak. Previously published studies

found that patients on ACEI/ARB are more vulnerable to be-

ing infected by SARS-CoV-2 in the general population. A re-

cent meta-analysis demonstrated that ACEI/ARB usage has

been linked to an increased risk of SARS-COV2 infection (OR:

1.20 [1.07-1.33]) among the general population. In hyper-

tensive population or after correcting for HTN in the gen-

eral population, however, no significant correlation was seen

(18). Despite this, there is no agreement on the impact of

ACEI/ARB medications on the progression of COVID-19 dis-

ease. We realized that participants who received ACEI/ARB

experienced significantly fewer adverse outcomes. In line

with our findings, a large study on 1128 adult COVID-19 pa-

tients with hypertension revealed that patients on ACEI/ARB

had a lower risk of COVID-19 mortality than those who were

not on ACEI/ARB (OR: 0.37 [0.15–0.89]) (10). Another case-

control study found that the ACEI/ARB group had a lower

proportion of ICU-admitted patients (9.3 percent vs. 22.9

percent) and a lower mortality rate (4.7 percent vs. 13.3 per-

cent) than the non-ACEI/ARB inhibitors group (19). Simi-

larly, a previous study on 1200 COVID-19 patients detected

a significantly lower risk of severe COVID-19 infection in

patients who received ACEI/ARB (OR: 0.63 [0.47-0.84]) af-

ter adjustment for age, sex, and comorbidities (20). Consis-

tently, adverse events, including invasive mechanical ventila-

tion and death, were significantly higher in ACEI/ARB users

compared to ACEI/ARB nonusers (21). However, a recent sys-

tematic review and meta-analysis revealed no significant link

between ACEI/ARB usage and adverse outcomes (18).

Taken together, it seems difficult to draw a firm conclu-

sion regarding the net effect of ACEI/ARB medications as

they have a dual effect on COVID-19 infection. Although

ACEI/ARB users are more likely to become infected with

COVID-19, they are less susceptible to develop critical dis-

eases requiring intensive care. This is the first study to look

into the link between ACEI/ARB usage and the extent of PI.

Although ACEI/ARB users experienced fewer adverse out-

comes, the severity of PI was not significantly different be-

tween two groups in both all included patients and hyper-

tensive patients. Therefore, despite the confirmed prognos-

tic value of the extent of PI in predicting the outcome (22),

it appears that ACEI/ARB usage leads to better outcomes

through a different mechanism. There is a notion that ele-

vated ACE2 activity may boost the transformation of ACE2

to angiotensin, a peptide with putative anti-inflammatory

properties. Consistently, the patients on ACEI/ARB had sig-

nificantly lower levels of inflammatory indicators, including

C-reactive protein (CRP), procalcitonin, and IL-6 (23). Be-

sides, downregulation of ACE2 after SARS-CoV-2 contamina-

tion is claimed to cause acute pulmonary injury, indicating a

protective feature of ACE2 upregulation and ACEI/ARB med-

ications in COVID-19 (24).

Our findings support the continued use of ACEI/ARB in

SARS-CoV-2-infected hypertensive individuals. As stated by

the American Heart Association (AHA), the Heart Failure So-

ciety of America (HFSA), and the American College of Car-
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diology (ACC), and another announcement from the Inter-

national Society of Hypertension (10, 25). However, our

study has several limitations. Drawing a conclusion might

be limited by the retrospective nature of the study design,

the sample size, or selection bias. We just included hos-

pitalized patients, so the results of ACEI/ARB usage in the

general population might be different. Laboratory testing,

notably inflammatory indicators, were left out. To better

understand the link between ACEI/ARB medicines and out-

come in COVID-19 and possibly relevant underlying pro-

cesses, large-scale multi-centric prospective studies using

randomized controlled trial design are necessary in ethni-

cally and geographically varied cohorts. These efforts might

ultimately result in developing novel treatment medications

against ACE2 receptor in the management of COVID-19 pa-

tients without influencing blood pressure.

5. Limitations

Our findings should be interpreted in light of several limi-

tations. This was a retrospective study and causal relation-

ship cannot be concluded. Besides, we enrolled hospitalized

COVID-19 patients and our findings cannot be extrapolated

to the general population. Lastly, we did not include the labo-

ratory tests as co-variables and this study was conducted be-

fore national vaccination program (26) and future prospec-

tive studies are required to confirm our findings.

6. Conclusion

In conclusion, we found significantly lower critical disease

and death in patients on ACEI/ARB, which remained statis-

tically significant after adjusting for age, sex, and comorbidi-

ties. However, the severity of PI was not significantly different

between the two groups.
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