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Abstract 

Background: There is an ongoing controversy about harms and benefits of angiotensin-converting enzyme 

inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) in hypertensive patients with coronavirus 

disease 2019 (COVID-19). Given the unresolved debate, we investigated the association of ARBs with in-

hospital outcomes of these patients. 

Methods: In this retrospective observational study, we studied patients with COVID-19 who referred to Sina 

Hospital in Tehran, Iran, from February 20 to May 29, 2020. Patients with either positive real-time reverse-

transcriptase polymerase-chain-reaction test of swab specimens, or high clinical suspicion according to the 

World Health Organization's interim guidance were included. We followed-up patients for incurring death, 

severe COVID-19, and in-hospital complications. 

Results: We evaluated 681 patients with COVID-19 of whom 37 patients were excluded due to incomplete 

medical records and 8 patients who used ACEIs which left 636 patients in the analysis. In this cohort, 108 

(17.0%) patients expired and 407 (64.0%) patients incurred severe COVID-19. Of 254 (39.9%) patients with 

hypertension, 122 (48.0%) patients were receiving an ARB. After adjustment for possible confounders, we 

found no independent association between taking ARBs and in-hospital outcomes except for acute kidney injury 

(AKI), in patients with confirmed or clinically suspected COVID-19, either hypertensive or not-hypertensive. 

We found that discontinuation of ARBs during hospitalization was associated with a greater risk of mortality, 

invasive ventilation, and AKI (All P˂0.002). 

Conclusions: We found that taking ARBs by patients with hypertension and confirmed or clinically suspected 

COVID-19 is not associated with poorer in-hospital outcomes after adjustment for possible confounders. 

Keywords: COVID-19; SARS-CoV-2; Angiotensin-Converting Enzyme Inhibitors; Angiotensin Receptor 

Antagonists; Renin-Angiotensin System; Hypertension. 
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Introduction 

Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) causes coronavirus disease 2019 (COVID-19) 

which is a pandemic first discovered in Wuhan, China, in December 2019.
1
 Up to August 14, 2020, it affected 

more than 21.2 million persons worldwide with more than 338 thousand confirmed cases in Iran.
2
  

Given that angiotensin-converting enzyme 2 (ACE2) serves as the main receptor for SARS-CoV-2, ACE2-

expressing cells are more prone to COVID-19 infection.
3,4

 According to the greater mortality of COVID-19 in 

patients with hypertension,
5
 there is an ongoing controversy about potential harms and benefits of angiotensin-

converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) in patients with 

hypertension and COVID-19 which caused uncertainties in clinical practice.
6-9

 It is a major challenge to change 

or continue these medications in patients with hypertension and COVID-19. Hence, the mechanistic 

speculations have been evaluated in some clinical studies; nonetheless, they are not conclusive. Some studies 

demonstrated beneficial effects of ACEI/ARBs in hypertensive patients with COVID-19 in terms of mortality 

and severity of the disease;
10-12

 however, other ones did not find any beneficial or harmful effects.
13-16

 Moreover, 

no study investigated the effects of these medications separately. 

In this observational study, we aim to evaluate the association of ARBs with in-hospital outcomes of patients 

with confirmed or clinically suspected COVID-19 from a tertiary referral center in Tehran, Iran.  

 

Methods 

Ethical considerations 

The protocol of this study corresponds to the 2013 Helsinki declaration and was approved by the Ethics 

Committee of Tehran University of Medical Sciences (IR.TUMS.VCR.REC.1399.018). All participants gave 

written informed consent before inclusion in the study. 

Study design and participants 

We reported this study according to the Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) statement.
17

 Sina Hospital is one of the major tertiary teaching hospitals affiliated by Tehran 

University of Medical Sciences which is designated for treatment of COVID-19 in the capital Tehran. We 
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evaluated patients who were admitted to Sina Hospital from February 20 to May 29, 2020. We included 

patients≥18 years of age with a diagnosis of COVID-19 who met one of the following criteria: 1) Positive real-

time reverse-transcriptase polymerase-chain-reaction (PCR) test of oropharyngeal or endotracheal swab 

specimens. 2) Highly suspicious patients according to the World Health Organization's interim guidance
18

 and 

Iranian national committee of COVID-19,
19

 including patients with ground-glass opacity, either isolated or with 

consolidation in chest computed tomography scan, which cannot be fully explained by volume overload, lobar 

or lung collapse, or nodules along with the history compatible with COVID-19. The details of patient care for 

individuals presenting with respiratory symptoms to Sina Hospital emergency department has been published 

previously.
20

 

We collected demographic data, present, drug and past medical history, admission vital signs and physical 

examination, baseline laboratory parameters, imaging findings, and in-hospital treatments from electronic 

medical records. We followed-up patients for in-hospital acute respiratory distress syndrome (ARDS), invasive 

ventilation, acute cardiac injury (ACI), acute kidney injury (AKI), acute liver injury (ALI), multiorgan damage, 

the severity of the disease, and mortality. Moreover, we compared in-hospital outcomes between four groups of 

patients with hypertension categorized based on the history of ARB usage during hospitalization: 1) Continued: 

Patients who continued their ARBs at least for seven days after admission. 2) Discontinued: Patients who 

discontinued their ARBs within seven days after admission. 3) Newly started: Patients who were newly started 

on an ARB after hospitalization. 4) Never used: Patients who never used any ARB.  

Definitions 

Hypertension was defined as systolic blood pressure≥140 mmHg, diastolic blood pressure≥90 mmHg, or anti-

hypertensive treatment. We defined diabetes mellitus (DM) in case of fasting blood sugar≥126 mg/dL on two 

occasions, or blood sugar≥200 mg/dL on two occasions, or treatment with oral antidiabetic agents or insulin. 

History of coronary artery disease (≥50% stenosis on coronary angiography), heart failure, or receiving 

treatment for these conditions were designated as cardiac disease. Cerebrovascular disease was defined as a 

history of transient ischemic attack or stroke. We defined chronic lung disease as a history of asthma, chronic 

obstructive pulmonary disease, or interstitial lung disease. Patients with a glomerular filtration rate<30 mL/h or 

the need for renal replacement therapy were designated to have chronic kidney disease. History of malignancy 

was defined as a history of a treated neoplasm. The systemic immune-inflammation index (SII) was calculated 

as (platelet count×neutrophil count)/(lymphocyte count). 
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ARDS was defined according to the Berlin definition criteria.
21

 We defined ACI as an increased serum level of 

high-sensitivity cardiac troponin I (hs-cTnI) above the 99
th

 percentile upper limit normal (ULN).
22,23

 AKI was 

diagnosed if serum creatinine increased by≥0.3 mg/dL within 48 hours except for patients with known end-stage 

renal disease.
24

 Serum transaminases≥3×ULN or alkaline phosphatase≥2×ULN, or total bilirubin≥2×ULN were 

designated as ALI.
25

 Patients with at least two complications including ACI, AKI, ALI, or ARDS were 

considered to have multiorgan damage. We defined severe COVID-19 in the presence of at least one of the 

following criteria: dyspnea, respiratory rate≥30/min, oxygen saturation≤93%, >50% lung involvement on 

imaging, respiratory failure, shock, or multiorgan damage. The rest of the patients were categorized as non-

severe COVID-19. We employed this definition similar to Wu and co-workers
26

 and modified it to introduce a 

binary outcome, severe versus non-severe COVID-19.  

Statistical analysis  

We reported the data as mean±standard deviation or median [interquartile range] for continuous variables with 

normal or skewed distribution, respectively. Means of continuous variables were compared using independent 

group t-test if the data were normally distributed; otherwise, the Mann-Whitney U test was used. Categorical 

variables were demonstrated by number (%) and compared using the chi-square test. We compared in-hospital 

outcomes between four groups of hypertensive patients based on the history of taking ARBs by the chi-square 

post-hoc test, in which we assumed P≤0.00625 as statistically significant according to the Bonferroni correction. 

We fitted binary logistic regression models to the data to predict in-hospital outcomes of the whole cohort and 

hypertensive patients based on the usage of ARBs. Moreover, we used Cox proportional hazard models for 

prediction of mortality to take the effect of the time into account. We employed a standard entry method to 

adjust these models for possible confounders. Other than age and sex, we adjusted for the comorbidities and 

laboratory data that were significantly (P<0.05) associated with mortality and severity, and were not missed in 

more than 10% of cases. Additionally, we performed a sensitivity analysis to investigate the prognostic value of 

ARB usage in patients with positive PCR tests. All statistical analyses were performed using IBM Corp. 

Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp. P≤0.05 was 

considered statistically significant. 
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Results 

Baseline characteristics of patients 

We evaluated 681 patients with confirmed or clinically suspected COVID-19 of whom 37 patients were 

excluded due to inter-hospital transfer or lack of key information in their medical records. Furthermore, we 

excluded 8 patients who used ACEIs to be more focused on the effects of ARBs because the number of ACEI-

users was far less than the number of ARB-users. Eventually, we included 636 patients including 254 

hypertensive patients in the analysis. Although all patients were highly suspicious for COVID-19 based on the 

national and international guidelines,
18,19

  348 (54.7%) patients underwent PCR test of whom 145 (41.7%) 

patients were definitely diagnosed with COVID-19. PCR test was done for 165 (65.0%) hypertensive patients of 

whom 67 (40.6%) specimens were positive for COVID-19. Overall, 145 (22.8%) patients in the whole cohort 

and 67 (26.4%) hypertensive patients were definitely diagnosed with COVID-19 based on a positive PCR test. 

The mean age was 57.2 years (interquartile range: 45-69 years) and 397 (62.4%) were male. The most common 

comorbidities in all patients were hypertension (39.9%), DM, and cardiac disease (Supplementary Table 1). In 

this cohort, 108 (17.0%) patients expired and 407 (64.0%) patients incurred severe COVID-19. Although the 

data of history, mortality, severity, ARDS, and invasive ventilation were complete and the rate of missing data 

for most of the laboratory data is less than 5%, we had not the data of lactate dehydrogenase (LDH), hs-cTnI, 

liver transaminases, and erythrocyte sedimentation rate (ESR) in 29.1%%, 27.1%, 20.8%, and 15.0% of the 

patients. In comparison with non-hypertensive patients, patients with hypertension were significantly older and 

more likely to have comorbidities except for malignancy. Furthermore, they were at increased risk of mortality, 

severe COVID-19, invasive ventilation, ACI, AKI, and multiorgan damage (Supplementary Table 1). Of 254 

hypertensive patients, 122 (48.0%) patients were receiving an ARB (Losartan: N=105 and Valsartan: N=17). In 

comparison with non-ARB users, ARB users were more likely to be older, have cardiac disease, receive 

cardiovascular medications, have higher serum creatinine, have longer hospital length of stay, and incur AKI 

during hospitalization (Table 1). 

Predictors of mortality and severity in hypertensive patients 

In hypertensive patients, the severe form of COVID-19 was associated with lower serum sodium and higher 

ESR (Table 2). We found history of cerebrovascular and chronic lung diseases, history of metformin use, lower 

lymphocyte counts and hemoglobin, and higher white blood cells count, neutrophil count, platelet-to-

lymphocyte ratio, SII and creatinine as risk factors of mortality in these patients (Table 2). Moreover, older age, 
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history of DM, and higher neutrophil-to-lymphocyte ratio, urea, C-reactive protein (CRP), LDH, hs-cTnI and 

liver transaminases were associated with increased risk of both severity and mortality of COVID-19 in 

hypertensive patients (Table 2). 

Discontinuation of ARBs and in-hospital outcomes 

During the hospitalization of hypertensive patients, 79 patients continued and 43 patients discontinued their 

ARBs, 36 patients were newly started on an ARB, and 96 patients never used any ARB (Table 3). The most 

common reason for discontinuation was the inclusion in an ongoing randomized controlled trial in Sina Hospital 

in which we aim to investigate the effects of ACEI/ARBs on in-hospital outcomes of patients with COVID-19. 

The reason for discontinuation was the inclusion in the trial in 23 (53.5%), both AKI and shock in 11 (25.6%), 

AKI in 6 (14.0%), and shock in 3 (7.0%) patients. There were statistically significant differences between these 

groups regarding mortality, invasive ventilation, and AKI (Table 3).  Chi-square post-hoc analysis showed that 

patients who discontinued their ARBs were more likely to die (P=0.0000171), be invasively ventilated 

(P=0.00194), and incur AKI (P=0.000216) in comparison with the other three groups. 

History of ARB usage and in-hospital outcomes 

We determined the independent effects of ARB usage on in-hospital outcomes of the whole cohort and 

hypertensive patients by using logistic regression analysis and taking possible confounders into account (Table 

4). In the all patients’ model, we adjusted for age, sex, DM, hypertension, cardiac disease, cerebrovascular 

disease, chronic lung disease, chronic kidney disease, neutrophil-to-lymphocyte ratio, urea, and CRP. In the 

hypertensive patients’ model, we employed age, sex, DM, cerebrovascular disease, chronic lung disease, chronic 

kidney disease, neutrophil-to-lymphocyte ratio, urea, and CRP as confounders. After these adjustments, we 

found no independent association between taking ARBs and in-hospital outcomes except for the higher 

incidence of AKI, in patients with confirmed or clinically suspected COVID-19, either hypertensive or not-

hypertensive (Table 4). After adjustment for the same confounders in the whole cohort and hypertensive 

patients, Cox proportional hazard models (Figure 1 and Supplementary Table 2) revealed that taking ARBs is 

not associated with greater mortality either in the whole cohort (hazard ratio (HR)=1.00, 95% confidence 

interval (CI): 0.57-1.77; P=0.997) or hypertensive patients (HR=0.89, 95% CI: 0.51-1.54; P=0.679). In the 

sensitivity analysis for patients with positive PCR tests, we found similar findings except that in patients with 

positive PCR tests, there was no significant association between history of ARB usage and in-hospital AKI 

(Supplementary Table 3).  
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Sex disparities in in-hospital outcomes  

We observed no significant difference between female and male patients, either in the whole cohort or 

hypertensive patients, in terms of in-hospital outcomes; however, female hypertensive patients were more likely 

to incur ARDS rather than male hypertensive patients (P=0.014) (Supplementary Table 4). Furthermore, ARB 

usage was not associated with worse clinical outcomes in men and women with confirmed or clinically 

suspected COVID-19 (Supplementary Tables 5 and 6). 

 

Discussion 

In this study, we found that taking ARBs in hypertensive patients with confirmed or clinically suspected 

COVID-19 was not associated with mortality, severity, or any other in-hospital complication except for AKI. 

After adjustment for possible confounders, we found that ARB usage in patients with confirmed or clinically 

suspected COVID-19 was not an independent risk factor for worse in-hospital outcomes but AKI. Moreover, we 

observed poorer outcomes in patients who discontinued their ARBs during hospitalization. 

Studies have demonstrated that SARS-CoV-2 enters the cell via ACE2
3,4

 which has a 40% identity and 61% 

similarity to ACE; however, this homology is not in their active sites which means that they are two different 

enzymes with different functions.
27

 Thus, ACEIs do not inhibit ACE2 and cannot interfere with the entrance of 

SARS-CoV-2 to the cell through this mechanism. 

There are two forms of ACE2 in the human body, membrane-bound ACE2 (mACE2) and soluble ACE2 

(sACE2). The former exerts beneficial effects including cardioprotective effects through converting angiotensin 

Ⅱ to angiotensin 1-7. The latter constitutes a very small portion of the total body ACE2 which is not functional 

and its level is inversely correlated with mACE2.
28,29

 Angiotensin Ⅱ through angiotensin Ⅱ type 1 receptor 

(AT1R) and activation of ADAM17 results in cleavage of mACE2 from the membrane to produce sACE2. 

Although studies have shown that ARBs may upregulate mACE2 through this mechanism, this effect varies 

widely between different ARBs and different organs. Moreover, such an effect has not been observed by ACEIs 

which is attributed to the fact that this upregulation is done through blockade of AT1Rs which is achieved by 

ARBs and not ACEIs.
28

 Moreover, even if we accept that this upregulation happens in vivo, it is suggested to be 

of minimal clinical significance regarding the infectivity of SARS-CoV-2 because most of the total body ACE2 

is as mACE2 and cannot vary significantly through these changes. Furthermore, the virus can enter the cell via 
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small amounts of ACE2.
28,29

 Therefore, we may conclude that ACEI/ARBs do not facilitate virus entry and its 

infectivity. Additionally, it should be emphasized that some evidence shows that increased expression of ACE2 

can be protective against acute lung injuries by its anti-inflammatory and anti-fibrotic effects on the lung.
3,28,30

  

We found that taking ARBs is not independently associated with poorer in-hospital outcomes, except for AKI, 

after adjustment for confounders which is in line with several previous reports;
13-16

 nevertheless, some studies 

suggest that ACEI/ARBs were associated with improved outcomes in COVID-19 patients.
10-12

 Zhang and 

colleagues
11

 studied 1128 hypertensive patients with COVID-19 of whom 17% were taking ACEI/ARBs and the 

medications were continued during hospitalization in two-thirds of them. They showed that treatment with 

ACEI/ARBs is associated with a remarkably lower 28-day all-cause mortality (HR=0.37, 95% CI: 0.15-0.89; 

P=0.03) and a borderline-significantly lower incidence rate of ARDS (HR=0.65, 95% CI: 0.41-1.04; P=0.07).
11

 

In contrast, we, not only, found no beneficial effects of ARBs on in-hospital outcomes, but also demonstrated 

remarkably greater in-hospital mortality and invasive ventilation in patients who discontinued ARBs during 

hospitalization which is a novel finding. These conflicting results may be attributed to the differences in sample 

sizes, follow-up durations, statistical approaches, and ethnicity of the patients; however, it should be noted that 

discontinuation is linked with poorer outcomes. Although this is an observational study with its inherent biases 

and we cannot generalize this finding, it supports the statement that discontinuing ARBs in COVID-19 patients 

can be potentially harmful.
30-33

 Furthermore, there is no study implying detrimental effects of ARBs on the 

clinical outcomes of hypertensive patients with COVID-19. Therefore, the current debate is that if ARBs have 

neutral or beneficial effects on outcomes of patients with hypertension and COVID-19. Future multicenter 

studies, randomized controlled trials, and meta-analyses will help to respond to this question. 

We found that usage of ARBs is associated with an increased risk of AKI both in the whole cohort and 

hypertensive patients. Furthermore, we observed that the prevalence of AKI was significantly higher in patients 

who discontinued their ARBs during hospitalization. These findings may be attributed to the fact that AKI can 

be an adverse event of ARBs. In a population-based cohort study, Mansfield and colleagues
34

 demonstrated that 

treatment with ACEI/ARBs is associated with a 12% increased risk of AKI. Moreover, our patients must be 

managed with a conservative approach for fluid therapy for the treatment of ARDS which might contribute to 

the occurrence of AKI.
35

    

We found no sex disparity in terms of in-hospital outcomes, except for the higher prevalence of ARDS in female 

hypertensive patients similar to some studies;
15

 nevertheless, other studies demonstrated poorer outcomes in 
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male patients with COVID-19.
13,36

 These discrepancies may arise from differences in methodologies, sample 

sizes, or ethnic differences which necessitate future studies.  

 

Limitations 

Despite the several strengths of this study including its focus on the effects of ARBs alone rather than combined 

ACEI/ARBs, we emphasize that it has several limitations. First, this is an observational study with possible 

inherent biases that calls for caution to extrapolate its results. Future randomized studies are warranted. Second, 

it is a single-center study on the Iranian population, and future multicenter studies on different ethnicities are 

needed. Third, survival cox regression analysis appears to be the best approach for evaluating associations 

between the characteristics and outcomes of the patients; however, we employed binary logistic regression 

models rather than this approach because we did not record the exact occurrence time of each outcome except 

for mortality. Another limitation is the rate of missing data in some laboratory data, especially hs-cTnI and liver 

transaminases, which might result in under- or overestimation in the rate of the ACI and ALI.  

 

Conclusions 

In this single-center observational study, we found that taking ARBs by patients with hypertension and 

confirmed or clinically suspected COVID-19 is not associated with poorer in-hospital outcomes after adjustment 

for possible confounders. We found that discontinuation of these medications during hospitalization was 

associated with a greater risk of mortality and invasive ventilation. All studies reported so far, along with the 

results of this article, provide tentative reassurance that taking ARBs is not harmful in COVID-19 patients. The 

hypothesis that these medications may be beneficial or not needs more prospective and clinical trials. Our 

findings support the recommendations of cardiology societies of continuing treatment with their anti-

hypertensive medications.
32,33

  

  



Acc
ep

ted
 M

an
us

cri
pt

 

12 

 

Disclosure: The authors declare that they have no conflict of interest. 

Acknowledgments: We acknowledge all health-care workers involved in the diagnosis and treatment of 

patients in Sina Hospital. We are indebted to the Research Development Center of Sina Hospital for its support. 

The authors are grateful to Mrs. Masoumeh Taleh and Mr. Saeed Hejrani for their help and members of the 

COVID-19 Crisis Committee of the Sina Hospital for their help and consult.  

Funding: This study has been supported by Tehran University of Medical Sciences (Grant number: 99-1-101-

47211 to HA). The funding source had no role in the study design, data collection, data analysis, data 

interpretation, writing of the manuscript, or decision of submission. 

Data availability statement: Data are available upon a reasonable request to the corresponding author. 

Contributors: Concept and design: AS, SKS, ZS, HS, and HA. Acquisition, analysis, or interpretation of data: 

AS, SK, SKS, AA, ZS, AH, MT, HS, PP, MS, MB, FN, EZ, and HA. Statistical analysis: SK, AA, and HA. 

Drafting of the manuscript: SK, AA, ZS, and EZ. Critical revision of the manuscript: AS, SKS, AH, MT, HS, 

PP, MS, MB, FN, and HA. Supervision: AS and HA. All authors have read and approved the manuscript and are 

responsible for its content.   

  



Acc
ep

ted
 M

an
us

cri
pt

 

13 

 

References 

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma 

X, Wang D, Xu W, Wu G, Gao GF, Tan W. A Novel Coronavirus from Patients with Pneumonia in 

China, 2019. New England Journal of Medicine 2020; 382(8): 727-733. 

 

2. WHO Coronavirus Disease (COVID-19) Dashboard https://covid19.who.int. 

 

3. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor Recognition by the Novel Coronavirus from 

Wuhan: an Analysis Based on Decade-Long Structural Studies of SARS Coronavirus. Journal of 

Virology 2020; 94(7): e00127-00120. 

 

4. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, Schiergens TS, Herrler 

G, Wu N-H, Nitsche A, Müller MA, Drosten C, Pöhlmann S. SARS-CoV-2 Cell Entry Depends on 

ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell 2020; 181(2): 

271-280.e278. 

 

5. Schiffrin EL, Flack JM, Ito S, Muntner P, Webb RC. Hypertension and COVID-19. American Journal 

of Hypertension 2020; 33(5): 373-374. 

 

6. Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes mellitus at increased risk 

for COVID-19 infection? Lancet Respir Med 2020; 8(4): e21. 

 

7. Bavishi C, Maddox TM, Messerli FH. Coronavirus Disease 2019 (COVID-19) Infection and Renin 

Angiotensin System Blockers. JAMA Cardiol 2020; 5(7): 745-747. doi:10.1001/jamacardio.2020.1282 

 

8. Hajra A, Bandyopadhyay D. COVID-19 and ACEI/ARB: Not Associated? American Journal of 

Hypertension 2020;(hpaa076). 

https://covid19.who.int/


Acc
ep

ted
 M

an
us

cri
pt

 

14 

 

 

9. Schiffrin EL, Flack JM, Ito S, Muntner P, Webb RC. Response to “COVID-19 and ACEI/ARB: Not 

Associated?”. American Journal of Hypertension 2020;(hpaa077). 

 

10. Meng J, Xiao G, Zhang J, He X, Ou M, Bi J, Yang R, Di W, Wang Z, Li Z, Gao H, Liu L, Zhang G. 

Renin-angiotensin system inhibitors improve the clinical outcomes of COVID-19 patients with 

hypertension. Emerg Microbes Infect 2020; 9(1): 757-760. 

 

11. Zhang P, Zhu L, Cai J, Lei F, Qin J-J, Xie J, Liu Y-M, Zhao Y-C, Huang X, Lin L, Xia M, Chen M-M, 

Cheng X, Zhang X, Guo D, Peng Y, Ji Y-X, Chen J, She Z-G, Wang Y, Xu Q, Tan R, Wang H, Lin J, 

Luo P, Fu S, Cai H, Ye P, Xiao B, Mao W, Liu L, Yan Y, Liu M, Chen M, Zhang X-J, Wang X, Touyz 

Rhian M, Xia J, Zhang B-H, Huang X, Yuan Y, Rohit L, Liu Peter P, Li H. Association of Inpatient 

Use of Angiotensin-Converting Enzyme Inhibitors and Angiotensin II Receptor Blockers With 

Mortality Among Patients With Hypertension Hospitalized With COVID-19. Circulation Research 

2020; 126(12): 1671-1681. 

 

12. Felice C, Nardin C, Di Tanna GL, Grossi U, Bernardi E, Scaldaferri L, Romagnoli M, Tonon L, 

Cavasin P, Novello S, Scarpa R, Farnia A, De Menis E, Rigoli R, Cinetto F, Pauletto P, Agostini C, 

Rattazzi M. Use of RAAS inhibitors and risk of clinical deterioration in COVID-19: results from an 

Italian cohort of 133 hypertensives. American Journal of Hypertension 2020;(hpaa096). 

 

13. Li J, Wang X, Chen J, Zhang H, Deng A. Association of Renin-Angiotensin System Inhibitors With 

Severity or Risk of Death in Patients With Hypertension Hospitalized for Coronavirus Disease 2019 

(COVID-19) Infection in Wuhan, China. JAMA Cardiology 2020; 5: 825-830. 

 

14. Yang G, Tan Z, Zhou L, Yang M, Peng L, Liu J, Cai J, Yang R, Han J, Huang Y, He S. Effects of 

Angiotensin II Receptor Blockers and ACE (Angiotensin-Converting Enzyme) Inhibitors on Virus 

Infection, Inflammatory Status, and Clinical Outcomes in Patients With COVID-19 and Hypertension: 

A Single-Center Retrospective Study. Hypertension 2020; 76(1): 51-58. 



Acc
ep

ted
 M

an
us

cri
pt

 

15 

 

 

15. Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G. Renin–Angiotensin–Aldosterone System 

Blockers and the Risk of Covid-19. New England Journal of Medicine 2020; 382(25): 2431-2440. 

 

16. Reynolds HR, Adhikari S, Pulgarin C, Troxel AB, Iturrate E, Johnson SB, Hausvater A, Newman JD, 

Berger JS, Bangalore S, Katz SD, Fishman GI, Kunichoff D, Chen Y, Ogedegbe G, Hochman JS. 

Renin–Angiotensin–Aldosterone System Inhibitors and Risk of Covid-19. New England Journal of 

Medicine 2020; 382(25): 2441-2448. 

 

17. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting 

observational studies. The Lancet 2007; 370(9596): 1453-1457. 

 

18. World Health Organization. Clinical management of severe acute respiratory infection (‎‎SARI)‎‎ when 

COVID-19 disease is suspected: interim guidance, 13 March 2020. World Health Organization: 

Geneva, 2020. 

 

19. COVID-19 Epidemiology Committee. http://corona.behdasht.gov.ir/. April 29, 2020. 

 

20. Talebpour M HA, Oraii A, Ashraf H. Rationale and Design of a Registry in a Referral and Educational 

Medical Center in Tehran, Iran: Sina Hospital Covid-19 Registry (SHCo-19R). Advanced Journal of 

Emergency Medicine 2020; 4(2s): e53. 

 

21. Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E, Camporota L, Slutsky 

AS. Acute respiratory distress syndrome: the Berlin Definition. Jama 2012; 307(23): 2526-2533. 

 

22. Thygesen K, Mair J, Katus H, Plebani M, Venge P, Collinson P, Lindahl B, Giannitsis E, Hasin Y, 

Galvani M, Tubaro M, Alpert JS, Biasucci LM, Koenig W, Mueller C, Huber K, Hamm C, Jaffe AS. 

http://corona.behdasht.gov.ir/


Acc
ep

ted
 M

an
us

cri
pt

 

16 

 

Recommendations for the use of cardiac troponin measurement in acute cardiac care. Eur Heart J 

2010; 31(18): 2197-2204. 

 

23. Karbalai Saleh S, Oraii A, Soleimani A, Hadadi A, Shajari Z, Montazeri M, Moradi H, Talebpour M, 

Sadat Naseri A, Balali P, Akhbari M, Ashraf H. The association between cardiac injury and outcomes 

in hospitalized patients with COVID-19. Internal and Emergency Medicine 2020. 

 

24. Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin Pract 2012; 

120(4): c179-184. 

 

25. Cai Q, Huang D, Yu H, Zhu Z, Xia Z, Su Y, Li Z, Zhou G, Gou J, Qu J, Sun Y, Liu Y, He Q, Chen J, 

Liu L, Xu L. COVID-19: Abnormal liver function tests. Journal of Hepatology 2020. 

https://doi.org/10.1016/j.jhep.2020.04.006 

 

26. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease 2019 

(COVID-19) Outbreak in China: Summary of a Report of 72 314 Cases From the Chinese Center for 

Disease Control and Prevention. Jama 2020; 323(13): 1239-1242. 

 

27. Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G, Turner AJ. A human homolog of angiotensin-

converting enzyme. Cloning and functional expression as a captopril-insensitive carboxypeptidase. The 

Journal of biological chemistry 2000; 275(43): 33238-33243. 

 

28. Danser AHJ, Epstein M, Batlle D. Renin-Angiotensin System Blockers and the COVID-19 Pandemic. 

Hypertension 2020; 75(6): 1382-1385. 

 

29. Oudit GY, Pfeffer MA. Plasma angiotensin-converting enzyme 2: novel biomarker in heart failure with 

implications for COVID-19. European Heart Journal 2020; 41(19): 1818-1820. 

 



Acc
ep

ted
 M

an
us

cri
pt

 

17 

 

30. Rossi GP, Sanga V, Barton M. Potential harmful effects of discontinuing ACE-inhibitors and ARBs in 

COVID-19 patients. Elife 2020; 9: e57278. 

 

31. Sommerstein R, Kochen Michael M, Messerli Franz H, Gräni C. Coronavirus Disease 2019 (COVID-

19): Do Angiotensin-Converting Enzyme Inhibitors/Angiotensin Receptor Blockers Have a Biphasic 

Effect? Journal of the American Heart Association 2020; 9(7): e016509. 

 

32. Statement from the American Heart Association, the Heart Failure Society of America and the 

American College of Cardiology. Patients taking ACE-i and ARBs who contract COVID-19 should 

continue treatment, unless otherwise advised by their physician. 

https://newsroom.heart.org/news/patients-taking-ace-i-and-arbs-who-contract-covid-19-should-

continue-treatment-unless-otherwise-advised-by-their-physician. March 17, 2020. 

 

33. Position Statement of the ESC Council on Hypertension on ACE-Inhibitors and Angiotensin Receptor 

Blockers. https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-

statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang. March 12, 2020. 

 

34. Mansfield KE, Nitsch D, Smeeth L, Bhaskaran K, Tomlinson LA. Prescription of renin–angiotensin 

system blockers and risk of acute kidney injury: a population-based cohort study. BMJ Open 2016; 

6(12): e012690. 

 

35. Silversides JA, Major E, Ferguson AJ, Mann EE, McAuley DF, Marshall JC, Blackwood B, Fan E. 

Conservative fluid management or deresuscitation for patients with sepsis or acute respiratory distress 

syndrome following the resuscitation phase of critical illness: a systematic review and meta-analysis. 

Intensive Care Med 2017; 43(2): 155-170. 

 

36. Womersley K, Ripullone K, Peters SA, Woodward M. Covid-19: Male disadvantage highlights the 

importance of sex disaggregated data. BMJ 2020; 370: m2870. 

https://newsroom.heart.org/news/patients-taking-ace-i-and-arbs-who-contract-covid-19-should-continue-treatment-unless-otherwise-advised-by-their-physician
https://newsroom.heart.org/news/patients-taking-ace-i-and-arbs-who-contract-covid-19-should-continue-treatment-unless-otherwise-advised-by-their-physician
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang


Acc
ep

ted
 M

an
us

cri
pt

 

18 

 

 

Figure legend 

Figure 1. Cumulative survival of patients based on the history of ARB usage in the A. All patients model and 

the B. Hypertensive patients model. ARB: angiotensin II receptor blockers. 
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Table 1. Baseline characteristics and clinical outcomes of hypertensive patients with and without ARB 

treatment. 

Characteristic* Total (N=254) 

ARB users 

(N=122) 

Non-ARB users 

(N=132) 

P† 

Demographics 

Age (year) 66.4±12.9 68.0±11.7 64.9±13.8 0.051 

Sex 

Female 105 (41.3%) 50 (41.0%) 55 (41.7%) 

0.912 

Male 149 (58.7%) 72 (59.0%) 77 (58.3%) 

Comorbidities 

DM 119 (46.9%) 57 (46.7%) 62 (47.0%) 0.968 

Cardiac disease 89 (35.0%) 56 (45.9%) 33 (25.0%) <0.001 

Cerebrovascular disease 21 (8.3%) 10 (8.2%) 11 (8.3%) 0.968 

Chronic lung disease 22 (8.7%) 10 (8.2%) 12 (9.1%) 0.800 

Chronic kidney disease 26 (10.2%) 15 (12.3%) 11 (8.3%) 0.298 

Malignancy 8 (3.1%) 4 (3.3%) 4 (3.0%) 0.910 

Drug history 

Statin 66 (26.0%) 54 (44.3%) 12 (9.1%) <0.001 

Aspirin 69 (27.2%) 54 (44.3%) 15 (11.4%) <0.001 

Metformin 53 (20.9%) 29 (23.8%) 24 (18.2%) 0.273 

Beta blocker 58 (22.8%) 42 (34.4%) 16 (12.1%) <0.001 

Calcium channel blocker 33 (13.0%) 23 (18.9%) 10 (7.6%) 0.008 

Baseline laboratory data 
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WBC (x10
9
/L) 7.3 [5.4-10.0] 7.3 [5.2-9.9] 7.4 [5.4-10.0] 0.640 

Neutrophil (x10
9
/L) 5.4 [3.6-8.2] 5.3 [3.6-8.2] 5.6 [3.6-8.2] 0.903 

Lymphocyte (x10
9
/L) 1.3 [0.9-1.8] 1.2 [0.8-1.8] 1.3 [1.0-1.8] 0.180 

Platelets (x10
9
/L) 192.0 [149.0-263.0] 196.0 [145.7-267.0] 191.0 [149.5-260.0] 0.875 

Neutrophil-to-lymphocyte 

ratio 

4.0 [2.6-7.7] 4.4 [2.5-8.7] 3.9 [2.6-6.6] 0.476 

Platelet-to-lymphocyte ratio 154.4 [113.4-220.0] 160.9 [118.7-255.5] 146.6 [107.8-216.8] 0.206 

SII 

816.6 [445.4-

1590.8] 

825.8 [473.9-

1809.7] 

778.5 [433.4-1459.4] 0.329 

RBC (x10
12

/L) 4.6 [4.1-5.0] 4.5 [4.0-5.0] 4.6 [4.1-5.0] 0.365 

Hemoglobin (g/dL) 13.3 [12.1-15.0] 13.2 [11.8-14.9] 13.4 [12.1-15.0] 0.389 

Urea (mg/dL) 41.0 [27.0-66.2] 45.5 [30.0-76.0] 39.0 [25.2-58.7] 0.060 

Creatinine (mg/dL) 1.2 [0.9-1.5] 1.2 [1.0-1.7] 1.1 [0.9-1.4] 0.037 

BUN/Creatinine 17.6 [12.8-28.7] 17.8 [36.7-13.2] 16.9 [12.7-24.4] 0.330 

Sodium (mmol/L) 136.2 [132.5-140.2] 136.1 [132.4-139.6] 136.7 [132.4-140.5] 0.386 

Potassium (mmol/L) 4.3 [4.0-4.6] 4.3 [4.1-4.6] 4.3 [3.9-4.7] 0.260 

CRP (mg/L) 60.9 [25.1-116.8] 66.5 [27.0-126.9] 57.6 [23.6-98.4] 0.122 

ESR (mm/h) 50.0 [28.0-83.0] 52.5 [33.5-87.2] 41.0 [27.0-77.5] 0.068 

LDH (U/L)  550.0 [443.2-686.5] 565.0 [441.5-691.0] 531.0 [443.0-688.0] 0.926 

hs-cTnI (pg/mL) 8.0 [2.2-35.4] 8.1 [2.3-41.0] 8.0 [1.9-28.8] 0.578 

AST (U/L) 50.0 [37.0-69.0] 53.5 [38.0-67.7] 48.0 [36.0-71.5] 0.500 

ALT (U/L) 36.0 [26.5-50.0] 36.0 [25.0-47.0] 37.0 [28.5-56.5] 0.126 

ALP (U/L) 176.0 [140.7-228.0] 176.5 [142.2-232.5] 175.0 [140.2-223.5] 0.807 
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In-hospital outcomes 

Hospital length of stay (day) 4.0 [3.0-8.0] 5.0 [3.0-9.0] 4.0 [2.0-6.0] 0.008 

Severity 182 (71.7%) 91 (74.6%) 91 (68.9%) 0.318 

Mortality 68 (26.8%) 33 (27.0%) 35 (26.5%) 0.923 

ARDS 80 (31.5%) 41 (33.6%) 39 (29.5%) 0.486 

Invasive ventilation 42 (16.5%) 20 (16.4%) 22 (16.7%) 0.953 

ACI 73 (28.7%) 38 (31.1%) 35 (26.5%) 0.415 

AKI 49 (19.3%) 31 (25.4%) 18 (13.6%) 0.018 

ALI 29 (11.4%) 11 (9.0%) 18 (13.6%) 0.247 

Multiorgan damage 67 (26.4%) 36 (29.5%) 31 (23.5%) 0.276 

* Data are presented as mean±standard deviation, number (%), or median [interquartile range]. 

† Statistically significant P-values are bolded.  

ACI: acute cardiac injury; AKI: acute kidney injury; ALI: acute liver injury; ALP: alkaline phosphatase; ALT: 

alanine aminotransferase; ARDS: acute respiratory distress syndrome; AST: aspartate aminotransferase; ARB: 

angiotensin II receptor blockers; BUN: blood urea nitrogen; CRP: C-reactive protein; DM: diabetes mellitus; 

ESR: erythrocyte sedimentation rate; hs-cTnI: high-sensitivity cardiac troponin I; LDH: lactate dehydrogenase; 

RBC: red blood cells; SII: systemic immune-inflammation index; WBC: white blood cells. 
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Table 2. Severity and mortality rates of confirmed or clinically suspected COVID-19 in hypertensive patients. 

Characteristic

* 

Total 

(N=254) 

Severity Mortality 

Severe 

(N=182) 

Non-

severe 

(N=72) 

P† 

Deceased 

(N=68) 

Survived 

(N=186) 

P† 

Demographics 

Age (years) 

66.4±12.

9 

67.7±12.

4 

62.9±13.

5 
0.007 

73.3±11.

0 

63.8±12.

8 

<0.00

1 

Sex 

Femal

e 

105 

(41.3%) 

81 

(44.5%) 

24 

(33.3%) 

0.103 

30 

(44.1%) 

75 

(40.3%) 

0.587 

Male 

149 

(58.7%) 

101 

(55.5%) 

48 

(66.7%) 

38 

(55.9%) 

111 

(59.7%) 

Comorbidities 

DM 

119 

(46.9%) 

96 

(52.7%) 

23 

(31.9%) 
0.003 

39 

(57.4%) 

80 

(43.0%) 
0.043 

Cardiac disease 

89 

(35.0%) 

64 

(35.2%) 

25 

(34.7%) 

0.947 

27 

(39.7%) 

62 

(33.3%) 

0.346 

Cerebrovascular 

disease 

21 (8.3%) 18 (9.9%) 3 (4.2%) 0.136 

13 

(19.1%) 

8 (4.3%) 
<0.00

1 

Chronic lung disease 22 (8.7%) 

19 

(10.4%) 

3 (4.2%) 0.109 

10 

(14.7%) 

12 (6.5%) 0.038 

Chronic kidney 

disease 

26 

(10.2%) 

19 

(10.4%) 

7 (9.7%) 0.865 8 (11.8%) 18 (9.7%) 0.627 
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Malignancy 8 (3.1%) 5 (2.7%) 3 (4.2%) 0.559 4 (5.9%) 4 (2.2%) 0.132 

Drug history        

Statin 

66 

(26.0%) 

52 

(28.6%) 

14 

(19.4%) 

0.135 

17 

(25.0%) 

49 

(26.3%) 

0.829 

Aspirin 

69 

(27.2%) 

51 

(28.0%) 

18 

(25.0%) 

0.626 

21 

(30.9%) 

48 

(25.8%) 

0.421 

Metformin 

53 

(20.9%) 

41 

(22.5%) 

12 

(16.7%) 

0.300 

20 

(29.4%) 

33 

(17.7%) 
0.043 

Beta blocker 

58 

(22.8%) 

42 

(23.1%) 

16 

(22.2%) 

0.884 

18 

(26.5%) 

40 

(21.5%) 

0.404 

ARB 

112 

(48.0%) 

91 

(50.0%) 

31 

(43.1%) 

0.318 33 

(485%) 

89 

(47.8%) 

0.923 

Calcium channel 

blocker 

33 

(13.0%) 

25 

(13.7%) 

8 (11.1%) 0.575 9 (13.2%) 

24 

(12.9%) 

0.944 

Baseline laboratory data 

WBC (x10
9
/L) 

7.3 [5.4-

10.0] 

7.8 [5.4-

10.5] 

7.0 [5.3-

9.3] 

0.227 

9.7 [6.5-

14.1] 

6.7 [5.1-

9.3] 

<0.00

1 

Neutrophil (x10
9
/L) 

5.4 [3.6-

8.2] 

5.6 [3.8-

8.4] 

5.1 [3.3-

6.9] 

0.072 

7.8 [5.5-

10.6] 

4.5 [3.4-

7.2] 

<0.00

1 

Lymphocyte 

(x10
9
/L) 

1.3 [0.9-

1.8] 

1.2 [0.8-

1.8] 

1.4 [1.0-

1.8] 

0.091 

1.0 [0.7-

1.6] 

1.3 [1.0-

1.8] 

<0.00

1 

Platelets (x10
9
/L) 

192.0 

[149.0-

189.5 

[147.7-

200.0 

[150.5-

0.667 
207.0 

[151.0-

190.0 

[148.0-

0.356 
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263.0] 275.0] 252.5] 277.0] 256.7] 

Neutrophil-to-

lymphocyte ratio 

4.0 [2.6-

7.7] 

4.4 [2.8-

8.7] 

3.5 [2.3-

6.0] 
0.011 

6.7 [4.1-

10.9] 

3.5 [2.4-

6.0] 

<0.00

1 

Platelet-to-

lymphocyte ratio 

154.4 

[113.4-

220.0] 

156.5 

[109.3-

247.7] 

149.0 

[117.0-

192.8] 

0.336 

206.1 

[126.0-

268.9] 

143.2 

[107.5-

201.3] 

0.002 

SII 

816.6 

[445.4-

1590.8] 

881.1 

[444.8-

1745.5] 

713.3 

[449.3-

1150.2] 

0.065 

1375.7 

[783.2-

3093.1] 

740.6 

[407.6-

1234.6] 

<0.00

1 

RBC (x10
12

/L) 
4.6 [4.1-

5.0] 

4.5 [4.0-

5.0] 

4.7 [4.1-

5.0] 

0.334 

4.4 [3.9-

4.9] 

4.6 [4.1-

5.0] 

0.112 

Hemoglobin (g/dL) 

13.3 

[12.1-

15.0] 

13.1 

[12.0-

14.9] 

13.8 

[12.3-

15.0] 

0.328 

13.1 

[11.2-

14.7] 

13.5 

[12.2-

15.1] 

0.045 

Urea (mg/dL) 

41.0 

[27.0-

66.2] 

45.5 

[28.0-

73.2] 

35.0 

[26.0-

57.0] 

0.044 

59.0 

[38.0-

107.0] 

36.0 

[25.0-

54.0] 

<0.00

1 

Creatinine (mg/dL) 
1.2 [0.9-

1.5] 

1.2 [1.0-

1.6] 

1.1 [0.9-

1.4] 

0.122 

1.4 [1.1-

2.1] 

1.1 [0.9-

1.4] 

<0.00

1 

BUN/Creatinine 

17.6 

[12.8-

28.7] 

18.8 

[13.5-

33.3] 

14.8 

[11.6-

21.3] 

0.016 

23.1 

[15.5-

61.8] 

16.5 

[11.6-

22.2] 

<0.00

1 

Sodium (mmol/L) 
136.2 

[132.5-

135.6 

[132.0-

138.1 

[134.7-
0.003 

135.9 

[132.7-

136.7 

[132.4-

0.881 
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140.2] 139.2] 141.1] 139.7] 140.4] 

Potassium (mmol/L) 
4.3 [4.0-

4.6] 

4.3 [4.0-

4.7] 

4.3 [4.0-

4.6] 

0.753 

4.3 [3.8-

4.7] 

4.3 [4.0-

4.6] 

0.591 

CRP (mg/L) 

60.9 

[25.1-

116.8] 

67.5 

[33.6-

126.6] 

47.2 

[10.9-

78.2] 

0.001 

80.2 

[57.7-

140.7] 

53.4 

[14.9-

97.9] 

<0.00

1 

ESR (mm/h) 

50.0 

[28.0-

83.0] 

51.5 

[30.0-

87.0] 

40.5 

[21.0-

76.2] 

0.021 

59.0 

[27.0-

90.0] 

46.0 

[29.0-

79.0] 

0.176 

LDH (U/L) 

550.0 

[443.2-

686.5] 

598.5 

[485.5-

745.2] 

460.0 

[347.2-

551.5] 

<0.00

1 

677.0 

[498.5-

837.2] 

528.5 

[436.0-

644.2] 

0.001 

hs-cTnI (pg/mL) 
8.0 [2.2-

35.4] 

11.0 [3.1-

52.9] 

3.9 [1.5-

8.0] 

<0.00

1 

34.7 [7.2-

144.5] 

6.1 [1.7-

18.0] 

<0.00

1 

AST (U/L) 

50.0 

[37.0-

69.0] 

57.5 

[42.2-

75.0] 

38.0 

[30.5-

43.0] 

<0.00

1 

66.5 

[49.5-

90.7] 

44.0 

[36.0-

60.5] 

<0.00

1 

ALT (U/L) 

36.0 

[26.5-

50.0] 

38.0 

[28.0-

53.0] 

30.0 

[24.0-

40.0] 

<0.00

1 

45.5 

[31.0-

62.0] 

34.0 

[25.0-

45.0] 

<0.00

1 

ALP (U/L) 

176.0 

[140.7-

228.0] 

177.0 

[140.7-

230.5] 

169.5 

[140.7-

215.0] 

0.686 

186.0 

[140.0-

248.0] 

174.0 

[141.0-

222.0] 

0.272 

In-hospital outcomes 
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Hospital length of 

stay (day) 

4.0 [3.0-

8.0] 

5.0 [3.0-

8.5] 

3.0 [2.0-

5.0] 

<0.00

1 

7.0 [3.0-

10.0] 

4.0 [3.0-

7.0] 
0.048 

ARDS 
80 

(31.5%) 

80 

(44.0%) 

0 
<0.00

1 

49 

(72.1%) 

31 

(16.7%) 

<0.00

1 

Invasive ventilation 
42 

(16.5%) 

42 

(23.1%) 

0 
<0.00

1 

42 

(61.8%) 

0 
<0.00

1 

ACI 
73 

(28.7%) 

69 

(37.9%) 

4 (5.6%) 
<0.00

1 

34 

(50.0%) 

39 

(21.0%) 

<0.00

1 

AKI 
49 

(19.3%) 

46 

(25.3%) 

3 (4.2%) 
<0.00

1 

36 

(52.9%) 

13 (7.0%) 
<0.00

1 

ALI 
29 

(11.4%) 

25 

(13.7%) 

4 (5.6%) 0.065 

18 

(26.5%) 

11 (5.9%) 
<0.00

1 

Multiorgan damage 
67 

(26.4%) 

67 

(36.8%) 

0 
<0.00

1 

48 

(70.6%) 

19 

(10.2%) 

<0.00

1 

* Data are presented as mean±standard deviation, number (%), or median [interquartile range]. 

† Statistically significant P-values are bolded. 

ACI: acute cardiac injury; AKI: acute kidney injury; ALI: acute liver injury; ALP: alkaline phosphatase; ALT: 

alanine aminotransferase; ARDS: acute respiratory distress syndrome; AST: aspartate aminotransferase; ARB: 

angiotensin II receptor blockers; BUN: blood urea nitrogen; CRP: C-reactive protein; DM: diabetes mellitus; 

ESR: erythrocyte sedimentation rate; hs-cTnI: high-sensitivity cardiac troponin I; LDH: lactate dehydrogenase; 

RBC: red blood cells; SII: systemic immune-inflammation index; WBC: white blood cells. 
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Table 3. Comparison of in-hospital outcomes of hypertensive patients with confirmed or clinically suspected 

COVID-19 based on the history of ARBs usage. 

In-hospital outcomes* 

Continued 

(N=79) 

Discontinued 

(N=43) 

Newly started 

(N=36) 

Never used 

(N=96) 

P† 

Hospital length of stay (day) 5.0 [3.0-8.0] 7.0 [3.0-11.0] 6.0 [3.0-10.0] 4.0 [2.0-6.0] 0.069 

Mortality 10 (12.7%) 23 (53.5%)‡ 7 (19.4%) 28 (29.2%) <0.001 

ARDS 22 (27.8%) 19 (44.2%) 14 (38.9%) 25 (26.0%) 0.115 

Invasive ventilation 6 (7.6%) 14 (32.6%)‡ 5 (13.9%) 17 (17.7%) 0.005 

ACI 21 (26.6%) 17 (39.5%) 11 (30.6%) 24 (25.0%) 0.342 

AKI 14 (17.7%) 17 (39.5%)‡ 5 (13.9%) 13 (13.5%) 0.003 

ALI 7 (8.9%) 4 (9.3%) 5 (13.9%) 13 (13.5%) 0.718 

Multiorgan damage 18 (22.8%) 18 (41.9%) 10 (27.8%) 21 (21.9%) 0.076 

* Data are presented as number (%) or median [interquartile range]. 

† Statistically significant P-values are bolded. 

‡ Chi-square post-hoc P-value˂0.00625 

ACI: acute cardiac injury; AKI: acute kidney injury; ALI: acute liver injury; ARDS: acute respiratory distress 

syndrome. 
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Table 4. Prognostic value of ARB usage for prediction of in-hospital outcomes of patients with confirmed or 

clinically suspected COVID-19. 

In-hospital outcomes 

All patients† Hypertensive patients‡ 

OR 95% CI P* OR 95% CI P* 

Mortality 1.00 0.48-2.06 0.996 0.86 0.42-1.78 0.689 

Severity 1.21 0.65-2.24 0.553 1.23 0.66-2.30 0.522 

ARDS 1.06 0.58-1.94 0.844 1.12 0.61-2.06 0.709 

Invasive ventilation 0.92 0.41-2.06 0.842 0.88 0.41-1.90 0.749 

ACI 1.24 0.67-2.29 0.492 1.36 0.75-2.47 0.315 

AKI 2.17 1.06-4.44 0.034 2.26 1.13-4.56 0.022 

ALI 0.54 0.21-1.40 0.207 0.54 0.21-1.42 0.214 

Multiorgan damage 1.50 0.77-2.90 0.230 1.53 0.80-2.94 0.200 

† Multivariate logistic regression adjusted for age, sex, diabetes mellitus, hypertension, cardiac disease, 

cerebrovascular disease, chronic lung disease, chronic kidney disease, neutrophil-to-lymphocyte ratio, urea, and 

C-reactive protein. 

‡ Multivariate logistic regression adjusted for age, sex, diabetes mellitus, cerebrovascular disease, chronic lung 

disease, chronic kidney disease, neutrophil-to-lymphocyte ratio, urea, and C-reactive protein. 

* Statistically significant P-values are bolded. 

ACI: acute cardiac injury; AKI: acute kidney injury; ALI: acute liver injury; ARDS: acute respiratory distress 

syndrome. 
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