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Abstract

Since the discovery of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), numerous research has been undertaken to delineate the
various effects of the virus which manifests in many ways all over the body. The association between the SARS-CoV-2 invasion mechanism and the
renin-angiotensin-aldosterone system (RAAS) receptors, created many debates about the possible consequences of using RAAS-modulating drugs
including angiotensin-converting enzyme inhibitors (ACEi) and angiotensin II receptor blockers (ARBs) during the pandemic. Many clinical studies
were conducted to assess the outcomes of coronavirus disease 2019 (COVID-19) in patients who use ACEi/ARBs following the arguments claiming
to discontinue these drugs as a precautionary measure. Although several studies mainly analyzed the outcomes of the disease, this review aimed to
compare specific blood markers in both groups of COVID-19 patients to gain better insight into the interaction of ACEi/ARBs with different body
functions during the infection. Several databases were searched using a combination of keywords followed by screening and data extraction. Only 28
studies met our inclusion criteria, the majority of which showed no significant difference between the inflammation markers of COVID-19 patients
who used or did not use ACEi/ARBs. Interestingly, 6 studies reported lower inflammatory markers in COVID-19 patients who used ACEi/ARBs, and
6 studies reported better outcomes among the same group.We therefore concluded that the use of ACEi/ARBs may not lead to worse prognosis of
COVID-19 and may even play a protective role against the hyperinflammatory response associated with COVID-19.
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The first cases of a novel coronavirus causing a
pneumonia-like infection surfaced in December 2019 in
Wuhan, China.1 Now almost a year later, the world is
still suffering from the effects of this virus. The virus,
later named severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2), is the implicated pathogen in
coronavirus disease 2019 (COVID-19). To our present
knowledge, there are 3 known coronaviruses capable
of replicating in the lower respiratory tract causing
pulmonary disease that can manifest in many ways and
may be fatal in many cases.1 They are called Middle
East respiratory syndrome coronavirus (MERS-CoV),
severe acute respiratory syndrome coronavirus (SARS-
CoV), and SARS-CoV-2, which is responsible for the
current pandemic

Early research showed a mechanism similar to that
of SARS-CoV but with more aggressive inflammatory
responses damaging the airways as well as other organ
systems. The sister viruses share about 79% of the same
genome sequence.2 The virus SARS-CoV-2, said to

have zoonotic origins, has since dispersed quickly across
the world and by March 24, 2020, had infected more
than 381,000 people and taken the lives of 16,000. By
January 23, 2021, COVID-19 cases had gone up tomore
than 98 million worldwide, with more than 2.1 million
deaths.3 The scale of this pandemic calls for relevant
research urgently, as professionals continue to develop
efficient vaccines and communities attempt to maintain
the proper protocols.
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As alluded to before, SARS-CoV-2 seems to behave
in a manner very similar to its close sister, SARS-CoV.
Coronaviruses in general require entry into host cells
to cause disease. They achieve this through binding
to certain cell-surface receptors that then mediate en-
docytosis of the virus and successful entry into the
cell.4 The extensively studied SARS-CoV was found
to have a receptor-binding domain (RBD) that rec-
ognizes and binds to angiotensin-converting enzyme
2 (ACE2), which is an essential component of the
renin-angiotensin-aldosterone system (RAAS) and is
present in abundance in lung epithelia.5 Interestingly
enough, crystal analysis of the RBD of SARS-CoV-
2 and its comparison with that of SARS-CoV found
unique differences that allow SARS-CoV-2 to bindwith
significantly higher affinity.6

The RAAS system comprises multiple peptides,
enzymes, and receptors that control plasma sodium
concentration, extracellular volume, and arterial blood
pressure (BP).7 The liver releases angiotensinogen,
which is hydrolyzed to angiotensin I via renin (released
by the kidneys), and this happens during low arterial
BP, low sodium chloride, or sympathetic nervous sys-
tem activity. ACE, which is present in lungs, epithelium,
and kidney, converts angiotensin I (ATI) to angiotensin
II (ATII). This molecule then constricts the smooth
muscle in arteries and veins and causes adrenal gland
cortex to release aldosterone, which balances sodium-
potassium concentration in the kidney.8 ATII can also
stimulate the release of prostaglandins and promote
lipogenesis, which influence renal vasoconstriction and
increase adipose tissue mass, respectively. It has also
been linked to glucose intolerance, insulin resistance,
and adipose inflammation. ATII is broken down to
angiotensin (1-7) by ACE2, which is important for
renal homeostasis.9 Deficiency in ACE2 can lead to
glomerular injury and albuminuria. Controlling RAAS
to work with more ACE2 expression can help to
balance endocrine functions. ACE2 is also present in
multiple different organs in the body, such as the heart,
testes, kidney, gut, lungs, liver, and upper respiratory
airways.10

Generally, ACE2 has been found to provide pro-
tection in cases of acute lung injury and is said to
have a critical role in myocardial infarction, pulmonary
and systemic hypertension, heart failure, and diabetic
cardiovascular complications.10 This protective effect
is most likely from ACE2 playing an integral role
in the degradation of ATI and ATII, which have
long been identified as causing deleterious effects on
many organ systems through mechanisms such as
vasoconstriction.11 Dysregulation of RAAS can lead to
multiple diseases such as hypertension, congestive heart
failure, obesity, hepatic complications, kidney diseases,
diabetes, ocular and neural diseases, and miscarriage.7

More interestingly, however, is the mechanism by which
ACE2 interacts with the immune system. Several stud-
ies have found that through the inactivation of ATII,
ACE2 limits macrophage expression as well as proin-
flammatory cytokines, which in effect modulate the
immune response.12

The association between the SARS-CoV-2 invasion
mechanism and the RAAS receptors created a dilemma
regarding the possible consequences of using RAAS-
modulating drugs including the ACE inhibitors (ACEi)
and angiotensin II receptor blockers (ARBs) during the
pandemic.13 Both ACEi and ARBs are widely used to
treat hypertension and cardiovascular diseases (CVD).
Several studies have shown evidence of increased
ACE2 expression following the administration of a
RAAS blockers.14–17 This led to great concern among
health care professionals regarding the possible role
of RAAS inhibitors in increasing the risk and/or the
severity of COVID-19. Consequently, it was debated
whether to continue or discontinue the medications
during the pandemic.17 However, withdrawing these
drugs may lead to adverse health risks because of the
uncontrolled blood pressure and/or untreated cardiac
dysfunction.18,19 Therefore, since the start of the pan-
demic, many researchers have investigated the effect of
RAAS inhibitors on the primary outcomes of COVID-
19 by comparing the disease severity and mortality of
COVID-19 patients who use or do not use ACEi/ARBs.
Several systematic reviews with meta-analysis analyzed
the results obtained from various clinical studies and
reported no association between RAAS inhibitors and
the increased risk or severity of COVID-19.20,21 These
studies mainly analyzed data based on the outcomes of
the disease including mortality, length of hospitaliza-
tion, admission to the intensive care unit (ICU), and the
use of mechanical ventilation in COVID-19 patients
who used or did not use ACEi/ARBs. Furthermore, it
was reported that using RAAS inhibitors may improve
the clinical outcomes of COVID-19.20,21

To the best of our knowledge, this is the first
systematic review that compares the level of blood
markers in COVID-19 patients who used or did not use
ACEi/ARBs rather than relying solely on the clinical
outcomes. These blood markers include inflammation
markers such as interleukin-6 (IL-6), C-reactive protein
(CRP), procalcitonin (PCT), ferritin, D-dimer, cardiac
markers such as brain natriuretic peptide (BNP), N-
terminal-pro hormone BNP (NT-proBNP), creatine
kinase MB (CK-MB), troponin, liver markers such
as alanine aminotransferase (ALT), aspartate amino-
transferase (AST), bilirubin, renal markers such as
creatinine, and tissue damage markers like lactate dehy-
drogenase (LDH). This is to gain better insight into the
interaction of the RAAS inhibitors with the different
body functions during the infection.
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Methods
The protocol has not been registered; however, the
preferred reporting items for systematic reviews and
metanalysis (PRISMA) statement was used to develop
the protocol of this systematic review.22

Eligibility Criteria
We conducted a comprehensive literature search of
cohort studies that compared laboratory results for
COVID-19 patients on ACEi/ARBs medications with
those not on these medications. No restrictions were
made about country, age, or sex. Any duplicated articles
were removed, and articles that did not have any
primary data such as review articles, were excluded
from the study. During the full-text screening, only
studies that included inflammation marker blood tests
for COVID-19 patients who take RAAS inhibitors
were selected. Studies that reported the inflammation
marker blood tests for a mixed population of COVID-
19 patients that take or do not take RAAS inhibitors
without splitting them into 2 distinctive groups were
excluded, as the results were not conclusive for the
purpose of this study. Furthermore, studies that re-
ported the number or proportion of patients who had
inflammation markers below or above certain values
without formal statistical tests to assess the significance
of the difference between the 2 groups were excluded.

Information Sources and Search Strategy
PubMed, Embase, Scopus, Google Scholar, Web
of Science, Science Direct, Cochrane Library, and
medRxiv databases were searched using combinations
of the following keywords: severe acute respiratory syn-
drome coronavirus, severe acute respiratory syndrome-
coronavirus-2, 2019-ncov, 2019ncov, covid-19, covid19,
covid2019 ncov2019, ncov-2019, hcov19, sars-cov-2,
coronavirus, coronaviruses, coronavirus, coronaviruses,
covid, hcov, coronavirus (MeSH terms), “Renin-
Angiotensin System” (Mesh), Renin, RAS, ACE2,
angiotensin-converting enzyme. The search strategy
was appropriately adapted for each database. The
following search strategy was used for searching
PubMed: (“severe acute respiratory syndrome
coronavirus 2” [Supplementary Concept] OR severe-
acute-respiratory-syndrome-coronavirus-2[Title/Abstr
act] OR 2019-ncov[Title/Abstract] OR 2019ncov
[Title/Abstract] OR covid-19[Title/Abstract] OR
covid19[Title/Abstract] OR covid2019[Title/Abstract]
OR ncov2019[Title/Abstract] OR ncov-2019[Title/
Abstract] OR hcov19[Title/Abstract] OR sars-cov-
2[Title/Abstract] OR coronavirus[Title/Abstract]
OR coronaviruses[Title/Abstract] OR corona-virus
[Title/Abstract] OR corona-viruses[Title/Abstract]
OR covid[Title/Abstract] OR hcov[Title/Abstract]
or “coronavirus” [MeSH Terms]) AND (“Renin-

Figure 1. PRISMA flow diagram illustrating the study selection protocol.

Angiotensin System”[Mesh] or Renin OR RAS or
ACE2 or angiotensin-converting enzyme).

Study Selection and Data Collection
The systematic review was conducted using
Covidence.23 During the initial phase of screening,
English, peer-reviewed, and published articles (except
for articles frommedRxiv) from January 1 toDecember
17, 2020, were included, and all phases of screening
and data extraction were conducted by 2 independent
reviewers.

Data Items
Of the selected studies we collected the epidemiolog-
ical, clinical, and laboratory data including age, sex,
comorbidities, treatments and interventions, laboratory
results, and outcomes for each group. Continuous vari-
ables were expressed as mean ± standard deviation or
range of results. Categorical variables were expressed as
percentages.

Risk of Bias and Quality Assessment
The quality of the included studies was assessed us-
ing the Newcastle-Ottawa Quality Assessment Scale
(NOS). Quality assessment was conducted by 2 inde-
pendent reviewers.

Results
Results of search and screening are summarized in
Figure 1. The PRISMA flow diagram shows the details
of our protocol. After removing the duplicates, 339 of
5931 studies were selected for full-text screening. Only
28 studies were eligible to be included in this review. The
excluded studies included 105 studies irrelevant to the



990 The Journal of Clinical Pharmacology / Vol 61 No 8 2021

data we were looking for, 115 had ineligible outcomes
or settings, 22 did not have enough data (no results
for inflammation markers or no statistical analysis), 39
had no primary data, 15 were not in English, 4 were
not accessible, 7 duplicates, 2 ongoing studies, and 2
retracted studies. All included studies had anNOS score
of 5 or above.

This systematic review included a total of 28 studies
all of which were retrospective cohort studies. All 28
studies separated the COVID-19 patients into 2 groups:
patients taking RAAS inhibitors and those taking
other medications or not taking any. Supplementary
Table S1 includes a summary of the demographic
features of COVID-19 patients for each study.24–51 As
reported in Supplementary Table S1, 8 studies had
similar inclusion criteria for medication use, which was
ACEi/ARBs use before admission that was continued
after admission. Some studies had more specific cri-
teria. For example, the chronic use of ACEi/ARBs
was used as the inclusion criterion of the ACEi/ARBs
group in the study conducted by Bae et al.38 Adrish
et al36 included patients who used ACEi/ARBs during
hospitalization. Lam et al27 included patients who
used ACEi/ARBs before admission. They conducted
a separate analysis to assess the outcome of patients
who continued or discontinued taking the medications
during hospitalization. However, the blood marker
results were not available for this type of analysis.
Similarly, Chaudhri et al48 compared patients who used
ACEi/ARBs before hospitalization, regardless whether
they continued or discontinued the medications during
hospitalization with those who did not use ACEi/ARBs
before hospitalization (part I). Then they compared the
bloodmarkers and outcomes of patients who continued
ACEi/ARBs after admission with those who discon-
tinued (part II). Some studies did not specify whether
ACEi/ARBs were used before or after hospitalization
or both.

The total number of COVID-19 patients in all the
studies was 7574, of whom 2723 were identified in
each study as the ACEi/ARBs group. The ages of the
patients were expressed as ranges or as mean values.
The reported age ranges/means ranged from 32 to 86
and from 48 to 86.9 years in the ACEi/ARBs and
control groups, respectively. Moreover, Supplementary
Table S1 summarizes the reported underlying comor-
bidities and the P values reported by each study to
determine any significant differences between the 2
groups of COVID-19 patients who did or did not
use ACEi/ARBs. Only 2 studies reported significantly
higher proportions of the control patients with under-
lying chronic kidney disease (P = .001)27 or dementia
(P = .003).41 However, both these studies as well as
15 other studies reported that the ACEi/ARBs groups
had significantly higher proportions of patients with

different comorbidities. The underlying comorbidities
are summarized at the end of the results section in
relation to any significantly different blood marker
levels/outcomes between the 2 groups. No significantly
different underlying comorbidities were reported in 11
studies.32–35,37,42–47,51

Supplementary Table S2 summarizes the different
treatments and interventions used for the 2 patient
populations in the different studies. It also summarizes
the blood test results for the various physiological
markers being looked at in this review. This included
inflammationmarkers such as IL-6, CRP, PCT, ferritin,
D-dimer, cardiac markers such as BNP/NT-proBNP,
troponin, CK-MB, liver markers such as ALT, AST,
bilirubin, renal markers such as creatinine, and tissue
damagemarkers such as LDH. Supplementary Table S3
shows the normal values for the different bloodmarkers
for reference.52–54 The outcomes of each family of
blood markers in COVID-19 patients who did or did
not use ACEi/ARBs in the included studies are detailed
below.

Inflammation Markers (IL-6, CRP, PCT, and Ferritin)
Of the 28 studies that reported the levels of bloodmark-
ers, 22 studies showed no significant differences in the
levels of CRP, PCT, or ferritin between the ACEi/ARBs
group and the control groups. Only 6 studies reported
significantly different levels of inflammatory markers
between the 2 groups, all of which showed lower levels
of inflammatory markers in the ACEi/ARBs group.
Şenkal et al32 reported lower CRP (P = .009) and
ferritin (P = .025) in the ACEi group compared with
the control group. Similarly, Yang et al35 showed that
CRP (P = .049) and PCT (P = .008) were lower
in the ACEi/ARBs group compared with the control
group. Chen et al39 reported lower CRP (P = .0071)
and IL-6 (P = .0258) in the ACEi/ARBs group com-
pared with the control group. Similarly, Meng et al43

reported lower CRP (P < .001) in the ACEi/ARBs
group compared with the control group. Yang et al47

reported lower CRP and PCT (P = .049 and P = .008,
respectively) in the ACEi/ARBs groups compared with
the control group. In part II of the study conducted
by Chaudhri et al,48 CRP was lower (P = .03) in the
ACEi/ARBs group, compared with the control group.
CRP was higher (P = .02) in the ACEi/ARBs group
compared with the control group in part I. However,
an inflammatory score was created for each patient in
both parts of the study by dividing the peak value
of each inflammation marker by the admission value
to produce what is called a fold-change (FC) score.
Quartiles were calculated and scored for the peak and
FC values of each inflammation marker, and the sum
of these scores was calculated across the different
inflammation markers. No significant differences were
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observed in the FC scores between the ACEi/ARBs and
the control groups in either part of the study.48

Coagulation Marker (D-Dimer)
Only 3 of 18 studies reported that the D-dimer val-
ues significantly differed between the 2 groups. The
D-dimer was found to be higher (P = .002) in the
ACEi/ARBs group compared with the control by
Selçuk et al.31 Lam et al27 and Chen et al39 reported
lower D-dimer (P = .003 and P = .0003, respec-
tively) in the ACEi/ARBs group than in the control
group.

Cardiac Markers (Troponin, CK-MB, BNP/NT-ProBNP)
Fifteen of 28 included studies reported the results of
at least 1 cardiac blood marker in the ACEi/ARBs
and control groups. Thirteen of such studies showed
no significant difference between the 2 groups. Huang
et al26 reported that both troponin and NT-proBNP
were lower (P = .03 and P = .04, respectively) in the
ACEi/ARBs group compared with the control group.
Similarly, lower troponin (P= .005) and BNP (P= .01)
were detected by Lam et al27 in the ACEi/ARBs group
compared with the control group.

Liver Markers (Bilirubin, ALT, AST)
Nineteen studies reported the laboratory results of
at least 1 blood liver marker in the ACEi/ARBs and
control groups. None of these studies reported any
significant difference in the levels of bilirubin, ALT, or
AST between the ACEi/ARBs and the control groups.

Kidney Marker (Creatinine)
Creatinine levels were reported in 22 studies, of which
18 studies did not report any significant difference
between the ACEi/ARBs and control groups. López-
Otero et al,29 Lim et al,49 and Soleimani et al50 found
that the ACEi/ARBs group had higher creatinine (P
= .019, P = .01, and P = .037, respectively) than the
control group. Conversely, Wang et al found that the
control group had higher creatinine (P= .047) than the
ACEi/ARBs group.

Cell Damage Marker (LDH)
In 16 of the 19 studies that reported the LDH blood
test results, no significant difference was observed in the
LDH levels between the ACEi/ARBs and the control
groups. Rossi et al44 found that the LDH was higher
in the ACEi/ARBs group (P = .009). Meng et al30 and
Chaudhri et al48 (part II) reported lower LDH in the
ACEi/ARBs group (P< .001 andP= .04, respectively).

Disease Outcomes (Severity and Mortality)
The outcome of COVID-19 was assessed in most of the
studies based on the mortality or the disease severity
expressed as percentages of patients in each category.

Of the 26 studies that reported the outcome, 18 studies
reported no significant difference in the outcome of
the disease between the ACEi/ARBs and the control
groups. Selçuk et al31 and Lim et al49 reported that
the ACEi/ARBs group showed higher mortality (P =
.001 and P < .05, respectively) than the control group.
Conversely, it was observed by Tan et al,33, Chen et al,39

Genet et al,41 Meng et al,43 Chaudhri et al48 (part II),
and Feng et al51 that the ACEi/ARBs group showed
lower mortality (P< .01, P= .0149, P= .03, P< .001,
P = .04, and P = .037, respectively) compared with the
control group.

Data were also collected to compare the treatments
that each group of COVID-19 patients received. López-
Otero et al29 found that higher proportions of the
ACEi/ARBs group received antiplatelets and anticoag-
ulants (P < .001). Similarly, Bae et al,38 Genet et al,41

and Selçuk et al31 reported that higher proportions of
the ACEi/ARBs group received anticoagulants (P =
.014), antiplatelets (P = .03), and aspirin (P = .03),
respectively. Bae et al38 and Wang et al46 had higher
proportions of the ACEi/ARBs groups admitted to the
ICU (P = .02 and P = .041, respectively). Moreover,
Selçuk et al31 found that higher proportions of the
ACEi/ARBs group required endotracheal intubation
and admission to the ICU compared with the control
group (P= .001 andP< .001, respectively). Conversely,
Chaudhri et al48 reported that a lower proportion of
the ACEi/ARBs group was admitted to the ICU (P =
.02). Şenkal et al32 observed that a higher percentage
of the ACEi/ARBs group received antibiotic (P <

.001) and antiviral (P = .026) treatment. Furthermore,
Yang et al35,47 observed a contradicting result, with a
lower proportion of the ACEi/ARBs group receiving
antibiotic treatment. Similarly, Tan et al33 reported
lower proportions of the ACEi/ARBs group receiv-
ing corticosteroids or requiring noninvasive ventilation
compared with the non-ACEi/ARBs group (P = .003
and P = .048, respectively).

In many studies, multivariate regression analysis was
conducted to adjust for confounding only to assess
certain clinical outcomes. These outcomes included
mortality, length of hospitalization, admission to the
ICU, or need for mechanical ventilation. These data
were reported in the additional information part of
Supplementary Table S2 if available. However, most of
the studies did not match the blood marker data to
eliminate confounding. Therefore, comorbidities were
taken into account to discuss the effect of using
RAAS inhibitors on the levels of the different blood
markers using the unmatched data. For all studies,
the unmatched data are reported in Supplementary
Table S2 for consistency, whereas the matched data are
summarized whenever available in the conclusion and
additional information part of the table. Furthermore,
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the conclusions made by the authors of each study have
been summarized in Supplementary Table S2.

Summary of the Blood Marker/Outcome Results and the
Underlying Comorbidities
The bloodmarker and outcome results are summarized
in Figure 2. In general, the use of RAAS inhibitors
did not increase the levels of inflammatory, cardiac,
or liver markers in any of the studies. CRP was
higher in the ACEi/ARBs group in part I of the
study conducted by Chaudhri et al48; however, it
is not shown in Figure 2, as their calculated total
inflammatory scores showed no significant difference
between the 2 groups. In addition, significantly higher
proportions of the ACEi/ARBs group in this part of
the study had hypertension (HTN), coronary artery
disease (CAD), chronic kidney disease (CKD), and
chronic obstructive pulmonary disease (COPD).48

Lower inflammation markers in the ACEi/ARBs
group were reported by 6 studies.32,35,39,42,43,48

Furthermore, the ACEi/ARBs group had a higher
proportions of patients with comorbid coronary
heart disease (CHD)39 in 1 study. Higher levels of
coagulation,31 kidney,29,49,50 and cell damage44 markers
were reported in the ACEi/ARBs group as compared
with the control group in 5 studies, all of which
reported that the ACEi/ARBs group had higher
proportions of patients with comorbidities (CAD,31

CVD/dyslipidemia/diabetes/obstructive sleep apnea-
hypopnea syndrome/HTN/ obesity/stroke/CKD,29

HTN,49 CVD,50 COPD44). Lower levels of
coagulation,27,39 cardiac,26,27 kidney,46 and cell
damage43,48 markers were reported in the ACEi/ARBs
group in 6 studies, 2 of which reported higher
proportions of ACEi/ARBs patients with comorbid
CHD39 and diabetes.27 Only 2 of the 6 studies reported
that the control group had higher proportions of
patients with CKD27 and older age.26 The ACEi/ARBs
group had a significantly higher mortality rate in 2
studies.31,49 However, both studies reported that the
ACEi/ARBs group had higher proportions of patients
withHTN49 andCAD.31 Lowermortality was observed
in the ACEi/ARBs group in 6 studies,33,39,41,43,48,51

which also had significantly higher proportions of
ACEi/ARBs patients with underlying CAD/HTN41

and CHD39 in 2 studies.

Discussion
This systematic review included 28 articles that reported
the demographic and clinical data of 7628 COVID-
19 patients who either did or did not use RAAS
inhibitors. There is accumulating evidence suggesting
that the mortality and severe outcomes of COVID-19
are associated with elevated inflammatory mediators.

This hyperinflammation results from dysregulated host
innate immune response, leading to what is called the
cytokine storm.55–57 For this reason, it was essential
to compare the level of some blood inflammation
markers in the ACEi/ARBs and the control groups as
an important indicator of prognosis.

Inflammation and Coagulation Markers
Previous studies have shown inflammatory markers
such as CRP, IL-6, and ferritin to be significantly
elevated in COVID-19 patients.58 Elevated CRP levels
were strongly linked to poor prognosis of COVID-19
and were reported to be a tool to predict the outcome
of the diseases.59 One study found that ferritin levels are
related to the severity of COVID-19, which is directly
related to the hyperinflammation response as a result
of the infection.60 PCT, which is commonly used to
differentiate bacterial from viral infections, was also
found to be associated with severe cases of COVID-
19 and could be used as a useful tool for predicting
the prognosis.61 In this review, only Chaudhri et al48

(part I) reported significantly higher levels of CRP in
the ACEi/ARBs group than the control group. This
could be attributed to the observed significantly higher
proportions of patients in the ACEi/ARBs group who
had comorbid diabetes, HTN, heart failure (HF), CKD,
and COPD. This was confirmed by multivariate anal-
ysis, which revealed that using ACEi/ARBs during
hospitalization was associated with a reduction in the
inflammatory burden. Furthermore, when multiple in-
flammation markers were considered, comparable peak
inflammation, and FC scores were obtained for both
groups.48 Interestingly, Şenkal et al,32 Yang et al,35,47

Chen et al,39 Meng et al,43 and Chaudhri et al48 (part
II) found that patients who used RAAS inhibitors
had significantly lower CRP, ferritin, and/or PCT. No
significant difference in the comorbidities was reported
between the 2 groups except for Chen et al,39 who
observed more patients with CHD in the ACEi/ARBs
group. These 3 markers are known as acute-phase
reactants, and their levels increase during periods of
inflammation under the influence of IL-6 and other
inflammatory cytokines. This could be linked to the
immunomodulatory role of RAAS inhibitors by upreg-
ulating the expression of ACE2.

The role of the RAAS in the immune system
has long been studied and established. ACEi were
reported to reduce the Th1/Th2 cytokines ratio and
consequently modulate inflammation.62 ATII has been
found to mediate inflammatory responses through
upregulation of many proinflammatory receptors such
as E-selectin and P-selectin.63 Furthermore, ATII
has been implicated in the increase in production of
reactive oxygen species (ROS) through the activation of
NADPH oxidase.63 ATII has also been found to trigger
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the expression of toll like receptors by many cells as
well as induce dendritic cell maturation.63 All these
proinflammatory effects of ATII lead to the hypothesis
that the upregulation of ACE2 can modulate the
immune response through its main action of degrading
ATII.64 This may play a significant role during
infection with SARS-CoV-2, which is known to cause a
hyperactive immune response that can get out of check
and proceed to harm many organs in the body, causing
the many systemic effects observed in the COVID-19
era. It was found that mice deficient in the ACE2 gene
had significantly more severe acute respiratory distress
syndrome (ARDS); when infected with SARS-CoV-2
compared with the wild type. Loss of ACE2 expression
with SARS-CoV-2 infection caused higher vascular
permeability and lung edema. Interestingly, treatment
with catalytically active recombinant ACE2 protein led
to symptoms improving.65,66 Several studies from the
SARS-CoV era as well as some during this pandemic
have shown that these viruses can cause downregulation
of the ACE2 receptor.67 This downregulation of ACE2
disturbs the balance in the RAAS, favoring increased
ATII and therefore a heightened inflammatory
response.12 It would be interesting to be able to
quantify the exact levels of the different RAAS
components during a COVID-19 infection to further
test this hypothesis. This distortion in the balance of
the RAAS toward the proinflammatory side could very
well be what causes such severe disease in patients.
Thus, it would seem that anything that can upregulate
ACE2 and block ATII might have the potential to tip
the balance back to normal and modulate the immune
response. Interestingly enough, RAAS inhibitors have
been shown to cause upregulation of ACE2 in many
studies.14 This could provide an explanation for why
Şenkal et al,32 Chen et al,39 Meng et al,43 Chaudhri
et al,48 and Yang et al35,47 observed significantly
decreased inflammatory markers in patients who used
RAAS inhibitors. This contradicts the preliminary
assumption that RAAS inhibitors would predispose
patients to a higher likelihood of infection or worse
outcomes because of the upregulation of ACE2, which
facilitates the invasion of SARS-CoV-2.

The D-dimer is produced during the cleavage of
fibrin by plasmin to break down clots. D-dimer has
been identified as a biomarker for disease severity
and mortality in COVID-19 patients. It is still unclear
whether this association is attributed to the direct
effect of SARS-CoV-2 or to the consequences of sys-
temic inflammatory response.68 Interestingly, Human
and mouse platelets were found to express ACE2.
Zhang et al69 reported that SARS-CoV-2 binds platelet
ACE2 and enhances thrombosis in COVID-19 patients.
SARS-CoV-2 was found to promote ACE2 internal-
ization and degradation, which was also observed as

a gradual reduction in the expression of ACE2 in
platelets in COVID-19. Furthermore, SARS-CoV-2
directly activates the ACE2/mitogen-activated protein
kinase pathway to potentiate platelet activation and
aggregation. This was found to be reversed by using re-
combinant human ACE2 and an antispike monoclonal
antibody that suppress SARS-CoV-2-induced platelet
activation.69 Only 3 studies reported significantly differ-
ent D-dimer levels in the ACEi/ARBs and the control
groups. Selçuk et al31 found that values for D-dimer
were significantly higher in patients who took RAAS
inhibitors. This could be attributed to the significantly
higher number of patients with comorbid conditions in
the RAAS inhibitor group compared with the control
group, which may predispose that group to worse out-
comes. Lam et al27 reported significantly lowerD-dimer
in the ACEi/ARBs group compared with the control
group. However, The ACEi/ARBs group had a higher
proportion of comorbid diabetes, whereas the control
group had a significantly higher proportion of patients
with CKD. Chen et al39 reported significantly lower D-
dimer in the ACEi/ARBs group, who also had a sig-
nificantly higher proportion of patients with comorbid
CHD compared with the control group. Furthermore,
RAAS inhibitors did not cause any significant increase
in D-dimer in the patients in the ACEi/ARBs group
compared with the control group in 15 studies. Further
investigations are required to understand how RAAS
inhibitors may affect the level of D-dimer and whether
this effect is attributed to the upregulation of ACE2 in
platelets and/or to modulating inflammation.

Cardiac Markers
It was reported that COVID-19 may cause cardiac
injury even to those who do not have any underlying
CVD. An early study coming out of Wuhan, China,
found that some of the causes of death in COVID-
19 patients included fatal arrhythmias, acute coro-
nary syndrome, and cardiac arrest.70 Both troponins
and BNP have been found to be elevated in patients
with COVID-19.71 It has since been extensively ar-
gued whether the reported cardiac injury is because
of COVID-19 or becaue of the underlying comor-
bidities that affected many of the COVID-19 patients
in the reported studies.72 A study looking at biopsy
specimens from COVID-19 patients with myocarditis
suggests that the degree of cardiac inflammation and
macrophage infiltration was too high to be accounted
for simply by viral invasion and theorizes that the
pathological process taking place in the heart is a
mixture of the ramped-up immune response associated
with COVID-19 and underlying heart diseases.73 In
our review, 2 studies (Huang et al26 and Lam et al27)
revealed that the ACEi/ARBs group had a significantly
lower level of cardiac markers (troponin, BNP, or



Naveed et al 995

NT-pro-BNP). In the study conducted by Huang et al,
the ACEi/ARBs and the control groups had different
proportions of patients with different comorbidities,
but the differences did not reach the level of statistical
significance. However, they reported that a significantly
higher proportion of patients in the control group were
older than 65 years. Therefore, Huang et al26 concluded
that the level of cardiac markers was not significantly
different in the 2 groups after excluding the age fac-
tor. Lam et al27 reported comparable proportions of
patients in both groups with CHD/HF. However, the
ACEi/ARBs group had a higher proportion of patients
with comorbid diabetes, which does not justify the sig-
nificantly lower levels of cardiac markers. Conversely,
it was reported that elevated serum concentrations of
cardiac biomarkers were detected in patients with type
2 diabetes because of the higher risk of developing
CVD.74–76 Furthermore, after correction for multiple
comparisons, Lam et al27 found that troponin level re-
mained significantly different between the ACEi/ARBs
and the control groups.

It is also important to note that patients taking
RAAS inhibitors are more likely to have underlying
heart disease that would predispose this population to
worse cardiac outcomes with a COVID-19 infection.
However, none of the included studies reported that
the ACEi/ARBs group had significantly higher levels
of cardiac markers than the control group. This can be
attributed to the immunomodulatory effect of RAAS
inhibitors during infection.47 As it is now established
that inflammation plays an important role in the pro-
gression and outcome of COVID-19, it may also lead
to different types of cardiac dysfunctions including
myocardial infarction and heart failure.77 Troponins
are enzymes released from cardiac myocytes when
they are injured. It could then be hypothesized that
because RAAS inhibitors have been shown tomodulate
the immune response, their use can decrease systemic
inflammation, which would protect cardiac myocytes
from inflammatory injury. BNP is a peptide released
from cardiac myocytes when they experience excessive
stretch such as during states of volume overload and
is generally used as a surrogate for cardiac function.
The more the heart loses its contractile function, the
more stretched it becomes and thus releases more BNP,
which functions as part of the body’s main mechanism
to counteract RAAS by promoting natriuresis and pre-
venting excessive volume overload. RAAS inhibitors
have long been established to have a cardioprotective
effect in patients with CVD.78 This mechanism may
explain the lower levels of cardiac markers in the
ACEi/ARBs group reported by Lam et al.27 Further-
more, it suggests that RAAS inhibitors may play a
cardioprotective role against the COVID-19-associated
cardiac injury that has been widely reported.79

Other Blood Markers
In addition to cardiac injury, it was reported that
COVID-19 may lead to multiple organ failure, which
could be mainly attributed to the severe inflammatory
response associated with the virus that attacks many or-
gans in the body and leads to dysfunction.80 In addition
to the inflammatory and cardiac markers, our review
attempted to look at other markers of organ function
such as the kidney and liver function in COVID-19 pa-
tients.Wang et al46 reported significantly lower levels of
creatinine in the ACEi/ARBs group compared with the
control group, and no difference between the 2 groups
in comorbidities was reported. López-Otero et al,29

Lim et al,49 and Soleimani et al50 found that creatinine
was significantly elevated in patients who took RAAS
inhibitors compared to those in the control group.
However, the comorbidity data in the RAAS inhibitor
group had a significantly higher number of patients
with kidney disease, CVD, diabetes, obesity, and/or
stroke. In general, RAAS inhibitors were found to be
associated with increased serum creatinine.81 RAAS
inhibitors impair the effect of ATII by either preventing
its formation (ACEi) or blocking its receptor (ARBs).
Angiotensin II is known to constrict the afferent and
efferent arterioles, with a preference for increasing the
resistance of the efferent arteriole. Therefore, RAAS
inhibitors decrease the resistance at the postglomerular
arteriole, which lowers the intraglomerular pressure
and reduces the glomerular filtration rate. This can be
caused by volume depletion because of overaggressive
diuresis in CKD andHF patients.82 However, as RAAS
inhibitors are antihypertensive drugs, they can slow the
rate of progression of nephropathy in both diabetic
and nondiabetic CKD patients. RAAS inhibitors may
reduce the intraglomerular pressure and hyperfiltration
and reduce proteinuria, which impairs the progression
of CKD.83

Several studies revealed that RAAS inhibitors offer
beneficial therapeutic strategies to treat and prevent
chronic liver disease and portal hypertension. ATII was
found to induce various profibrotic pathways by bind-
ing to its receptors expressed in different types of organs
such as heart, kidney, and liver. Activation of these
receptors may enhance the transformation of the qui-
escent hepatic stellate cells (HSCs) into myofibroblast-
like activated HSCs and the production of profibrotic
cytokines. RAAS inhibitors were reported to reduce
the proliferation of HSCs to reduce the profibrotic
molecules that may improve liver fibrosis.84 None of
the included studies reported that using RAAS in-
hibitors significantly increased any of the liver markers
in the ACEi/ARBs group compared with the control
group.

ATII can induce apoptosis and the release of in-
flammatory mediators leading to cell damage. Zhang
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et al85 demonstrated that ATII-induced damage of
human umbilical vein endothelial cells. This damaging
effect because of apoptosis was counteracted by the
addition of human recombinant ACE2. Furthermore,
the production of the cell damage marker LDH was
significantly lower in the presence of ACE2. Therefore,
RAAS inhibitors may play a similar protective role by
upregulating the ACE2 levels and blocking the apop-
totic and damaging effect of ATII. This may explain
the results obtained by Meng et al43 and Chaudhri
et al48 (part II), who reported significantly lower LDH
in the ACEi/ARBs group than in the control group.
Both groups had statistically comparable proportions
of patients with comorbidities. Conversely, Rossi et al44

found significantly higher LDH in the ACEi/ARBs
group. This can be attributed to the underlying COPD,
which was reported in a significantly higher proportion
of the ACEi/ARBs group. The LDH level was reported
to be elevated in patients with COPD because of the
oxidative metabolic response of the muscles to com-
pensate for the ventilation abnormalities.86 No other
significant differences were observed in LDH levels
between the ACEi/ARBs and control groups in the
included studies.

Disease Outcomes (Severity and Mortality)
Although ACEi and ARBs affect RAAS through dif-
ferent mechanisms, it was reported that their impact
on the outcomes of COVID-19 does not significantly
differ. A large observational study conducted by the
Cleveland Clinic87 that compared patients on ACEi
with those on ARBs found no significant difference in
the rates of hospitalization, ICU admission, or need
for a ventilator. This aligns with what was mentioned
before about ATII being the main effector driving
an out-of-control immune response. Both ACEi and
ARBs reduce the effects of ATII by either inhibiting
the conversion of ATI to ATII or by blocking the
ATII receptors, respectively.88 Multivariable analysis
conducted by Selçuk et al31 revealed that the use of
RAAS inhibitors was an independent predictor of in-
hospital mortality, as a significantly higher proportion
of the ACEi/ARBs group died in the hospital. They
also reported a higher rate of ICU admission within
the same group. No significant difference was observed
in the blood inflammatory and physiology markers
except for the D-dimer, which was significantly higher
in the ACEi/ARBs group. Accordingly, Selçuk et al31

concluded that ACEi/ARBs therapy might not play
any beneficial role for hypertensive COVID-19 patients.
However, it is worth noting that the ACEi/ARBs group
had a significantly higher ratio of comorbid CAD. Sim-
ilarly, Lim et al49 reported significantly highermortality
in the ACEi/ARBs group, which had a significantly
higher proportion of patients with underlying HTN.

Their multivariate logistic regression analysis for se-
vere complications, which adjusted some confounders
(not including HTN), revealed that ACEi/ARBs had
a significant association with ARDS and acute kidney
injury. However, they concluded that ACEi/ARBs were
associated with increased risk of inhospital mortality
and severe complications such as ARDS. Significantly
higher proportions of the ACEi/ARBs groups were
admitted to the ICU in the studies conducted by Bae
et al38 and Wang et al.46 However, their propensity
score matching to eliminate confounders revealed no
significant different between the 2 groups of patients.
Conversely, Chaudhri et al48 (part II) reported that
a significantly lower proportion of the ACEi/ARBs
group required admission to the ICU.

Of the 28 included studies, 26 reported no other
evidence indicating a worse outcome of COVID-19
patients who used any of the 2 types of medication.
Furthermore, in addition to their reported significantly
lower cardiac markers associated with the chronic
use of ACEi/ARBs compared with the control group,
Lam et al27 compared the outcomes of patients who
continued taking the drugs in the hospital with those
who discontinued. Interestingly, patients who contin-
ued ACEi/ARBs after admission had a significantly
lower rate of ICU admission and mortality. Moreover,
Tan et al,33 Chen et al,39 Genet et al,41 Meng et al,43

and Chaudhri et al48 reported a significantly lower
death rate in the ACEi/ARBs group compared with the
control group. This could be attributed to the previously
described protective role that RAAS inhibitors play
in many body organs. Of the 26 included studies, all
but those of Selçuk et al31 and Lim et al49 stated in
their conclusions that RAAS inhibitors improved the
outcomes (10 studies) or were not associated with worse
outcomes of COVID-19 (16 studies). This is further
supported by the findings of the BRACE CORONA
trial, which is the first randomized trial comparing
the effect of continuing versus stopping ACEi/ARBs
in COVID-19 patients. The trial enrolled more than
659 patients from 34 sites in Brazil, and the eligible
patients were randomized to temporarily suspend or
continue to use ACEi. Median days alive and out of
the hospital at 30 days were the primary outcomes,
whereas the secondary outcomes included progression
of COVID-19 disease, all-cause mortality, death from
cardiovascular causes or cardiovascular complications
such as troponin, BNP, N-proBNP, and D-dimer lev-
els, myocardial infraction, stroke and thromboembolic
events.89–91 The principal findings of the BRACE
CORONA trial were presented at the European Society
of Cardiology Virtual Congress, September 1, 2020.
The findings revealed no significant difference in days
alive out of the hospital and all-cause death at 30
days between the ACEi/ARBs group and patients who
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stopped using ACEi/ARBs. Furthermore, no signif-
icant difference was observed between the 2 groups
in common adverse events such as respiratory failure
requiring IMV, shock requiring vasopressors, acute
myocardial infarction or worsening heart failure and
acute kidney failure requiring hemodialysis. Therefore,
suspending ACEi/ARBs was not beneficial, and it did
not improve days alive and out of the hospital.89–91

In summary, the use of RAAS inhibitors did not
increase inflammatory, cardiac, or liver markers in any
of the studies. CRPwas higher in theACEi/ARBsgroup
in part I of the study conducted by Chaudhri et al48;
however, their calculated total inflammatory scores
showed no significant difference between the 2 groups.
In addition, significantly higher proportions of the
ACEi/ARBs group in this part of the study had
HTN, CAD, CKD, and COPD.48 Lower inflammation
markers in the ACEi/ARBs group were reported in 6
studies.32,39,35,42,43,48 Five of these studies did not report
any significantly different comorbidities between the
2 groups. Furthermore, the ACEi/ARBs group had a
higher proportion of patients with comorbid CHD39

in 1 study. These results suggest that RAAS inhibitors
may play an immunomodulatory effect, concurring
with the findings of other studies.47 Higher levels of
coagulation,31 kidney,29,49,59 and cell damage44 markers
were reported in the ACEi/ARBs group compared with
the control group in 5 studies. However, in all these
studies, the ACEi/ARBs group had higher proportions
of patients with several comorbidities.31,29,44,49,50 Lower
levels of coagulation,27,39 cardiac,26,27 kidney,46 and cell
damage43,48 markers were reported in the ACEi/ARBs
group in 6 different studies, 2 of which reported higher
proportions of ACEi/ARBs patients with comorbid
CHD39 and diabetes.27 Only 2 of the 6 studies reported
that the control group had higher proportions of
patients with CKD27 and older age.26 The ACEi/ARBs
group had a significantly higher mortality rate in 2
studies,31,49 which could be attributed to the higher
proportions of patients with HTN49 and CAD.31

Interestingly, lower mortality was observed in the
ACEi/ARBs group in 6 studies,33,39,41,43,48,51 which also
had significantly higher proportions of ACEi/ARBs
patients with underlying CAD/HTN41 and CHD39 in 2
studies, possibly indicating an improved outcome.With
the exception of inflammation markers, not all the
included studies reported results on blood markers. Of
the studies that reported inflammatory, coagulation,
cardiac, kidney, liver, and cell damage markers, 79%,
83%, 87%, 82%, 100%, and 84% did not show any
significant difference between the ACEi/ARBs and
the control groups. Moreover, 69% of the studies
that reported disease outcome (severity/mortality)
observed no significant difference between the
2 groups.

It was challenging to link the timing of using the
medications with the reported results. Although some
articles stated clearly that ACEi/ARBs were used before
hospitalization but nothing was mentioned about the
inhospital use. It is possible that among those who were
classified as ACEi/ARBs groups based on their chronic
use of the medications, some may have continued and
some discontinued using the medications during hos-
pitalization. Similarly, some studies stated clearly that
ACEi/ARBs were used during hospitalization without
specifying the history of usage. It is also possible
that some patients were using the medications before
admission. This may create an overlap between all
3 groups of studies that classified their ACEi/ARBs
groups based on using the medications before, during,
or before and during hospitalization. Furthermore,
24% of the studies did not clearly explain the timing
of ACEi/ARBs usage.

Limitations
There are some limitations in this review. Some studies
clearly defined the ACEi/ARBs group. However, it was
not clear in many others whether the ACEi/ARBs
groups used the RAAS inhibitors before hospitaliza-
tion, during hospitalization, or both. Another limita-
tion was the large difference in the number of patients
in the ACEi/ARBs and the control groups, with the for-
mer usually having a smaller number of COVID-19 pa-
tients. Furthermore, some studies compared the clinical
outcomes in hypertensive patients taking ACEi/ARBs
with those taking other types of drugs. However, in
many studies, patients in the control group did not
always have HTN. Multivariate regression analysis was
conducted in some studies to adjust for cofounding only
to assess certain clinical outcomes. These outcomes
included mortality, length of hospitalization, admis-
sion to the ICU, and need for mechanical ventilation.
However, most of the studies did not match the blood
marker results to eliminate confounding.

Conclusion
There is accumulating evidence that RAAS inhibitors
do not have any harmful effect on COVID-19 patients.
This is also evident from the data collected in this
review, which indicate no significantly higher inflam-
mation markers found to be linked to a worse disease
prognosis. Moreover, using RAAS inhibitors was not
found to be linked to any significantly higher physi-
ological blood markers or bad prognosis of COVID-
19 or even mortality in most of the studies. This is
in agreement with several other studies including the
BRACE CORONA trial,89–94 which reported that the
suspension of ACEi/ARBs was not associated with
better outcomes and/or using the medications was not
associated with worse outcomes.
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In summary, the use of RAAS inhibitors may not
lead to higher disease markers or worse prognosis
or mortality. Furthermore, several results suggested
an added benefit and a protective effect of RAAS
inhibitors. Therefore, it is our recommendation to not
discontinue RAAS inhibitors out of unfounded fear of
increased susceptibility to infection. This is the same
recommendation adopted by the major professional
societies such as the American College of Cardiology.
Suspension of these drugs can lead to significant harm
to patients with comorbid conditions in which an
ACEi/ARBs is a primary indication and, in some dis-
eases, can improve mortality. We also see importance in
further testing of RAAS inhibitors in patients without
comorbid conditions who are not already using these
medications to utilize their possible added protective ef-
fect through immunemodulation during COVID-19 in-
fection, which warrants further trials and investigation.
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