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Abstract: The novel coronavirus disease (COVID-19) caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has rapidly evolved into a global pandemic. The substantial
morbidity and mortality associated with the infection has prompted
us to understand potential risk factors that can predict patient
outcomes. Hypertension has been identified as the most prevalent
cardiovascular comorbidity in patients infected with COVID-19 that
demonstrably increases the risk of hospitalization and death. Initial
studies implied that renin–angiotensin–aldosterone system inhibitors
might increase the risk of viral infection and aggravate disease
severity, thereby causing panic given the high global prevalence of
hypertension. Nonetheless, subsequent evidence supported the
administration of antihypertensive drugs and noted that they do not
increase the severity of COVID-19 infection in patients with hyper-
tension, rather may have a beneficial effect. To date, the precise
mechanism by which hypertension predisposes to unfavorable out-
comes in patients infected with COVID-19 remains unknown. In this
mini review, we elaborate on the pathology of SARS-CoV-2 infec-
tion coexisting with hypertension and summarize potential mecha-
nisms, focusing on the dual roles of angiotensin-converting enzyme
2 and the disorders of renin–angiotensin–aldosterone system in
COVID-19 and hypertension. The effects of proinflammatory factors
released because of immune response and gastrointestinal dysfunc-
tion in COVID-19 are also discussed.
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INTRODUCTION
Coronavirus disease (COVID-19), first discovered in

Wuhan in December 2019, is an acute respiratory infec-
tious disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).1 The resulting pandemic
spread rapidly across China and the world2 and has
affected over 200 countries and territories globally. As of
March 22, 2021, the number of cases worldwide surpassed

120 million, including 2,711,071 deaths; the United States
alone has an estimated 29,497,998 cases and 537,781
deaths.3 SARS-CoV-2 is highly transmissible among
humans. Transmission routes include droplets, feces, and
contact with surfaces on which the virus resides.4 Although
a large proportion of patients with COVID-19 display mild-
to-moderate illness, about 15% of older adults or those with
chronic diseases may progress to severe pneumonia,
develop acute respiratory distress syndrome (ARDS), sep-
tic shock, and/or multiple organ failure.5,6 Epidemiological
studies have found that hypertension is the most frequent
comorbidity in patients with COVID-19, and it has been
identified as a major risk factor for the increased severity
and mortality associated with COVID-19.7

The prevalence of hypertension in Chinese patients
with COVID-19 was estimated to be between 15% and 25%.8

In the United States, meanwhile, 49.7% of COVID-19–
hospitalized patients had hypertension.9 It was reported that
a 2-fold to 3-fold higher prevalence of hypertension was a
risk for progression to critical illness or even death in the
population.10,11 Pranata et al demonstrated that hypertension
increased the likelihood of bad outcomes, such as the severity
of infection, ARDS, and mortality in patients infected with
COVID-19.12

Presently, no specific drugs have been approved for the
treatment of COVID-19. The current strategy for the man-
agement of COVID-19 involves symptomatic treatment
alone, although drugs approved for other diseases, including
antivirals, glucocorticoids, interferons, and traditional
Chinese medicine, have been tested without much benefit.13

For patients with severe illness, the treatment focuses on
controlling the infection, providing supportive care including
ventilatory support if necessary, and treating COVID-19
sequelae and complications.13 Furthermore, the management
of critically ill COVID-19 patients with hypertension is chal-
lenging. Previous animal studies suggested that renin–
angiotensin–aldosterone system (RAAS) inhibitors increased
angiotensin-converting enzyme 2 (ACE2) expression in the
cardiac tissue,14 leading to concerns that hypertension might
promote viral interaction with host cells and exacerbate
COVID-19. Whether RAAS inhibitors can indeed adversely
affect SARS-CoV-2 infection control or not has aroused great
attention among clinicians and researchers alike.15 However,
there is no doubt that hypertension increases the severity and
mortality of COVID-19 and that a higher prevalence of hyper-
tension is predictive of a worse prognosis in patients with
COVID-19.7,16,17 We speculate that hypertension could play
a potential causal role and that there is more than just a cause–
effect association between these 2 diseases.
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In this mini review, we highlight the pathogenesis of
SARS-CoV-2 infection, summarize the potential mechanisms
by which hypertension increases the severity of COVID-19,
and review the effects of antihypertensive drugs, on the out-
come of COVID-19 patients with pre-existing hypertension.

CLINICAL EVIDENCE OF THE EFFECT OF
HYPERTENSION ON THE DEVELOPMENT OF

SEVERE COVID-19
The first large-scale analysis of the data from 1590

laboratories found that hypertension was the most common
comorbidity (16.9%), followed by diabetes (8.2%).7 Cox
regression analysis adjusted for age and smoking status
showed that hypertension was a significant risk factor for
poor outcomes including admission to an intensive care unit,
requirement for invasive ventilation, or death.7 Wu et al re-
ported that the overall case-fatality rate was 2.3% (1023
deaths among 44,672 confirmed cases), and it was elevated
in comorbid conditions—6.0% in patients with hyperten-
sion.16 Guan et al analyzed 1099 patients infected with
COVID-19, including 173 patients with severe illness: The
overall incidence of hypertension was 15% (165/1099), which
rose to 23.7% (41/173) in patients with severe COVID-19
illness, and dropped to 13.4% (124/926) in those with non-
severe illness. Furthermore, severe COVID-19 patients with
hypertension were more likely to reach adverse end points
(35.8% vs. 13.7%).10 Wang et al conducted a single-center,
retrospective study of 138 consecutive hospitalized patients
with confirmed COVID-19 at the Zhongnan Hospital of
Wuhan University in Wuhan, China.11 The results showed
that the prevalence of hypertension was 31.2% among
COVID-19 patients. Moreover, 58.3% of hypertensive
patients were admitted to the intensive care unit, compared
with 21.6% of normotensive patients.11 Furthermore, Leiva
et al performed a multivariable logistic regression analysis
based on the data from the above studies. Although hyperten-
sion was not included, the history of coronary artery disease,
older age, elevated troponin I, a higher sequential organ fail-
ure assessment score, and D-dimer levels .1 mg/mL pre-
dicted COVID-19–related death.17 It is well known that
hypertension and coronary disease usually accompany each
other. Both COVID-19 case-fatality rate and the prevalence of
hypertension increase with age. Long-term hypertension
causes target organ damage, such as myocardial injury. On
the other hand, COVID-19 can also exacerbate cardiac
damage. This implies that the mechanisms by which hyper-
tension increases the risk and severity of COVID-19 are
complex and may be linked with comorbidities. However, an
observational cohort study examining the association between
blood pressure control and COVID-19 in 45,418 symptomatic
patients with hypertension showed that better blood pressure
control may be associated with worse COVID-19 outcomes,
possibly because these patients have more advanced athero-
sclerosis.18 This finding is entirely different from previous
views and may be an incidental finding. Thus, further studies
should be performed to confirm this inverse relationship
between blood pressure control and COVID-19–related
deaths.18

THE PATHOGENESIS OF SARS-COV-
2 INFECTION

There have been 2 coronavirus (CoV) pandemics before
the current SARS-CoV-2 pandemic. One was the severe acute
respiratory syndrome (SARS) pandemic in 2003 in
Guangdong province, China,19 and the other was the
Middle East respiratory syndrome (MERS) pandemic in
Middle Eastern countries about 10 years later.20 SARS and
MERS were caused by SARS-CoV and MERS-CoV, respec-
tively. COVID-19, which broke out in Wuhan, Hubei prov-
ince, China, was caused by SARS-CoV-2. These 3 CoVs are
closely related to bat coronaviruses in species evolution,
undergo interpersonal transmission, and cause pneumonia,
ARDS, liver and kidney failures, and septic shock, resulting
in significant mortality and morbidity.21 The genetic sequence
alignment of the 3 CoVs showed that there was 79% shared
identity between SARS-CoV and SARS-CoV-2 and 50%
between SARS-CoV-2 and MERS-CoV.22 In addition,
SARS-CoV-2 and SARS-CoV infect cells through the same
cellular receptor, the zinc metallopeptidase ACE2 receptor,
whereas MERS-CoV infects cells through the CD26 recep-
tor.23,24 Compared with SARS-CoV, SARS-CoV-2 demon-
strates a stronger binding to ACE2.

The entry of SARS-CoV-2 into cells is a complicated
process that includes receptor binding and virus-cell fusion
induced by proteolysis.21,25 CoV is composed of 4 structural
proteins: spike (S), nucleocapsid (N), membrane (M), and
envelope (E) proteins. SARS-CoV-2 binds its S protein to
the ACE2 receptor in the S1 domain and mediates membrane
fusion through the S2 subunit. After binding with ACE2,
SARS-CoV-2 uses TMPRSS2, a proximal serine protease,
to prime the spike protein and enter the cell through endocy-
tosis. Viral RNA replicates in the cytosol and is further
excreted by exocytosis to infect other cells.26 SARS-CoV-
2–infected cells activate the innate and adaptive immune
responses and release proinflammatory cytokines or chemo-
kines, potentially leading to hyperinflammation or “cytokine
storms.”27,28

POTENTIAL MECHANISMS OF THE EFFECT OF
HYPERTENSION ON THE INCREASED SEVERITY

OF COVID-19
It is well recognized that hypertension increases the

severity of SARS-CoV-2–infected individuals. Hypertension
is a high-risk factor for cardiovascular disease and affects
millions of patients globally.29 Recent findings demonstrate
that hypertension plays an important role in the regulation of
RAAS, inflammation, immune responses, and the gastrointes-
tinal tract, which partly explains the worse outcomes in
COVID-19 patients. Thus, the coexistence of hypertension
and SARS-CoV-2 infection can be a double blow to patients.

ACE2 and RAAS
ACE2 has been demonstrated to be a SARS-CoV-2

entry receptor. ACE2, the sole known human homolog of
ACE, was first discovered in 2000, mainly in the heart,
kidney, and testis. Subsequent studies showed that it exists in
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the lungs, blood vessels, small intestine, and brain.30 Current
evidence shows that the basal ACE2 mRNA level in the
respiratory system is lower than that in the other organs.31

How low ACE2 expression allows the infection and replica-
tion of SARS-CoV-2 requires further investigation. Notably,
on one hand, the infection is not limited to ACE2-positive
cells. Bioinformatics analysis based on human-virus protein
interactions showed that human dipeptidyl peptidase 4 and
the spike receptor–binding domain of SARS-CoV-2 exhibited
high affinity for each other, suggesting that SARS-CoV-2
may use dipeptidyl peptidase 4 as a coreceptor to enter host
cells.32 Another potential coreceptor, NRP1, has also been
discovered. In vitro studies demonstrated that knockdown
of NRP1 reduced the instance of SARS-CoV-2 infection
and incubation of patient-derived SARS-CoV-2 with mono-
clonal anti-NRP1 decreased the infection efficiency of cells
expressing ACE2.33 Other coreceptors that assist SARS-CoV-
2 infecting cells, such as CD147 and GRP78, have been
investigated.34 On the other hand, the endocytosis of
SARS-CoV-2 along with ACE2 occurs after SARS-CoV-2
binds to the membrane receptor of ACE2.35 Thus, the virus
replicates and is transmitted between cells.

ACE2 exerts multiple physiological and pathological
effects. ACE2 serves not only as a cellular receptor of SARS-
CoV-2 infection but also as a master regulator of RAAS.
Angiotensin II (Ang II), a vasoactive peptide with vasocon-
strictive and inflammatory properties, is regarded as a potent
hypertensive hormone. As shown in Figure 1, the ACE/Ang
Ⅱ/Ang II type 1 receptor (AT1R) axis plays a positive role in
regulating RAAS.36 ACE converts Ang I into Ang II, which
stimulates the release of aldosterone and increases blood pres-
sure. Ang II also activates AT1R and induces vasoconstric-
tion. By contrast, ACE2 counteracts the action of ACE. The
ACE2/Ang (1-7)/AT2R axis negatively regulates RAAS.37

ACE2 metabolizes Ang I and Ang II into Ang (1-9) and
Ang (1-7), respectively. Both Ang (1-7) and Ang (1-9) bind
and activate the Ang II type 2 receptor (AT2R), causing
vasodilation and decreasing blood pressure. In addition,
Ang (1-7) binds to the MAS receptor and plays protective
roles in a variety of human target organs, by reducing cardiac

hypertrophy and pathological cardiac remodeling, preventing
the occurrence of heart failure after myocardial infarction,38,39

reducing lung tissue damage and inflammation, and avoiding
severe acute lung failure.40

The ACE/Ang Ⅱ/AT1R and ACE2/Ang (1-7)/AT2R
axis are coexpressed in some tissues, including the lung, kid-
ney, and heart.41 The balance between them is important for
maintaining normal physiological functions. However, ACE/
Ang Ⅱ/AT1R activation or ACE2/Ang (1-7)/AT2R deactiva-
tion results in target organ damage. ACE inhibitors (ACEIs)
and angiotensin II receptor blockers (ARBs) are antihyperten-
sive drugs frequently used in clinical practice. ACEIs reduce
the generation of Ang II by inhibiting ACE, whereas ARBs
reduce blood pressure by blocking the binding of Ang II with
AT1R (Fig. 1). Interestingly, both upregulate ACE2 levels.42

Considering the dual roles of ACE2, the question of whether
ACEIs/ARBs affect the prognosis of hypertensive COVID-19
patients has become a hot debate. On the one hand, RAAS
inhibitors have been demonstrated to play protective func-
tions in heart failure, kidney impairment, and acute lung
injury.37 By contrast, augmented ACE2 levels may increase
the receptors for SARS-CoV-2 infection in the lungs and
heart.43 Three studies using correlation analyses implied that
ACEIs/ARBs did not increase the risk and mortality of
COVID-19.15,44,45 Subsequently, consistent information was
obtained from further observational studies.46,47 Thus, there is
insufficient evidence that RAAS inhibitors should be discon-
tinued for the treatment of hypertension with COVID-19.
Therefore, as suggested by the European Society of
Cardiology and other medical associations, it is advisable
not to change the treatment regimen of ACEIs/ARBs for
patients with hypertension during the COVID-19 pandemic,
unless supported by definitive clinical evidence (Lopes R.
BRACE CORONA: continuing vs suspending ACE inhibi-
tors and ARBs in COVID-19. Oral presentation. European
Society of Cardiology Congress 2020; Online; September 1,
2020).

Inflammation and Immune Activation
SARS-CoV-2 infection activates both innate and adap-

tive immune responses, triggers release of proinflammatory
factors, and results in hyperinflammation or “cytokine
storms.” Hadjadj et al found that the activity of type-I inter-
feron (IFN), which is crucial for protection against viral infec-
tion, was impaired because of a significant reduction in IFN-
stimulated genes in severe COVID-19 patients, and the
inflammatory responses were accordingly exacerbated.48

Compared with mild COVID-19 disease, severe illness causes
lymphopenia with a fall in immune cells such as CD4+

T cells, CD8+ T cells, natural killer cells, and B cells.49,50

Indeed, lymphocytopenia is negatively correlated with the
severity of SARS-CoV-2 infection.51 The reduced functional
diversity of immune cells induces proinflammatory cytokines.
Most patients with severe COVID-19 show sharply elevated
serum levels of cytokines, including interleukin-1 beta (IL-
1b), IL-6, IL-17, and tumor necrosis factor–alpha, a phe-
nomenon termed the “cytokine storm.”52 Thus, uncontrolled
innate response and impaired adaptive immune response
result in shock, tissue damage, or multiorgan failure.

FIGURE 1. Role of ACE and ACE2 in the RAAS system. ACEIs
and ARBs target RAAS to reduce blood pressure and exert
protection on organs.

Peng et al J Cardiovasc Pharmacol� � Volume 78, Number 5, November 2021

650 | www.jcvp.org Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



However, hypertension also activates the innate and adaptive
immune systems, leading to cytokine release and enhanced
inflammation.53,54 A growing body of evidence has shown
that immune cell infiltration plays an important role in both
blood pressure elevation and end-organ damage. Wenzel et al
observed that Ang II increased the number of macrophages
and induced them to infiltrate the vascular wall.55 Selective
ablation of lysozyme M-positive monocytes reduces circu-
lating monocytes and limits their infiltration. These results
suggest that infiltrating monocytes are crucial for Ang II–
induced arterial hypertension.56 Animal hypertension models
have demonstrated that inflammation and immune cells
accumulate in the kidney, arteries, and central nervous sys-
tem.57 Cytokines released by immune cells promote vascular
dysfunction and organ damage. In hypertensive patients, the
amounts of circulating monocytes, macrophages, CD8+

T cells, and CD4+ T cells are increased in the inflammatory
environment.58 High blood pressure promotes an acute car-
diac inflammatory response and induces immune cell infil-
tration and activation in the myocardium. Ma et al
demonstrated that CD8+ T cells initiated an immune response
to high blood pressure, secreted IFN-g, and activated mac-
rophage infiltration in the myocardium.59 Although patho-
logical reports of COVID-19 cases did not detect viral
infection or replication in cardiac tissues,6 cardiac inflam-
mation was observed. Thus, hypertension may drive cardiac
or other organ damage in patients with severe COVID-19 by
exacerbating inflammation or immune responses.

Trump et al assessed whether the proinflammatory
status of hypertensive patients could exacerbate COVID-19
severity. Data based on clinical characteristics (n = 144) and
single-cell RNA sequencing transcriptome analyses on naso-
pharyngeal swabs (n = 48) demonstrated that COVID-19
patients with hypertension exhibited obvious inflammation
in immune cells, which correlated with COVID-19 progres-
sion. Furthermore, the effect of antihypertensive drugs on
COVID-19 severity was evaluated. ACEI treatment damp-
ened hyperinflammation and increased intrinsic antiviral
responses of the cell, whereas ARB-treated patients exhibited
an exaggerated hyperinflammatory response and reduced anti-
viral response. The study suggested that ACEI may be more
favorable for hypertensive patients during COVID-19.60

Immune dysregulation plays an important role in both
SARS-CoV-2 infection and hypertension. Zeng et al analyzed
the dynamic immunological characteristics of 51 COVID-19
patients with hypertension.61 T-cell lymphopenia in COVID-
19 cases with hypertension was associated with COVID-19
severity and mortality. Furthermore, patients with fatal out-
comes exhibited high CD38+ and HLA-DR+, both key
markers of CD8+ T-cell activation, as well as PD-1+, an acti-
vation and exhaustion marker of CD8+ T cells, on CD8+

T cells during SARS-CoV-2 infection. The proportions of
SARS-CoV-2-specific IFNg+ CD8+ cells, IFNg+ CD4+

T cells, and immunoglobulins such as immunoglobulin G,
immunoglobulin M, and immunoglobulin A were signifi-
cantly lower in fatal cases. However, a high SARS-CoV-2
viral load was persistent for 4 weeks in fatal cases. These
findings suggest that T cells are critical for clinical outcomes
in hypertensive patients with COVID-19.61

In short, the activated innate immune response and
chronic inflammation in hypertensive patients weaken their
initial immunity to fight SARS-CoV-2 infection. Uncontrolled
viral replication induces an adaptive immune response, which
is compounded in patients with hypertension, thereby releasing
large amounts of cytokines that reach all the organs by
circulation. Thus, it is critically important to fight viral
infections and balance immune responses. Although the viral
load in patients with severe illness is low, overactivated
immune response damages organs; moderate immune suppres-
sion is therefore needed. As for hypertensive patients, improv-
ing immunity and controlling chronic inflammation may be
helpful in fighting the virus.

Gut Dysfunction
ACE2 is also expressed in the gastrointestinal tract, which

may be another site of SARS-CoV-2 infection.62 Based on the
clinical features of COVID-19 patients, gastrointestinal discom-
fort appears early and viral RNA can be detected in feces.63

ACE2 sustains intestinal nutritional homeostasis, and the defi-
ciency of ACE2 in murine models increases epithelial damage–
induced intestinal inflammation.64 These studies suggest that
ACE2 serves as a key regulator of gut microbial ecology and
that the intestine is a secondary site of infection. In addition,
comorbidities such as hypertension and diabetes exert adverse
effects on the gut microbiome,65 which may be worsened by
SARS-CoV-2 infection. An imbalance of gut microbiota was
detected in spontaneously hypertensive and Ang II–infused rats,
as well as in hypertensive patients.66 A reduction in short-chain
fatty acids such as butyrate and acetate that possess anti-
inflammatory properties and an increase in gut leakiness and
wall pathology were noted, which may aggravate SARS-CoV-2
infection. COVID-19 shares many common pathophysiological
features with hypertension, such as inflammation, gut dysfunc-
tion, and decreased availability of butyrate-producing bacteria.67

Butyrate is a histone deacetylase inhibitor that maintains the
acetylation of histones, thereby aiding chromatin organization
and gene expression. Li et al studied the role of butyrate in gut
epithelial organoids.68 The results of high-throughput RNA
sequencing showed that ACE2 and TMPRSS2, which facilitate
SARS-CoV-2 entry into host cells, were both significantly
downregulated. In addition, high-mobility group protein-1,
which is critical for SARS-CoV-2 replication after entry,
decreased with butyrate treatment. On the other hand, butyrate
upregulated the toll-like receptor signaling pathway to enhance
the innate immune system’s attack on viruses and elevate
interleukin-1-beta and interferon regulatory factor-7 levels.
These results imply that the increased severity of COVID-19 in
hypertension may be due to the cumulative depletion of favor-
able bacteria in the gut.68 There is also evidence that gastroin-
testinal SARS-CoV-2 might destroy the gut–blood barrier,
affecting the host’s response to inflammation and resulting in
multiorgan dysfunction and septic shock.10 Thus, for hyperten-
sive COVID-19 patients, the double blow of gastrointestinal
dysfunction and inflammation induced by SARS-CoV-2 infec-
tion and high blood pressure should be considered (as shown in
Fig. 2). Further investigations are required to explore the effects
of the interactions between COVID-19 infection and hyperten-
sion on the gastrointestinal tract.
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SARS-CoV-2 is undoubtedly a highly infectious virus
which has caused dramatically bad effects on society. The
management of this pandemic is challenging. To date, various
models of artificial intelligence69–71 are widely used to screen,
diagnose, and predict outcomes of COVID-19, providing
assistances for the effective control of COVID-19 and saving
lives. Thus, applying artificial intelligence to predict the risk
of COVID-19 and the severity or mortality in hypertensive
patients deserves further development.

EVALUATION OF ANTIHYPERTENSIVE DRUGS
ON THE OUTCOMES OF COVID-19 PATIENTS

WITH HYPERTENSION
Preliminary data have shown that RAAS inhibitors

upregulate ACE2 receptor expression in animal models, raising
concerns about whether these drugs increase the risk of SARS-
CoV-2 infection and result in poor clinical prognosis. Recent
evidence suggests a negative association between the admin-
istration of RAAS blockers and the risk of COVID-19. Jiang
et al examined whether hypertension or RAS suppression
could regulate ACE2 levels.72 The results showed that ACE2

expression was increased in both the lungs and kidneys of
older adults. Neither hypertension nor antihypertensive treat-
ment altered ACE2 expression in the human kidney. Kidney
ACE2 is most likely nephroprotective in patients without
SARS-CoV-2 infection.72 Li et al estimated whether RAAS
inhibitors amplified the severity or risk of mortality in hospi-
talized COVID-19 patients with hypertension.15 The data
showed that ACEIs/ARBs treatment increased neither the
severity nor mortality of COVID-19–infected patients. A
single-center retrospective study indicated that the rates of
occurrence of critical illness and death did not differ signifi-
cantly between ACEIs/ARBs and non-ACEIs/ARBs groups of
hypertensive patients with COVID-19. Rather, ACEIs/ARBs
significantly decreased the concentrations of inflammatory
markers such as high-sensitivity C-reactive protein and procal-
citonin.45 A nationwide study investigating the clinical out-
comes of COVID-19 after the use of ACEI/ARB in patients
with hypertension in South Korea confirmed this association
and supported the continuation of ACEI/ARB use.73 In addi-
tion, ACEIs/ARBs increased CD8+ T-cell counts and
decreased the peak viral load,74 supporting the continued use
of RAAS inhibitors in patients with COVID-19. A mixed-

FIGURE 2. Effects of the interactions
between SARS-CoV-2 infection and
hypertension on the gastrointestinal
tract. Gastrointestinal tract is another
site of SARS-CoV-2 infection. In
healthy individuals, ACE2 sustains
nutritional homeostasis. The gener-
ation of short-chain fatty acids
maintains innate immune and anti-
inflammatory properties. However,
hypertension induces gut micro-
biome dysfunction, leading to gut
leakiness and wall pathology that
aggravates SARS-CoV-2 infection.
SARS-CoV-2 infection, in turn, wor-
sens the gastrointestinal tract.

TABLE 1. Studies Investigating the Association Between ACEIs/ARBs and Severity or Mortality of Illness in Patients With
Hypertension for COVID-19 Infection

Study (References)
COVID-19 Patients With

Hypertension, Taking ACEI/ARBs Study Design

Taking ACEI/ARBs on the Severity
or Mortality in COVID-19 Patients

With Hypertension

Li et al15 362, 115 Retrospective, single-center Not associated with the severity or
mortality of COVID-19

Zhang et al44 1128, 188 Retrospective, multicenter Lower risk of all-cause mortality

Yang et al45 126, 43 Retrospective, single-center Lower critical patients and death rate

Reynolds et al46 2573, 1019 Observational analysis No association

Kim et al70 1290, 682 Nationwide study No association

Meng et al71 51, 17 Retrospective, single-center Lower rate of severity

Semenzato et al74 2338, 1779 Cohort study Lower risk of hospitalization and
intubation/death
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effect Cox proportional hazards model adjusted for age, sex,
comorbidities, and in-hospital medications in a multicenter ret-
rospective study showed that ACEIs/ARBs decreased the all-
cause mortality in patients compared with those who were not
on ACEIs/ARBs. Further analysis consistently showed that
ACEIs/ARBs decreased the mortality in COVID-19 patients
with hypertension.44

Recently, Reynolds et al assessed the outcomes of
COVID-19 in patients with hypertension previously treated
with ACE inhibitors, angiotensin-receptor inhibitors, beta-
blockers, calcium-channel blockers (CCBs), and thiazide
diuretics.46 The results demonstrated no significant correla-
tion between any medication class and the increased likeli-
hood of infection or progression. Interestingly, a slightly more
severe illness related to the previous use of calcium-channel
blockers was found, whereas a modestly lower infection risk
for COVID-19 was observed among patients on beta-block-
ers.46 A cohort study of 2 million hypertensive patients exam-
ined whether the COVID-19 risk differed among patients
treated with ACEIs, ARBs, or CCBs. The subjects included
in the study were limited to patients with uncomplicated
hypertension. The use of ACEIs and ARBs was associated
with a lower risk of COVID-19–related hospitalization than
the use of CCBs [hazard ratio, 0.74 (95% confidence interval,
0.65–0.83) and 0.84 (0.76–0.93), respectively] and a lower
risk of intubation/death. Moreover, risks were slightly lower
for ACEI users than for ARB users.75

Therefore, clinical studies (Table 1) support the hypoth-
esis that the administration of antihypertensive drugs does not
enhance the severity of COVID-19 in patients with hyperten-
sion. Rather, RAAS inhibitors may benefit these patients.

CONCLUSIONS
Hypertension is strongly associated with elevated

mortality in patients with COVID-19. Dysregulation of the

RAAS, immune response, gastrointestinal tract, and inflam-
mation may increase the severity of COVID-19 (Fig. 3).
However, current clinical studies suggest that the administra-
tion of antihypertensive drugs is not associated with the out-
comes of COVID-19 in patients with hypertension. By
contrast, ACEIs/ARBs even attenuate mortality in some
cases. Thus, specific mechanisms that enable an understand-
ing of how hypertension accelerates the pathogenesis of
COVID-19 and how ACEIs/ARBs affect the outcomes of
COVID-19 patients with hypertension deserve further inves-
tigation. Improving autoimmunity and controlling chronic
inflammation are critically important for patients with hyper-
tension to win the fight against the SARS-CoV-2 virus.

In summary, this review emphasized the following
points in the COVID-19 clinical setting. First, hypertension is
the most common comorbidity. Second, hypertension
increases the severity and mortality. Third, taking antihyper-
tensive drugs such as ACEI and ARBs is not associated with
the severity or mortality of patients with hypertension. By
contrast, it brings benefits to the outcomes of COVID-19
patients with pre-existing hypertension.
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