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e read with great interest the article by Esler and
; —x / Esler [1] ‘Can angiotensin receptor-blocking
drugs perhaps be harmful in the COVID-19 pan-
demic?. The authors emphasized a very important point.
They reported that angiotensin II receptor blockers (ARB)
use increased angiotensin-converting enzyme 2 (ACE2)
expression, but angiotensin-converting enzyme inhibitors
(ACEIs) use did not it [1]. We think ACEIs also increase
ACE2 expression. In addition, other antidiabetic agents and
statins may also be associated with novel coronavirus
disease 2019 (COVID-19). We would like to mention the
relationship between these agents with COVID-19.
COVID-19 infection is very common and mortal in
hypertension and diabetes mellitus patients. ACE2 is a zinc
carboxypeptidase, which plays an important role in the
renin—angiotensin system. ACE2 inactivates the vasocon-
strictive effect of angiotensin II and causes the formation of
angiotensin 1-7, a vasodilating peptide. However, COVID-
19 uses ACE2 as the host receptor. Fang et al. [2] reported
that ACEI increased ACE2 expression. ACEI does not
directly affect ACE2. However, it has been demonstrated
that ACE2 can use both angiotensin I and angiotensin II as
substrates [3]. Therefore, ACE2 expression may increase in
patients using both ACEI and ARB. Patients with hyperten-
sion, diabetes mellitus, and heart failure often use ACEI or
ARB. Using ACEI or ARB may increment the prevalence and
disease severity of COVID-19 infection by increasing the
ACE2 level. Salt loading has been reported to reduce the
ACE2 level [3]. Diuretic and mineralocorticoid antagonist
drugs increase the level of angiotensin II by decrease the
sodium level, thus, they increase the level of ACE2 [1]. The
use of sodium-glucose transport protein 2 inhibitors
(SGLT2i) is gradually increased in patients with diabetes
mellitus and heart failure. Like diuretic and mineralocorti-
coid antagonists, SGLT2i increases the formation of angio-
tensinogen by causing diuresis and natriuresis. The
combination of ACEI or ARB with SGLT2i significantly
increases the ACE2 level [4]. Therefore, the combination
of ACEI or ARB with SGLT2i may significantly increase the
risk of COVID-19 infection. Glucagon-like peptide-1 recep-
tor (GLP-1) agonists have also been reported to increase the
ACE2 level [5]. The GLP1 agonist directly enhances ACE2
expression by mRNA upregulation. The use of GLP-1 ago-
nists has increased in most obese diabetic patients. Like
these drugs, thiazolidinediones also increase the ACE2 level
[1]. Most diabetes patients for the treatment uses a few
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combinations of these drugs, such as GLP-1 agonist,
SGLT2i, ACEI, and ARB. In addition, the vast majority of
hypertensive and diabetic patients use statins. Rosuvastatin
increases the ACE2 level by mRNA upregulation [6]. Mono-
therapy or combined therapy of these drugs may cause
COVID-19 to be seen frequently and to be mortal in
hypertension and diabetes mellitus patients. For this rea-
son, it may be beneficial for the patients to immediately
discontinue the ACEI or ARB. The patients can take the beta
blockers and calcium channel blockers. Some people with
chronic diseases, such as diabetes mellitus and hyperten-
sion frequently use multivitamins. Most of the multivitamins
contain all-trans-retinoic acid (ATRA). ATRA significantly
increases ACE2 expression [7]. In particular, ATRA should
not be used in combination with ACEI or ARB. During the
COVID-19 outbreak, chronic patients may be discontinued
in its supportive treatment.
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