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Abstract
Numerous studies demonstrate parallels between CVD, type 2 diabetes mellitus (T2DM) and COVID-19 pathology, which 
accentuate pre-existing complications in patients infected with COVID-19 and potentially exacerbate the infection course. 
Antidiabetic drugs such as sodium-glucose transporter-2 (SGLT-2) inhibitors have garnered substantial attention recently 
due to their efficacy in reducing the severity of cardiorenal disease. The effect of SGLT-2 inhibitors in patients with COVID-
19 remains unclear particularly since SGLT-2 inhibitors contribute to altering the RAAS cascade activity, which includes 
ACE-2, the major cell entry receptor for SARS-CoV2. A study, DARE-19, was carried out to unveil the effects of SGLT-2 
inhibitor treatment on comorbid disease complications and concomitant COVID-19 outcomes and demonstrated no statistical 
significance. However, the need for further studies is essential to provide conclusive clinical findings.
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Abbreviations
ACE-1	� Angiotensin converting enzyme 1
ACE-2	� Angiotensin converting enzyme 2
AMPK	� Adenosine monophosphate-activated protein 

kinase
Ang II	� Angiotensin II
Ang (1–7)	� Angiotensin (1–7)

COVID-19	� Severe acute respiratory syndrome coronavi-
rus 2

CVD	� Cardiovascular diseases
MAPK	� Mitogen-activated protein kinases
RAAS	� Renin angiotensin aldosterone system
SIRT1	� Sirtuin 1
SGLT-2	� Sodium-glucose co-transporter 2
T2DM	� Type 2 diabetes mellitus

The presence of comorbidities such as cardiovascular dis-
eases (CVD), diabetes mellitus and/or renal impairment have 
been associated with poor prognosis in patients infected 
with COVID-19 [1, 2]. Numerous studies demonstrate  
parallels between CVD, type 2 diabetes mellitus (T2DM) 
and COVID-19 pathology, which accentuate pre-existing 
complications in patients infected with COVID-19 and 
potentially  exacerbate the infection course [2, 3]. A recent 
study elucidated that the cross-talk between the renin–angio-
tensin–aldosterone system (RAAS) and mitogen activated 
kinase  pathways contributes to the exacerbation of COVID-
19 infection in patients with both CVD and diabetes [3]. 
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From multiple ongoing studies evaluating the adjuvant role 
of several anti-diabetics, sodium-glucose co-transporter-2 
(SGLT-2) inhibitors have garnered substantial attention 
owing to their efficacy in reducing the severity of cardio-
renal diseases [4, 5]. Nonetheless, the pertinent  question 
holds as to whether SGLT-2 inhibitors provide protective 
effects in patients with COVID-19 or whether they aggra-
vate the underlying pathophysiologic conditions. To address 
this question, DARE-19 (Dapagliflozin in respiratory fail-
ure in patients with COVID-19), a pragmatic investigator-
sponsored, collaborative, multi-center, randomized, double-
blind, placebo-controlled phase III clinical trial, was carried 
out to unveil  the effects of SGLT-2 inhibitor treatment on 
comorbid disease complications and concomitant COVID-
19 outcomes in patients exhibiting mild to moderate symp-
toms on admission [6].

The DARE-19 study aimed at evaluating the efficacy of 
the SGLT-2 inhibitor, dapagliflozin, in the prevention of 
the incidence of major events, all-cause mortality and in 
improving clinical recovery in patients hospitalized with 
COVID-19 [6]. The study also assessed the safety profile 
of dapagliflozin and evaluated two primary endpoints that 
constituted: (1) time to first occurrence of a new major or 
worsened cardiometabolic event, organ dysfunction, or time 
to death from any cause at any time during index hospitali-
zation and the 30-day treatment period, (2) the hierarchical 
composite endpoint ranking change in clinical status during 
the entire duration  of the treatment period [6]. To contextu-
alize the insights gleaned from this trial, it is imperative to 
deconstruct the rationale behind SGLT-2 inhibitor use and 
assess its effects on the RAAS cascade that either amelio-
rate or amplify the extant pathologic conditions in patients 
infected with COVID-19.

Cardio‑ and reno‑protective role of SGLT‑2 
inhibitors

SGLT-2 is a glucose transporter that is responsible for 
approximately 90% of the plasma glucose reabsorption 
in the kidney [7]. Expression and activity of SGLT-2 are 
significantly up-regulated in T2DM [7]. SGLT-2 inhibi-
tors, including empagliflozin and dapagliflozin, are a new 
class of oral anti-diabetic agents specifically aimed to sup-
press glucose reabsorption in the proximal renal tubule and 
increase urinary glucose excretion [7]. Besides the notice-
able improvement in glycemic control, SGLT-2 inhibitors 
provide potential additional benefits including reno- and 
cardio-protective effects by inducing natriuresis, osmotic 
diuresis, and uricosuria [7]. Empagliflozin has been demon-
strated to contribute to cardio- and reno-protective effects by 
inducing a transcriptional paradigm that recapitulated a state 
of fasting via upregulation of the SIRT1/AMPK pathway and 

concomitant suppression of the Akt/mTOR signaling path-
way. This in turn reduced oxidative stress, normalized the 
mitochondrial structure and function, minimized coronary 
microvascular injury, suppressed inflammation, improved 
contractile ability and attenuated the development of car-
diomyopathy [8] (Table 1). Another study elucidated that 
the amplified interplay of the SIRT1 and AMPK also orches-
trated the action of dapagliflozin to ameliorate glomerular 
and tubular inflammation and injury to preclude develop-
ment of nephropathy [9].

Alterations of the RAAS cascade in CVD

The RAAS cascade includes the activator and the inhibi-
tory pathway. The activator pathway results in vasocon-
striction and pro-inflammatory responses and is directed 
by angiotensin converting enzyme 1 (ACE-1), an enzyme 
that produces angiotensin II (AngII). AngII is an active 
peptide that causes the vasoconstriction, oxidative stress 
and inflammation. The inhibitory pathway results in vaso-
dilation and anti-inflammation and is directed by angio-
tensin converting enzyme 2 (ACE-2), a peptidase which 
competes with ACE-1 and deactivates AngII by metabo-
lizing it to angiotensin III [10]. It has been demonstrated 
that enhanced RAAS activity underlies CVD conditions 
and favors increased AngII levels [10, 11]. In this context, 
activation of the type-1 angiotensin-II receptor (AT1R) 
by AngII mediates various intracellular pathways that 
orchestrate endothelial dysfunction, cardiac and vascu-
lar remodeling, and atherosclerosis. Furthermore, AT1R 
stimulation also facilitates activation of protein kinases 
such as mitogen-activated protein kinases (MAPK). Con-
trariwise, repression of MAPK cascades mediated by 
angiotensin (1–7) [Ang (1–7)] produced via ACE-2-cat-
alyzed cleavage of AngII, decreases inflammation and 
maintains a well-balanced RAAS activity between ACE-2/
Ang (1–7) and ACE-1/AngII pathway. Correspondingly, 
recent studies showed that phosphotyrosine phosphatase 
activation and MAPK cascade suppression facilitated by 
Ang (1–7)-mediated type-2 angiotensin-II receptor (AT2R) 
activation confers a protective effect against CVD symp-
toms [12, 13]. Thus, activation of the RAAS cascade in the 

Table 1   Cardiorenal protective effects of empagliflozin

A Reduced oxidative stress
B Enhanced mitochondrial structure and function
C Minimization of coronary microvascular injury
D Decreased inflammation
E Improved contractile performance
F Reduced glomerular and tubular inflammation and injury
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presence of ACE/ARB inhibition will favor the Ang(1–7) 
and the activation of the AT2R [13].

The interplay between RAAS, CVD 
and COVID‑19

In CVD patients, ACE-2 serum levels  have been dem-
onstrated to be elevated, which is further increased when 
there is an active COVID-19 infection, putting them at 
risk of severe COVID-19 symptoms [14]. It has also been 
demonstrated that the SARS-CoV strain contributes to 
myocardial and pulmonary infections in the presence of 
discernible reductions in ACE-2 expression levels [15]. 
This, would therefore, attenuate the protective effects of 
the ACE-2/ Ang (1–7) pathway, thus leading to perturba-
tion of the RAAS-ACE-2 homeostasis and cause poten-
tial deterioration of both respiratory symptoms and car-
diovascular complications. Similarly, in vivo, it has been 
demonstrated that  pulmonary failure increases following 
viral spike glycoprotein injection due to the downregula-
tion of ACE-2 expression levels [16]. Clearly, ACE-2 plays 
a role in mediating SARS-CoV in the heart but whether it 
is downregulated or upregulated requires further studies.

SGLT‑2 inhibitors influence RAAS in the light 
of COVID‑19

The safety of SGLT-2 inhibitors in patients infected with 
COVID-19 was questioned patients due to pre-clinical 
studies which have demonstrated that SGLT-2 inhibitors 
can cause transient activation of systemic RAAS, and that 
intrarenal RAAS is sometimes activated to compensate for 
the Na+ and water loss, particularly after the initiation of 
treatment [17]. Chronic use of the SGLT-2 inhibitor did not 
result in increased activity of the RAAS pathway [18]. The 
activation of the RAAS cascade increases the production 
of AngII resulting in inflammation. However, it seems that 
while SGLT-2 inhibitors deplete the circulating volume 
resulting in activation of the RAAS cascade, it exerts an 
organ protective effect in the presence of ACE.ARB inhib-
itors that prevent the activation of AT1R resulting in the 
activation of AT2R [19]. Whether RAAS activity is upregu-
lated in patients who have recently been prescribed SGLT-2 
inhibitors versus those who have been on SGLT-2 inhibitors 
over a long period remains unknown. How such findings 
correlate to the effects of SGLT2 inhibitors in patients with 
COVID-19 also remains unclear.

DARE‑19 study

Evidence of the efficacy of SGLT-2 inhibitors in confer-
ring substantive organ protection in patients infected with 
COVID-19 remains elusive. The Phase III DARE-19 study 
with 1229 patients demonstrated no statistical significance 
for its two primary endpoints during the 30 days follow up. 
The first outcome being the time to first occurrence of new 
or worsened organ dysfunction or death which occurred in 
64 patients in dapagliflozin arm vs 80 patients in placebo 
group and the second outcome being hierarchical recovery 
outcome, which occurred in 87.5% of the dapagliflozin arm 
vs 85.1% in the placebo arm [20]. The need to orchestrate 
robust large-scale clinical trials constituting a longer dura-
tion (90–120 days) is highly warranted [21]. Evaluating the 
effectiveness of combination therapy involving, for example, 
SGLT-2 inhibitors and renin-angiotensin system blockers, 
in ameliorating adverse cardiorenal events in hospitalized 
patients with COVID-19 would serve as another prudent 
investigation [22]. Similarly, looking at the time in which 
SGLT-2 inhibitors were initiated and further in-depth anal-
ysis of the RAAS cascade would provide further insight 
into the role of RAAS in contributing to the clinical out-
come of patients using SGLT-2 inhibitors and infected with 
COVID-19. Although the data gleaned from the DARE-19 
trial demonstrated no disproportionate benefit or harm in 
terms of cardioprotection, it is substantiated dapagliflozin’s 
well-established safety and tolerability profile. Hence, the 
findings of this trial should not entirely be discussed with 
negative connotations, but rather with a positive perspective, 
as they underscored that administration of SGLT-2 inhibi-
tors would not worsen prognosis of COVID-19, although it 
would not necessarily confer discernible cardioprotection.
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