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Abstract- The pneumonia like disease caused by severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2), named as 

coronavirus disease 2019 (Covid-19), continues to be a global 

public health issue even today. The disease first reported in 

Wuhan, China in December 2019, earned a pandemic status 

within couple of months as it spread to various parts of the globe, 

infecting a substantial world population and exhibiting high 

mortality rate. However, many studies indicated that despite 

being a global health issue the impact was not homogenous 

across the globe, few countries suffered more as compared to 

others. Further, a large number of reported deaths worldwide, 

were attributed to comorbid conditions. Subsequently, many 

research studies investigated the issue and suggested several 

plausible risk factors ranging from air quality, to biological 

attributes like age, sex and certain comorbidities, that predispose 

the population to SARS-CoV-2 infection or enhance the severity 

of Covid-19 outcomes in the patients. As the pathophysiology of 

the disease gradually unfolded, highlighting the damage inflicted 

to multiple organs, it also drew researchers’ attention to 

hypertension, one of the frequently observed comorbidity in 

Covid-19 patients that developed severe form of the disease. 

Angiotensin-converting enzyme 2 (ACE2), a vital key for the 

virus entry into the cell, performs crucial role in several 

physiological functions, including vasodilatation via renin-

angiotensin system (RAS). The apparent relationship between 

hypertension, severity of Covid-19, ACE2 and its 

antihypertensive role via RAS, led to several research studies, set 

to find out the possible linkage between hypertension and Covid-

19. This also generated debate over use of angiotensin-

converting enzyme inhibitors (ACEIs) and angiotensin receptor 

blockers (ARBs) for treatment of Covid-19. This study is an 

attempt to provide a critical review on the relationship between 

hypertension and Covid-19 and the possible clinical outcomes of 

using ACEI and ARBs for treatment in Covid-19 patients. 

Index Terms- ACE2, ACEIs, ARBs, Covid-19, Hypertension, 

RAS 

I. INTRODUCTION 

oronavirus disease 2019 (Covid-19) pandemic caused by 

severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) has affected 373,229,380 people and claimed 5,658,702 

lives worldwide, to date [1]. The disease was first reported in 

Wuhan, China, on 31, December,2019 and on 11 March 2020, 

the World Health Organization (WHO) declared it a pandemic 

[2], subsequent to its accelerated spread to various parts of the 

world. As the world reeled under the Covid-19 pandemic, many 

studies reported poor prognosis and high mortality rate of Covid-

19 patients with underlying health issues [3,4,5] and suggested a 

potential correlation between comorbidities and vulnerability of 

patients to severe complications of SARS-Cov-2 infection. It was 

observed that though Covid-19 disease primarily affects the 

lungs resulting in pneumonia and severe acute respiratory 

distress syndrome (ARDS), in severe cases it inflicted damage to 

multiple organs, especially the cardiovascular system and deaths 

were mainly due to ARDS, renal and cardiac failure [6].The 

novel coronavirus SARS-CoV-2 employs Angiotensin 

Converting Enzyme -2 (ACE2) [7], a modulator of the renin 

angiotensin system (RAS), to infiltrate the cells and inflicts 

damage to multiple organs. The RAS, exerts physiological 

control over cardiovascular system via a hormonal cascade and is 

critically important for maintaining blood pressure. The 

association of SARS-CoV-2 with ACE2 and prevalence of 

hypertension as one of the leading health issue amongst severely 

ill and deceased Covid-19 patients [8,9,10,11], led to 

speculations that hypertension could be a plausible player 

potentiating susceptibility to infection and aggravating the 

clinical outcomes of Covid-19. Concerns were also raised over 

administration of angiotensin-converting enzyme inhibitors 

(ACEIs) and angiotensin receptor blockers (ARBs) in patients as 

these tend to upregulate expression of ACE2 - the receptor 

mediating cellular entry of SARS-Cov-2 [12]. This study is an 

attempt to critically review the relationship between hypertension 

and Covid-19 and comprehend the possible clinical outcomes of 

using RAS modifiers in treatment of patients.                

II. RAS 

The renin angiotensin system (RAS) is an intricate and highly 

regulated cascade of hormones and receptors. It plays a pivotal 

role in physiological control of blood pressure regulation via 

regulating body fluid volume and maintaining systemic vascular 

resistance [13], entailing multiple organ systems. Interestingly, 

the system is also involved in several pathological processes 
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including vasoconstriction and hypertension [13,14,15]. The 

RAS signal transduction system comprises of a classical RAS 

pathway and a protective RAS/ counter- regulatory RAS pathway 

(Figure 1). Classical renin-angiotensin system (Classical RAS) 

pathway is responsible for generation of the crucial and the main 

effector molecule of RAS - Angiotensin II (Ang II), a peptide 

hormone from the substrate angiotensinogen (Agt) through 

sequential cleavage by proteases; renin- converting Agt into 

Angiotensin I (Ang I) and angiotensin converting enzyme (ACE) 

–catalyzing formation of Ang II from Ang I [13,14].   

 

 
Figure 1 Classical and counter-regulatory renin- angiotensin 

system (RAS) 

ACE, angiotensin‐converting enzyme; ACE2, 

angiotensin‐converting enzyme 2; Ang 1‐7, angiotensin 1‐7; Ang 

II, angiotensin II; AT1R, type 1 angiotensin II receptor; MasR, 

Mas receptor; AT2R, type 2 angiotensin II receptor 

 

The cellular effects of classical RAS are mediated via Ang II and 

the two specific angiotensin receptors it binds with, called Ang II 

Type 1 (AT1R) and Ang II Type2 (AT2R) receptors. In classical 

RAS, Ang II mainly acts by binding to AT1R and promotes 

vasoconstriction and salt and fluid retention, consequently 

leading to elevated blood pressure. Overstimulation of classical 

RAS is responsible for many detrimental pathological processes. 

This represents the “classical arm” of RAS pathway. Further, in 

the presence of angiotensin converting enzyme 2 (ACE2, a 

homologue of ACE), Ang I, can also form Ang (1–9) and Ang II 

can be converted to Ang (1–7) by ACE [16], constituting the 

protective RAS pathway. Ang (1–7) mainly exerts the biological 

effects through Mas receptor (MasR) and Ang (1-9) binds to 

AT2R, resulting in vasodilation and promoting anti-proliferative 
and anti-inflammatory effects [16]. This arm of the RAS pathway 

known as “protective arm”, is actually counter-regulatory in 

nature and balance the effects exerted by classical arm of the 

RAS [14,15]. The ACE2, therefore, is at the center of counter-  

regulatory RAS system, playing critical role, both in promotion 

and protection against pathological conditions, including 

hypertension- a comorbid condition reported in many Covid-19 

patients. Role of ACE2 in vasodilation and its interaction with 

SARS-Cov-2, an essential step for cellular entry of the virus 

makes the idea of hypertension having a link with Covid-19 very 

attractive.           

III. RAS AND COVID-19  

Studies have confirmed the role of ACE2 in novel coronavirus 

entry into cell, which also serves as the central component of 

protective arm of RAS. To investigate the association between 

RAS and Covid-19 it’s important to understand the expression 

and function of ACE2 under normal and Covid-19 infection 

conditions. As SARS-CoV-2 exploits ACE2 to invade cells, the 

resulting internalization of ACE2 leads to an acquired deficiency 

of this cell surface receptor, theoretically translating into 

suppression of protective arm of RAS, justifying the various 

clinical pathological conditions observed in Covid-19 cases. The 

acquired ACE2 deficiency can also lead to overstimulation of 

classical RAS, as the level of Ang II - the main effector molecule 

of RAS, surges due to reduced conversion into Ang (1-7), 

resulting into vasoconstriction, hypertension and inflicting serve 

injury to multiple organs in Covid-19 patients. Studies based on 

animal model and human have reported an elevated ACE/ACE2 

ratio in cardiovascular disease and hypertension, resulting from 

enhanced ACE2 downregulation [17,18,19,20]. In rat models, 

ACE2 deficiency lead to increased levels of Ang II, exacerbating 

the hypertension [19,20] and cardiac impairment [17]. ACE2 

gene expression and/ ACE2 protein was found to be 

downregulated in case of human hypertensive patients as 

compared to normotensive ones [20]. The suppression of 

protective arm and activation of classical arm of RAS can 

explain the link between RAS and observed pathophysiology of 

Covid-19. 

IV. HYPERTENSION AND COVID-19  

There is a growing body of evidence indicating hypertension as 

one of the major risk factor associated with Covid-19 infection 

and severe consequences in patients. A retrospective cohort study 

in Wuhan, reported hypertension as the most prevalent (30%) 

comorbidity observed in adult Covid-19 patients with underlying 

health issues [8]. In case of severe Covid-19 patients 23.7% had 

hypertension while the prevalence rate was reported to be 58.3% 

in another study [21,22]. The observed high prevalence rate of 

hypertension amongst Covid-19 patients, turning it into the most 

common comorbidity is justifiable as elderly are prone to 

infection and develop a severe form of the disease and chances of 

hypertension increase with advancement of age, that explains the 

observed linkage between Covid-19 cases and hypertension. The 

observed association raised concerns - whether individuals with 

hypertension are at higher risk of acquiring SARS-CoV-2 

infection and developing severe complications or not [23] and 

lead to several research studies investigating the issue. Studies 

have suggested increased risk of getting the infection and 
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developing a severe disease in patients with cardiovascular 

disease (CVD) including hypertension [24]. Hypertension was 

found to be associated with poor prognosis and severe outcomes 

in many Covid-19 cases [6,25,26] and the reason could be ACE2 

involvement in both RAS and Covid-19. In a study using rodent 

models, marked increase in plasma Ang II levels was reported in 

ACE2 deficient mice as compared to control when Ang II was 

infused and exhibited enhanced susceptibility to Ang-II induced 

hypertension while no abnormalities were observed in cardiac 

structure and functioning [27]. Absence of expected cardiac 

abnormalities emerging from increased Ang II in ACE2 deficient 

mice models, indicates that effect of ACE2 on heart involves a 

more complex mechanism than what it looks [27]. Angiotensin-

converting enzyme 2 (ACE2) is highly expressed in lungs and 

heart making cardiovascular system the next target of SARS-

Cov-2, after lungs. ACE2 plays a vital role in cardiovascular 

system functioning and maintaining the blood pressure, as 

negative regulator of RAS and suppression of the protective arm 

in hypertensive individuals can exacerbate the complications in 

case of Covid-19 infection. One plausible explanation for 

increased susceptibility and chances of severe outcomes of 

Covid-19 in patients with hypertension can be increased 

shedding of ACE2 due to overexpression of metalloproteinase 

ADAM17 also known as TNF-α-converting enzyme (TACE) 

resulting from increased levels of Ang II, a vasoconstrictor and 

pro-inflammatory molecule [28]. Downregulation of ACE2 

resulting from SARS-CoV-2 mediated internalization of ACE2 

would further upregulate ADAM17, exacerbating the RAS 

imbalance, leading to aggravated disease condition. Studies have 

established that SARS-CoV induced ADAM17 mediated 

shedding of ACE2 ectodomain can facilitate viral entry into cell 

though the precise mechanism is yet to be understood [18,29]. As 

SARS-CoV and SARS-CoV-2 belong to the same family and 

both use ACE2 as receptor to enter the cell there is a possibility 

that SARS-CoV-2 also takes advantage of ADAM17 mediated 

ACE2 shedding for increased viral entry. SARS-Cov-2 virus in 

one hand leads to acquired deficiency of membrane bound ACE2 

(mACE2) due to internalization, that may further elevate the 

blood pressure in hypertensive Covid-19 patients, on the other 

hand it induces ACE2 shedding leading to increased levels of 

soluble ACE2 (sACE2) that retains the catalytic activity. The 

consequent surge in Ang II due to reduced levels of mACE2 

further enhances ACE2 shedding as it upregulates the ADAM17 

that normally cleaves the mACE2 and releases it as sACE2 [30]. 

The function of sACE2 remains elusive but elevated levels of 

sACE2 has been found associated with cytokine storm in patients 

with severe disease, suggesting a possible link between sACE2 

and aggressive inflammation, adding to disease severity in 

Covid-19 cases. Augmented proinflammatory cytokines like IL-

1b, IL-6, IFN-γ, IL-8, and TNF-α induced by SARS-CoV-2 give 

rise to an acute inflammatory response (cytokine storm) [31,32] 

and has been associated with exacerbation of ARDS and 

extensive tissue damage leading to multi-organ failure and 

mortality, in Covid-19 patients [33,34]. Therefore, increased 

levels of sACE2 in Covid-19 patients with CVD including 

hypertension could be an indicator for development of severe 

form of disease [24,35]. Further, downregulation of ACE2 has 

been found to induce lung injury via increased binding of AngII 

with AT1R [19]. In a small cohort study of Covid-19 patients in 

China, elevated plasma Ang II levels were reported to be linearly 

linked with viral load and lung injury [36]. SARS-CoV-2 

infection exacerbates downregulation of ACE2 in hypertensive 

patients that leads to plethora of adverse effects, manifested in 

multiple ways. Targeting ACE and angiotensin II receptor via 

ACE inhibitors (ACEIs) and Angiotensin receptor blockers 

(ARBs) respectively, could be an effective therapy for 

management of Covid-19 patients but it also raises concern over 

safety and potential outcomes of antihypertension therapy 

involving these pharmacological classes of drugs, in hypertensive 

patients  as these drugs tend to upregulate ACE2 in animal 

models [37,38,39] , the receptor for SARS-Co-V-2 and that 

might translate into increased susceptibility to infection.   

   

V. ACEI AND ARBS FOR TREATMENT IN COVID-19 

PATIENTS 

The protective arm of RAS exerts its effect by counter balancing 

classical RAS system and provides protection against various 

pathological disease conditions especially related to pulmonary 

and cardiovascular system and is anti-inflammatory in nature. In 

human physiology ACE2 enzyme plays a critical role via RAS 

[16,19,20,30,40]. Altered ACE2 expression may lead to 

pathological conditions and also enhances susceptibility to 

infection and severity of Covid-19. SARS-CoV-2 invasion, 

induces downregulation of ACE2 that can exacerbate the 

preexisting ACE2 deficiency in subjects with certain comorbid 

conditions like hypertension. Further, SARS-CoV-2 disrupts the 

ACE/ACE2 ratio that facilitates rapid progression of infection 

into ARDS to multiple organ failure, leading to death. 

Upregulation of ACE2, through RAS blockers such as ACEIs 

and ARBs can modulate Ang II levels and turns these two classes 

of drugs into promising candidates for treatment of Covid-19 

patients [41,42]. Studies based on animal models have indicated 

that ACEIs and ARBs can upregulate the ACE2[39]. A 

pathobiology based model of Covid-19 also suggested that 

ACEIs and ARBs can prove effective therapeutics by elevating 

expression of ACE2 [43]. Enhanced expression of ACE2 also 

means increased viral entry points thus leading to speculations 

that these drugs could have detrimental effects in Covid-19 

patients. The argument though a speculation only raised potential 

outcome concerns and is probably the reason that despite of well-

established role of ACE2 as vasodilator and providing protection 

against tissue injuries triggered by Coronavirus invasion, use of 

ACEIs and ARBS in treatment of hypertensive Covid-19 patients 

remains controversial as ACE2 upregulation can potentiate 

increased susceptibility to infection [12,44]. The speculation led 

to number of studies investigating the issue and several 

researchers reported no positive correlation between these two 

classes of drugs and associated risk of getting the infection and 

developing a severe disease in Covid-19 patients [45,46,47] and 

thus could not provide any evidence in favour of the hypothesis. 

Analysis of a study based on Italian population post 

multivariable adjustment found no significant association 

between ACEIs/ARBs used alone or in combination with other 

antihypertensive drugs and increased risk of infection or 

development of a severe form of Covid-19 [46]. In a similar 
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population-based investigation carried out in Spain involving 

1139 COVID-19 patients and 11,390 matched controls, 

examined the use of various antihypertensive drugs and found no 

association of ACEIs/ARBs and increased risk of infection or 

with hospitalization [48]. In another population based study 

conducted in South Korea to examine the association between 

RAS inhibitors including ACEIs/ARBs and risk and severity of 

Covid-19 infection, 950 out of 16,281 hypertensive subjects 

tested positive for Covid-19 and increased risk of hospitalization 

was absent in those who received ACEIs or ARBs treatment 

[49].  A meta-analysis of these three population based case-

control studies comprising 882 Covid-19 patients that were using 

ACEIs/ARBs and 6144 respective population-based matched 

controls failed to find any significant association between 

ACEI/ARB and all-cause mortality/severe disease [50]. In 

another meta-analysis, involving 3936 hypertensive patients 

tested positive for Covid-19, no correlation was found between 

ACEI/ARB treatment and severity of disease. However, the 

study reported a reduced mortality [51]. Another study 

encompassing 19,000 Covid-19 cases, found no association 

between use of ACEIs/ARBs and increased risk of infection, 

severity or mortality, however a reduced risk of mortality was 

reported [52]. Similar protective effects of ACEIs and ARBs 

were reported in a retrospective cohort study, comprising of 

hypertensive patients with no other known comorbidity, that 

compared the three antihypertensive drug classes- ACEIs, ARBs 

and calcium channel blockers (CCBs), for the risk of 

hospitalization in Covid-19 patients [53]. In a recent detailed 

review also no negative impact of ACEIs/ARBs could be 

established regarding increased susceptibility and exacerbation of 

Covid-19 infection [54], though authors cautioned that more 

clinical trials are required to establish safety or protective role of 

these two classes of antihypertensive drugs. 

VI.   CONCLUSION  

Hypertension is one of the most prevalent comorbidity in Covid-

19 patients across the globe and many studies have suggested a 

positive correlation between hypertension and increased risk and 

severity of Covid-19. All the studies presented in the present 

review serve as an evidence and suggest that hypertension, 

resulting from a dysfunctional RAS, can be a decisive factor in 

outcome of Covid-19, however increased susceptibility to 

infection could not be substantiated by these studies and requires 

further evidence. Further, as the individual responses between 

patients vary to a great extent, hypertension alone cannot be 

considered as the single disease phenotype and other host 

attributes also need to be taken into consideration while 

predicting the Covid-19 disease outcome. The finding of this 

review can be helpful in preliminary screening of patients at 

higher risk of poor prognosis and serious clinical outcomes of 

Covid-19. It can also help hypertensive Covid-19 patients to be 

cautious and monitor the disease prognosis closely as SARS-

CoV-2 infection can transform from ARDS to multiple organ 

failure and mortality in a relatively short span of time. Based on 

the studies reported, it is also concluded that use of ACEIs and 

ARBs in hypertensive Covid-19 subjects does not increase the 

risk of infection, severity of disease and mortality, however the 

risk of mortality is reduced. Therefore, ACEI/ARB use should 

not be discontinued in hypertensive patients tested positive for 

Covid-19.                                                 

  

REFERENCES 

[1] WHO Coronavirus disease (COVID-19) Situation Dashboard - 
https://covid19.who.int/ Accessed February 1, 2022. 

[2] http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-
covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-
pandemic. 

[3] Feng, Y., Ling, Y., Bai, T., Xie, Y., Huang, J., Li, J., Xiong, W., Yang, D., 
Chen, R., Lu, F., Lu, Y., Liu, X., Chen, Y., Li, X., Li, Y., Summah, H. D., 
Lin, H., Yan, J., Zhou, M., Lu, H., … Qu, J. (2020). COVID-19 with 
Different Severities: A Multicenter Study of Clinical Features. American 
journal of respiratory and critical care medicine, 201(11), 1380–1388. 
https://doi.org/10.1164/rccm.202002-0445OC 

[4] Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., Zhang, L., Fan, G., 
Xu, J., Gu, X., Cheng, Z., Yu, T., Xia, J., Wei, Y., Wu, W., Xie, X., Yin, 
W., Li, H., Liu, M., Xiao, Y., … Cao, B. (2020). Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 
(London, England), 395(10223), 497–506. https://doi.org/10.1016/S0140-
6736(20)30183-5 

[5] Liang, W., Guan, W., Chen, R., Wang, W., Li, J., Xu, K., Li, C., Ai, Q., Lu, 
W., Liang, H., Li, S., & He, J. (2020). Cancer patients in SARS-CoV-2 
infection: a nationwide analysis in China. The Lancet. Oncology, 21(3), 
335–337. https://doi.org/10.1016/S1470-2045(20)30096-6 

[6] Emami, A., Javanmardi, F., Pirbonyeh, N., & Akbari, A. (2020). Prevalence 
of Underlying Diseases in Hospitalized Patients with COVID-19: a 
Systematic Review and Meta-Analysis. Archives of academic emergency 
medicine, 8(1), e35. 

[7] Hoffmann, M., Kleine-Weber, H., Schroeder, S., Krüger, N., Herrler, T., 
Erichsen, S., Schiergens, T. S., Herrler, G., Wu, N. H., Nitsche, A., Müller, 
M. A., Drosten, C., & Pöhlmann, S. (2020). SARS-CoV-2 Cell Entry 
Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven 
Protease Inhibitor. Cell, 181(2), 271–280.e8. 
https://doi.org/10.1016/j.cell.2020.02.052 

[8] Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., Xiang, J., Wang, Y., 
Song, B., Gu, X., Guan, L., Wei, Y., Li, H., Wu, X., Xu, J., Tu, S., Zhang, 
Y., Chen, H., & Cao, B. (2020). Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a 
retrospective cohort study. Lancet (London, England), 395(10229), 1054–
1062. https://doi.org/10.1016/S0140-6736(20)30566-3 

[9] Mubarik, S., Liu, X., Eshak, E. S., Liu, K., Liu, Q., Wang, F., Shi, F., Wen, 
H., Bai, J., Yu, C., & Cao, J. (2021). The Association of Hypertension With 
the Severity of and Mortality From the COVID-19 in the Early Stage of the 
Epidemic in Wuhan, China: A Multicenter Retrospective Cohort Study. 
Frontiers in medicine, 8, 623608. https://doi.org/10.3389/fmed.2021.623608 

[10] Leiva Sisnieguez, C. E., Espeche, W. G., & Salazar, M. R. (2020). Arterial 
hypertension and the risk of severity and mortality of COVID-19. The 
European respiratory journal, 55(6), 2001148. 
https://doi.org/10.1183/13993003.01148-2020 

[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., … Li, H. (2020). 
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, 126(12), 
1671–1681. https://doi.org/10.1161/CIRCRESAHA.120.317134 

[12] Esler, M., & Esler, D. (2020). Can angiotensin receptor-blocking drugs 
perhaps be harmful in the COVID-19 pandemic?. Journal of hypertension, 
38(5), 781–782. 

[13] Yang, T., & Xu, C. (2017). Physiology and Pathophysiology of the 
Intrarenal Renin-Angiotensin System: An Update. Journal of the American 
Society of Nephrology : JASN, 28(4), 1040–1049. 
https://doi.org/10.1681/ASN.2016070734 

[14] Paz Ocaranza, M., Riquelme, J. A., García, L., Jalil, J. E., Chiong, M., 
Santos, R., & Lavandero, S. (2020). Counter-regulatory renin-angiotensin 
system in cardiovascular disease. Nature reviews. Cardiology, 17(2), 116–
129. https://doi.org/10.1038/s41569-019-0244-8 

http://dx.doi.org/10.29322/IJSRP.12.03.2022.p12318
http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 12, Issue 3, March 2022              128 
ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

http://dx.doi.org/10.29322/IJSRP.12.03.2022.p12318   www.ijsrp.org 

[15] Singh, K. D., & Karnik, S. S. (2016). Angiotensin Receptors: Structure, 
Function, Signaling and Clinical Applications. Journal of cell signaling, 
1(2), 111. https://doi.org/10.4172/jcs.1000111 

[16] Hamming, I., Cooper, M. E., Haagmans, B. L., Hooper, N. M., Korstanje, 
R., Osterhaus, A. D., Timens, W., Turner, A. J., Navis, G., & van Goor, H. 
(2007). The emerging role of ACE2 in physiology and disease. The Journal 
of pathology, 212(1), 1–11. https://doi.org/10.1002/path.2162 

[17] Crackower, M. A., Sarao, R., Oudit, G. Y., Yagil, C., Kozieradzki, I., 
Scanga, S. E., Oliveira-dos-Santos, A. J., da Costa, J., Zhang, L., Pei, Y., 
Scholey, J., Ferrario, C. M., Manoukian, A. S., Chappell, M. C., Backx, P. 
H., Yagil, Y., & Penninger, J. M. (2002). Angiotensin-converting enzyme 2 
is an essential regulator of heart function. Nature, 417(6891), 822–828. 
https://doi.org/10.1038/nature00786 

[18] Lambert, D. W., Yarski, M., Warner, F. J., Thornhill, P., Parkin, E. T., 
Smith, A. I., Hooper, N. M., & Turner, A. J. (2005). Tumor necrosis factor-
alpha convertase (ADAM17) mediates regulated ectodomain shedding of 
the severe-acute respiratory syndrome-coronavirus (SARS-CoV) receptor, 
angiotensin-converting enzyme-2 (ACE2). The Journal of biological 
chemistry, 280(34), 30113–30119. https://doi.org/10.1074/jbc.M505111200 

[19] Kuba, K., Imai, Y., Ohto-Nakanishi, T., & Penninger, J. M. (2010). Trilogy 
of ACE2: a peptidase in the renin-angiotensin system, a SARS receptor, and 
a partner for amino acid transporters. Pharmacology & therapeutics, 128(1), 
119–128. https://doi.org/10.1016/j.pharmthera.2010.06.003 

[20] Soler, M. J., Wysocki, J., & Batlle, D. (2013). ACE2 alterations in kidney 
disease. Nephrology, dialysis, transplantation : official publication of the 
European Dialysis and Transplant Association - European Renal 
Association, 28(11), 2687–2697. https://doi.org/10.1093/ndt/gft320 

[21] Guan, W. J., Ni, Z. Y., Hu, Y., Liang, W. H., Ou, C. Q., He, J. X., Liu, L., 
Shan, H., Lei, C. L., Hui, D., Du, B., Li, L. J., Zeng, G., Yuen, K. Y., Chen, 
R. C., Tang, C. L., Wang, T., Chen, P. Y., Xiang, J., Li, S. Y., … China 
Medical Treatment Expert Group for Covid-19 (2020). Clinical 
Characteristics of Coronavirus Disease 2019 in China. The New England 
journal of medicine, 382(18), 1708–1720. 
https://doi.org/10.1056/NEJMoa2002032 

[22] Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J., Wang, B., Xiang, H., 
Cheng, Z., Xiong, Y., Zhao, Y., Li, Y., Wang, X., & Peng, Z. (2020). 
Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel 
Coronavirus-Infected Pneumonia in Wuhan, China. JAMA, 323(11), 1061–
1069. https://doi.org/10.1001/jama.2020.1585 

[23] Schiffrin, E. L., Flack, J. M., Ito, S., Muntner, P., & Webb, R. C. (2020). 
Hypertension and COVID-19. American journal of hypertension, 33(5), 
373–374. https://doi.org/10.1093/ajh/hpaa057 

[24] Zheng, Y. Y., Ma, Y. T., Zhang, J. Y., & Xie, X. (2020). COVID-19 and 
the cardiovascular system. Nature reviews. Cardiology, 17(5), 259–260. 
https://doi.org/10.1038/s41569-020-0360-5 

[25] Grasselli, G., Zangrillo, A., Zanella, A., Antonelli, M., Cabrini, L., Castelli, 
A., Cereda, D., Coluccello, A., Foti, G., Fumagalli, R., Iotti, G., Latronico, 
N., Lorini, L., Merler, S., Natalini, G., Piatti, A., Ranieri, M. V., 
Scandroglio, A. M., Storti, E., Cecconi, M., … COVID-19 Lombardy ICU 
Network (2020). Baseline Characteristics and Outcomes of 1591 Patients 
Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy Region, 
Italy. JAMA, 323(16), 1574–1581. https://doi.org/10.1001/jama.2020.5394 

[26] Zuin, M., Rigatelli, G., Zuliani, G., Rigatelli, A., Mazza, A., & Roncon, L. 
(2020). Arterial hypertension and risk of death in patients with COVID-19 
infection: Systematic review and meta-analysis. The Journal of infection, 
81(1), e84–e86. https://doi.org/10.1016/j.jinf.2020.03.059 

[27] Gurley, S. B., Allred, A., Le, T. H., Griffiths, R., Mao, L., Philip, N., 
Haystead, T. A., Donoghue, M., Breitbart, R. E., Acton, S. L., Rockman, H. 
A., & Coffman, T. M. (2006). Altered blood pressure responses and normal 
cardiac phenotype in ACE2-null mice. The Journal of clinical investigation, 
116(8), 2218–2225. https://doi.org/10.1172/JCI16980 

[28] Eguchi, S., Kawai, T., Scalia, R., & Rizzo, V. (2018). Understanding 
Angiotensin II Type 1 Receptor Signaling in Vascular Pathophysiology. 
Hypertension (Dallas, Tex. : 1979), 71(5), 804–810. 
https://doi.org/10.1161/HYPERTENSIONAHA.118.10266 

[29] Haga, S., Yamamoto, N., Nakai-Murakami, C., Osawa, Y., Tokunaga, K., 
Sata, T., Yamamoto, N., Sasazuki, T., & Ishizaka, Y. (2008). Modulation of 
TNF-alpha-converting enzyme by the spike protein of SARS-CoV and 
ACE2 induces TNF-alpha production and facilitates viral entry. 
Proceedings of the National Academy of Sciences of the United States of 
America, 105(22), 7809–7814. https://doi.org/10.1073/pnas.0711241105 

[30] Lambert, D. W., Hooper, N. M., & Turner, A. J. (2008). Angiotensin-
converting enzyme 2 and new insights into the renin-angiotensin system. 
Biochemical pharmacology, 75(4), 781–786. 
https://doi.org/10.1016/j.bcp.2007.08.012 

[31] Ragab, D., Salah Eldin, H., Taeimah, M., Khattab, R., & Salem, R. (2020). 
The COVID-19 Cytokine Storm; What We Know So Far. Frontiers in 
immunology, 11, 1446. https://doi.org/10.3389/fimmu.2020.01446 

[32] Yang M.(2020) Cell Pyroptosis, a Potential Pathogenic Mechanism of 
2019-nCoV Infection. SSRN Electronic  Journal. doi: 10.2139/ssrn.3527420 

[33] Ruan, Q., Yang, K., Wang, W., Jiang, L., & Song, J. (2020). Clinical 
predictors of mortality due to COVID-19 based on an analysis of data of 
150 patients from Wuhan, China. Intensive care medicine, 46(5), 846–848. 
https://doi.org/10.1007/s00134-020-05991-x 

[34] Chen, G., Wu, D., Guo, W., Cao, Y., Huang, D., Wang, H., Wang, T., 
Zhang, X., Chen, H., Yu, H., Zhang, X., Zhang, M., Wu, S., Song, J., Chen, 
T., Han, M., Li, S., Luo, X., Zhao, J., & Ning, Q. (2020). Clinical and 
immunological features of severe and moderate coronavirus disease 2019. 
The Journal of clinical investigation, 130(5), 2620–2629. 
https://doi.org/10.1172/JCI137244 

[35] Swärd, P., Edsfeldt, A., Reepalu, A., Jehpsson, L., Rosengren, B. E., & 
Karlsson, M. K. (2020). Age and sex differences in soluble ACE2 may give 
insights for COVID-19. Critical care (London, England), 24(1), 221. 
https://doi.org/10.1186/s13054-020-02942-2 

[36] Liu, Y., Yang, Y., Zhang, C., Huang, F., Wang, F., Yuan, J., Wang, Z., Li, 
J., Li, J., Feng, C., Zhang, Z., Wang, L., Peng, L., Chen, L., Qin, Y., Zhao, 
D., Tan, S., Yin, L., Xu, J., Zhou, C., … Liu, L. (2020). Clinical and 
biochemical indexes from 2019-nCoV infected patients linked to viral loads 
and lung injury. Science China. Life sciences, 63(3), 364–374. 
https://doi.org/10.1007/s11427-020-1643-8 

[37] Igase, M., Strawn, W. B., Gallagher, P. E., Geary, R. L., & Ferrario, C. M. 
(2005). Angiotensin II AT1 receptors regulate ACE2 and angiotensin-(1-7) 
expression in the aorta of spontaneously hypertensive rats. American 
journal of physiology. Heart and circulatory physiology, 289(3), H1013–
H1019. https://doi.org/10.1152/ajpheart.00068.2005 

[38] Igase, M., Kohara, K., Nagai, T., Miki, T., & Ferrario, C. M. (2008). 
Increased expression of angiotensin converting enzyme 2 in conjunction 
with reduction of neointima by angiotensin II type 1 receptor blockade. 
Hypertension research : official journal of the Japanese Society of 
Hypertension, 31(3), 553–559. https://doi.org/10.1291/hypres.31.553 

[39] Soler, M. J., Barrios, C., Oliva, R., & Batlle, D. (2008). Pharmacologic 
modulation of ACE2 expression. Current hypertension reports, 10(5), 410–
414. https://doi.org/10.1007/s11906-008-0076-0 

[40] Li, X. C., Zhang, J., & Zhuo, J. L. (2017). The vasoprotective axes of the 
renin-angiotensin system: Physiological relevance and therapeutic 
implications in cardiovascular, hypertensive and kidney diseases. 
Pharmacological research, 125(Pt A), 21–38. 
https://doi.org/10.1016/j.phrs.2017.06.005 

[41] Zhang, H., Penninger, J. M., Li, Y., Zhong, N., & Slutsky, A. S. (2020). 
Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: 
molecular mechanisms and potential therapeutic target. Intensive care 
medicine, 46(4), 586–590. https://doi.org/10.1007/s00134-020-05985-9 

[42] Sharma, D., & Kunamneni, A. (2021). Recent progress in the repurposing 
of drugs/molecules for the management of COVID-19. Expert review of 
anti-infective therapy, 19(7), 889–897. 
https://doi.org/10.1080/14787210.2021.1860020 

[43] Sriram, K., & Insel, P. A. (2020). A hypothesis for pathobiology and 
treatment of COVID-19: The centrality of ACE1/ACE2 imbalance. British 
journal of pharmacology, 177(21), 4825–4844. 
https://doi.org/10.1111/bph.15082 

[44] Fang, L., Karakiulakis, G., & Roth, M. (2020). Are patients with 
hypertension and diabetes mellitus at increased risk for COVID-19 
infection?. The Lancet. Respiratory medicine, 8(4), e21. 
https://doi.org/10.1016/S2213-2600(20)30116-8 

[45] Reynolds, H. R., Adhikari, S., Pulgarin, C., Troxel, A. B., Iturrate, E., 
Johnson, S. B., Hausvater, A., Newman, J. D., Berger, J. S., Bangalore, S., 
Katz, S. D., Fishman, G. I., Kunichoff, D., Chen, Y., Ogedegbe, G., & 
Hochman, J. S. (2020). Renin-Angiotensin-Aldosterone System Inhibitors 
and Risk of Covid-19. The New England journal of medicine, 382(25), 
2441–2448. https://doi.org/10.1056/NEJMoa2008975 

[46] Mancia, G., Rea, F., Ludergnani, M., Apolone, G., & Corrao, G. (2020). 
Renin-Angiotensin-Aldosterone System Blockers and the Risk of Covid-19. 

http://dx.doi.org/10.29322/IJSRP.12.03.2022.p12318
http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 12, Issue 3, March 2022              129 
ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

http://dx.doi.org/10.29322/IJSRP.12.03.2022.p12318   www.ijsrp.org 

The New England journal of medicine, 382(25), 2431–2440. 
https://doi.org/10.1056/NEJMoa2006923 

[47] Mehra, M. R., Desai, S. S., Kuy, S., Henry, T. D., & Patel, A. N. (2020). 
Cardiovascular Disease, Drug Therapy, and Mortality in Covid-19. The 
New England journal of medicine, 382(25), e102. 
https://doi.org/10.1056/NEJMoa2007621 (Retraction published N Engl J 
Med. 2020 Jun 4) 

[48] de Abajo, F. J., Rodríguez-Martín, S., Lerma, V., Mejía-Abril, G., Aguilar, 
M., García-Luque, A., Laredo, L., Laosa, O., Centeno-Soto, G. A., Ángeles 
Gálvez, M., Puerro, M., González-Rojano, E., Pedraza, L., de Pablo, I., 
Abad-Santos, F., Rodríguez-Mañas, L., Gil, M., Tobías, A., Rodríguez-
Miguel, A., Rodríguez-Puyol, D., … MED-ACE2-COVID19 study group 
(2020). Use of renin-angiotensin-aldosterone system inhibitors and risk of 
COVID-19 requiring admission to hospital: a case-population study. Lancet 
(London, England), 395(10238), 1705–1714. 
https://doi.org/10.1016/S0140-6736(20)31030-8 

[49] Son, M., Seo, J., & Yang, S. (2020). Association Between Renin-
Angiotensin-Aldosterone System Inhibitors and COVID-19 Infection in 
South Korea. Hypertension (Dallas, Tex. : 1979), 76(3), 742–749. 
https://doi.org/10.1161/HYPERTENSIONAHA.120.15464 

[50] Bavishi, C., Whelton, P. K., Mancia, G., Corrao, G., & Messerli, F. H. 
(2021). Renin-angiotensin-system inhibitors and all-cause mortality in 
patients with COVID-19: a systematic review and meta-analysis of 
observational studies. Journal of hypertension, 39(4), 784–794. 
https://doi.org/10.1097/HJH.0000000000002784 

[51] Guo, X., Zhu, Y., & Hong, Y. (2020). Decreased Mortality of COVID-19 
With Renin-Angiotensin-Aldosterone System Inhibitors Therapy in Patients 

With Hypertension: A Meta-Analysis. Hypertension (Dallas, Tex. : 1979), 
76(2), e13–e14. https://doi.org/10.1161/HYPERTENSIONAHA.120.15572 

[52] Zhang, X., Yu, J., Pan, L. Y., & Jiang, H. Y. (2020). ACEI/ARB use and 
risk of infection or severity or mortality of COVID-19: A systematic review 
and meta-analysis. Pharmacological research, 158, 104927. 
https://doi.org/10.1016/j.phrs.2020.104927 

[53] Semenzato, L., Botton, J., Drouin, J., Baricault, B., Vabre, C., Cuenot, F., 
Penso, L., Herlemont, P., Sbidian, E., Weill, A., Dray-Spira, R., & Zureik, 
M. (2021). Antihypertensive Drugs and COVID-19 Risk: A Cohort Study 
of 2 Million Hypertensive Patients. Hypertension (Dallas, Tex. : 1979), 
77(3), 833–842. https://doi.org/10.1161/HYPERTENSIONAHA.120.16314 

[54] Gallo, G., Calvez, V., & Savoia, C. (2022). Hypertension and COVID-19: 
Current Evidence and Perspectives. High blood pressure & cardiovascular 
prevention : the official journal of the Italian Society of Hypertension, 1–9. 
Advance online publication. https://doi.org/10.1007/s40292-022-00506-9 

 

AUTHORS 

First Author – Anubha Das, Ph.D., Zakir Husain Delhi College 

(M), University of Delhi, New Delhi -110002, 

yanubha@gmail.com 

 

Correspondence Author – Anubha Das, yanubha@gmail.com  

 

 

 

http://dx.doi.org/10.29322/IJSRP.12.03.2022.p12318
http://ijsrp.org/

