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Abstract

During the COVID-19 pandemic, a correspondence, published at the Lancet Respiratory Medicine, that linked angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers and ibuprofen to a higher risk of SARS CoV-2 infection and
complications, has influenced, when adopted by official health authorities, the practical management of COVID-19 with
regard to non-steroidal anti-inflammatory drugs that were avoided in all COVID-19 management protocols all over the world.
This manuscript discusses, from a pharmacological point of view, the points of weakness in the mentioned correspondence
and it also lists some important contradictory review articles as well as clinical results that refuted its claims. The author
chose to argue against each claim represented in the mentioned correspondence to confirm that ACEIs, ARBs and NSAIDs
including ibuprofen should not be considered hazardous to be administered for COVID-19 patients and to warn against any
future adoption of such unproved claims.
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Abbreviations subsequently led to a medical controversy regarding ACEIs
ACEIs Angiotensin-converting enzyme inhibitors and ARBs as well as to a recommendation against ibupro-
ARBs Angiotensin receptor blockers fen to be administered to COVID-19 patients as declared
SARS-CoV-2 Severe acute respiratory syndrome corona- by France’s Minister of Solidarity and Health. This rec-
virus 2 ommendation was also announced by the World Health

COVID-19 Coronavirus disease 2019 Organization before rapidly changing its stance to be neu-
tral, declaring that it doesn’t recommend against ibuprofen

for COVID-19 patients (The Local 2020, March 14; WHO

Introduction 2020, March 19). The main aim of this review is to examine

Several reports have indicated that hypertension, diabetes
and coronary heart disease are more frequently encountered
among COVID-19 patients and are more associated with
its complications(Chen et al. 2020; Deng and Peng 2020;
Zhang et al. 2020). Many researchers have tried to find a
possible relationship and some have hypothesized in a cor-
respondence that “patients treated with ACE2-increasing
drugs like ACEIs and ARBs, ibuprofen and thiazolidin-
ediones are at higher risk for severe COVID-19 infection
and, therefore, should be monitored for ACE2-modulat-
ing medications"(Fang et al. 2020). This hypothesis has
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the points of weakness of this hypothesis from a pharmaco-
logical point of view.

ARE ACEIls and ARBS hazardous in COVID-19?

It has been demonstrated that SARS-CoV-2 causing
COVID-19 engages the same receptor ACE2 of its prede-
cessor SARS-CoV as the entry receptor to invade its host
cells (Hoffmann et al. 2020; Zhou et al. 2020). Moreover, it
was suggested that SARS-CoV-2, compared to SARS-CoV,
has a more efficient binding affinity for the ACE2 recep-
tor, which also regulates both cross-species and human-
to-human transmissions, suggesting a possible mechanism
for the higher contagion ability of COVID-19 (Wan et al.
2020). In their correspondence (Fang et al. 2020), our col-
leagues claimed that the expression of ACEZ2 is substantially
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increased in patients with type 1 or type 2 diabetes, who are
treated with ACEIs or ARBs, thus implying a possible cause
for their higher risk for complications when infected with
SARS-CoV-2. Further, they also claimed that: "hyperten-
sion is also treated with ACE inhibitors and ARBs, which
results in an upregulation of ACE2" citing a reference (Li
et al. 2017) which the author suggests it has no strong rela-
tionship to their claims. On the contrary, it states that the
activity and action of ACE2 are not affected by ACEIs and it
also contradicts their previous suggestion stating clearly that
ACE?2 expression is downregulated in diabetes. Noteworthy,
upon their subsequent reply to some authors who requested
caution to be mandatorily practiced when recommending
discontinuation or providing alternative treatment of ACEIs
and ARBs (Brown); they cited other references (Fang et al.
2013) which are also strongly argued and refuted by other
researchers (Devaux et al. 2020; Vaduganathan et al. 2020;
Wang et al. 2020). Further, three US cardiology associa-
tions issued a joint statement to dispel the misinformation
circulating about the use of ACEIs and ARB medications
among patients with COVID-19, recommending their con-
tinuation to all patients(American College of Cardiology
2020, March 17). Similarly, the European Medicines Agency
adopted the same conclusion, urging the patients not to inter-
rupt their treatment with ACEIs or ARBs as well as not to
switch to other medicines stating clearly that there is cur-
rently no evidence from clinical or epidemiological studies
that establishes a link between ACE inhibitors or ARBs and
the worsening of COVID-19 (European Medicines Agency
2020, March 27). Interestingly, in a study of 205 British
inpatients with COVID-19 whom were adjusted for age, gen-
der and comorbidities including diabetes mellitus, hyperten-
sion, ischemic heart disease and heart failure; ACEIs did not
show any evidence for increasing the short-term severity of
COVID-19 disease. On the contrary, they resulted in a lower
rate of death or transfer to a critical care unit within seven
days, suggesting a potential beneficial effects (Bean et al.
2020). Similarly, a study of thousands of COVID-19 patients
showed no significant association with prior use of ACEl/
ARB with COVID-19 diagnosis or with mortality among
patients (Fosbgl et al. 2020).

Are NSAIDs, including ibuprofen, hazardous
in COVID-19?

Moreover, our colleagues have stated that ibuprofen and the
group of antidiabetic drugs known as thiazolidinediones
[which are mostly obsolete, except in developing countries
(Kelleni 2018)] have similar effects on their proposed ACE2
expression, however, there were no references cited. To the
best of the author’s pharmacological research, there’s a
single published experiment that gathered those drugs and
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showed a protective effect of ibuprofen similar to piogl-
itazone, a member of the thiazolidinediones, against car-
diac fibrosis in a rat model partially through their ability to
increase ACE2 but in a protective manner (Qiao et al. 2015).
Fang et al. might have understood these protective results
found in rats for ibuprofen and thiazolidinediones to be
unfortunately interpreted as a hazardous risk for COVID-19
potential patients. It is worthwhile that one of the researchers
who published this hypothesis has officially announced in
a statement published by his university, that their hypoth-
esized suggestions regarding ibuprofen and the other drugs
were intended for researchers not for patients and should not
be considered recommendations against the usage of these
drugs (University of Basel 2020, March 16). Unfortunately,
this was not mentioned, at least in a clear manner, in their
original correspondence; instead they suggested an alter-
native for ACEIs and ARBs. Interestingly, the author has
published a contradictory theory suggesting ibuprofen to be
not only harmful but also beneficial for COVID-19 (Kelleni
2020a, b, ¢, May 6). Furthermore, other researchers have
also criticized the theoretical basis that led to avoidance
of ibuprofen in COVID-19 and in vitro studies suggested
ibuprofen may even facilitate cleavage of ACE2 from the
membrane, preventing membrane-dependent viral entry into
the cell (Moore et al. 2020; Smart et al. 2020). Recently,
ibuprofen use in COVID-19 patients was shown not to be
associated with worsening clinical outcomes, compared
with paracetamol or no antipyretic (Rinott et al. 2020). Most
recently, the author has provided the first clinical proof that
ibuprofen, among other NSAIDs, has practically improved
the immunological response as well as the time of recovery
of COVID-19 patients (Kelleni 2020c, June 22).

Was the original hypothesis right or not?

ACE2 is highly expressed in the lungs and heart performing
a protective physiological role and this has been shown when
SARS CoV induced severe ACE2 downregulation which led
to an imbalance between angiotensin 1-7 and angiotensin
IT levels as well as the induction of the release of many
inflammatory cytokines that contributed to acute myocar-
dial dysfunction and lung failure (Kuba et al. 2005; Oudit
et al. 2009). Noteworthy, it has also been suggested that the
same effect on ACE2 expression may occur with SARS-
CoV-2 (Hoffmann et al. 2020), and SARS CoV-2 induced
ACE2 downregulation has been similarly suggested to be
associated with seriously hazardous macrophage activating
syndrome (Banu et al. 2020). Similarly, ACE2 is normally
highly expressed in the kidneys with an overexpression that
was shown early in diabetic patients producing a renal pro-
tective function, whereas ACE2 subsequent downregula-
tion or induced loss of expression has exacerbated diabetic
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kidney injury both clinically and experimentally (Wakahara
et al. 2007; Wong et al. 2007; Koitka et al. 2008).

Conclusion

Finally, the author requests health care official authorities
to carefully assess their drug recommendations that might
affect medical care, and to avoid recommending against any
drug without proof from a well-designed clinical trial.
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