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Abstract

Sodium-glucose co-transporter 2 inhibitors (SGLT2i) are a new class of glucose-lowering agents which have changed the
landscape of diabetes therapy, due to their remarkable cardiorenal protective properties. The attack of severe acute respira-
tory syndrome coronavirus 2 on the heart and kidneys shares similarities with diabetes; therefore, the notion that SGLT?2i
might have a role in the future management of Coronavirus Disease 2019 (COVID-19) is based on a solid pathophysiological
hypothesis. SGLT2i have been proved to decrease the expression of proinflammatory cytokines, ameliorate oxidative stress
and reduce sympathetic activity, thus resulting in downregulation of both systemic and adipose tissue inflammation. On the
other hand, they have been linked to an increased risk of euglycemic diabetic ketoacidosis. Therefore, the efficacy and safety
of SGLT2i in COVID-19 are still debatable and remain to be clarified by ongoing randomized trials, to assess whether the
benefits of treatment with these drugs outweigh the potential risks.
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Background

Sodium-glucose co-transporter 2 inhibitors (SGLT2i) are
a new class of oral, glucose-lowering agents used for the
management of type 2 diabetes (T2D), but also as an adjunct
treatment in overweight people with type 1 diabetes (T1D),
not adequately controlled with insulin. Gliflozins block
SGLT2, expressed in the early segment of the proximal
renal tube, reducing this way renal glucose reabsorption.
This class of drugs has changed the landscape of diabetes
therapy, not only because of their potency in lowering blood
glucose with a minimal risk of causing hypoglycemia, but
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predominantly due to their remarkable cardiorenal protective
properties. Robust evidence from recently published large-
scale cardiovascular outcome trials (CVOTs) has associated
treatment with SGLT2i with significant reductions in the
risk of major cardiovascular (CV) events, hospitalization
for heart failure (HF), CV death, and renal outcomes [1, 2].
The impressive results of CVOTs, particularly in populations
with established atherosclerotic disease, HF, and impaired
renal function, have gradually shifted the perspective of dia-
betes management from a strictly glucose-centric approach
to recognizing the importance of addressing CV risk simul-
taneously with glycemic control.

During the past months, humanity has been dramati-
cally experiencing the impact of the “Coronavirus Disease
2019 (COVID-19)” pandemic on every aspect of economic
and social life, with the disease being a huge burden for
health care systems around the world. People with diabetes
are known to be at great risk of poor outcomes, including
increased mortality rates during COVID-19 [3]. This com-
mentary aims to discuss the pathophysiological background
and the risk—benefit balance of the administration of SGLT2i
to patients with COVID-19.
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The rationale behind the use of SGLT2i
in COVID-19

It is well established that hyperglycemia exerts unfavora-
ble effects on the CV system through multiple mechanisms,
including chronic, low-grade inflammation and endothelial
dysfunction that negatively affect the pump function of the
heart and result in the development of atherosclerosis [4].
Although the exact mechanisms involved in the heart and
kidney benefits of SGLT2i have not been fully elucidated,
these are believed to derive from reduction in preload and
afterload secondary to natriuresis and osmotic diuresis,
changes in heart metabolomics, and downregulation of pro-
fibrotic and pro-inflammatory markers [5]. Particularly, they
have been shown to suppress leptin, interleukin (IL)-6, and
tumor necrosis factor (TNF) -a levels, which are all major
contributors to the development of cardiac inflammation [6].
SGLT?2i have been proved to ameliorate oxidative stress,
reduce sympathetic activity and improve cell autophagy,
thus, resulting in downregulation of both systemic and adi-
pose tissue inflammation [7]. Canagliflozin and dapagliflo-
zin have been demonstrated to activate the AMP-activated
protein kinase, resulting in reduced inflammatory responses
in endothelial cells and myofibroblasts, respectively [5-7].
Interestingly, the attack of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) on the heart seems
to share similarities with diabetes pathogenetic pathways.
Cytokine storm, direct viral damage and endotheliitis are all
believed to be implicated in the cardiac manifestations of the
disease, such as myocarditis, HF, and myocardial infarction.
From a clinical perspective, the incidence of myocardial
damage in COVID-19 patients has been estimated to be as
high as 28%, related to poor prognosis [8]. Cardiac arrhyth-
mias are more prevalent among critically ill patients with
COVID-19, related not only to direct viral effects, but also to
systemic inflammation and drug interactions [9]. Recent data
suggest that SGLT2i might confer protection against new-
onset arrhythmias in people with T2D [adjusted hazard ratio
(aHR) 0.83], with this benefit also translated into a lower
risk of all-cause mortality (aHR 0.55) [10]. It is worth men-
tioning that relevant data are mainly driven by a significant
reduction in the risk for atrial fibrillation (AF) observed with
treatment with dapagliflozin in high-risk individuals with
T2D, regardless of the patient’s former history of AF, CV
disease or HF [11]. Although the exact mechanisms mediat-
ing the antiarrhythmic effects of SGLT?2i are still obscure,
it has been postulated that these are driven by structural,
electromechanical, and mechanical myocardial remodeling
and downregulation of the sympathetic tone [5, 10, 11].
Lactate dehydrogenase concentrations positively correlate
with tissue hypoxia and have been suggested to reflect the
severity of organ damage and relate to increased mortality

rates in COVID-19 [12]. Normally, Na*/H* exchanger
(NHE), along with H*/lactate symporter, contribute to the
regulation of intracellular PH. Increase of lactate in the
extracellular space during hypoxia activates the symporter
which moves lactate and H" into the cell but also the NHE,
which exports H* and imports Na* and Ca**, leading to
cell edema. SGLT2i are known to inhibit NHE flux, result-
ing in decreased intracellular and mitochondrial Na* and
Ca** concentrations, improved myocardial contractility, and
preservation of cytosolic PH under hypoxic conditions [7].
In addition, dapaglifiozin is believed to inhibit lactate forma-
tion mediated by improved oxygen supply to kidneys, while
improving at the same time its renal excretion [13].

Endothelial dysfunction, excessive inflammation,
ischemic injury and hypercoagulability are considered to
be essential mechanisms in the development of acute kid-
ney injury (AKI) in COVID-19. AKI is associated with a
13-fold greater risk of death among SARS-CoV-2 infected
individuals [14]. Of note, Menon et al. [15] recently showed
that renal damage in diabetes and COVID-19 might share
common backgrounds, by demonstrating that the diabetic
kidney disease angiotensin converting enzyme 2 (ACE2)-
positive proximal tubular epithelial cell module overlaps
with the expression patterns observed in SARS-CoV-2
infected cells. On the other hand, SGLT?2 inhibition results
in a natriuretic response, which through tubuloglomerular
feedback, causes afferent arteriolar vasoconstriction, finally
leading to reductions in intraglomerular pressure. SGLT2i
have been shown to increase erythropoietin concentrations
leading to improved oxygenation of heart and renal tissue
[5]. Moreover, in an experimental model of diabetic kid-
ney disease, canagliflozin decreased plasma concentrations
of TNF receptor 1, IL-6, matrix metalloproteinase 7, and
fibronectin 1, suggesting that SGLT2i have the potential to
reverse molecular processes related to renal inflammation
and fibrosis [16].

Based on the above indirect associations, the ques-
tion then arises: do SGLT2i have the potential to improve
COVID-19-related outcomes in people with or even without
diabetes? Although the rationale behind such an approach
seems valid, the available data are still limited and mainly
come from observational studies. In a recently published
analysis of the impact of diabetes and hypertension phar-
macotherapy on COVID-19 outcomes, Dalan et al. [17]
established a lower risk of mechanical ventilation in a small
group of patients (n=16) having been exposed to SGLT2i
treatment, after adjustment for baseline features and CV sta-
tus. Figure 1 summarizes the putative mechanisms through
which SGLT? inhibitors might alleviate organ damage in
COVID-19.
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The other side of the coin

Safety issues should be considered when discussing the role
of these agents in COVID-19. SGLT2i promote a shift of
energy substrate usage from carbohydrates to lipids, while
decreasing at the same time renal ketone body clearance
[5]. Under specific circumstances, including severe infec-
tions, emergency surgery, or prolonged fasting, treatment
with these drugs might trigger the development of euglyce-
mic diabetic ketoacidosis (DKA), a potentially fatal clinical
entity. Armeni et al. [18] have recently reported a profound
association between COVID-19 and hyperglycemic emer-
gencies, including DKA and long-lasting ketosis, in people
with T2D and COVID-19. In another case series, Chamorro-
Pareja et al. [19] reported that the majority of people pre-
senting with DKA and COVID-19 had T2D and not T1D
and contrary to expectation, they experienced good glycemic
control before admission. Taking into account the growing
number of reports describing patients who presented with
euglycemic DKA in the context of COVID-19 and SGLT2i
use [20], there is a need for increased vigilance by physicians
to properly recognize and treat such cases. The data suggest
that SARS-CoV-2 might potentially exert direct diabetogenic
effects by attacking beta-cells and significantly impairing
insulin secretion, and in conjunction with the exacerbation
of insulin resistance due to systemic inflammation, finally
leads to relative insulinopenia and the development of DKA
[18-20]. Further studies are needed to clarify to what extent
co-administration with insulin might alleviate the risk of
DKA in people with COVID-19 and T2D receiving SGLT2i.

Another concern is that treatment with SGLT2i has been
linked to upregulation of ACE2 [7], which is the essen-
tial SARS-CoV-2 receptor, and might potentially result in
increased viral entry into lung and other tissue cells. On the

other hand, although women manifest higher ACE2 levels,
available evidence suggests significantly higher mortality
rates among men [3], indicating that disease severity and
progression in COVID-19 is mediated by complex and mul-
tiple factors.

Conclusion

In any case, definite answers regarding the effectiveness and
safety of SGLT2i in acute COVID-19 are anticipated from
two ongoing, randomized-controlled trials (RCTs): DARE-
19 (ClinicalTrials.gov, NCT 04350593, n= 1250, estimated
completion date June 2021) aims to explore whether dapa-
gliflozin could lower the risk of disease progression, com-
plications, and mortality due to COVID-19 in patients with
T2D, CV disease, and/or impaired renal function. TACTIC-
E (ClinicalTrials.gov, NCT 04393246, n= 1407, estimated
completion date June 2021) investigates the effects of dapa-
gliflozin when combined with the endothelin receptor ago-
nist ambrisentan, on clinical outcomes (death, mechanical
ventilation, CV organ support, or renal failure) and several
biomarkers related to the disease progression (e.g. IL-6,
c-reactive protein, d-dimers) in patients with COVID-19.

In conclusion, the notion that SGLT2i might have a role
in the future management of COVID-19, although purely
speculative for the moment, seems to be based on a solid
pathophysiological hypothesis. Efficacy and safety, par-
ticularly with respect to the development of DKA, are still
debatable and remain to be clarified by ongoing RCTs and
accumulation of real-world data, to assess whether the ben-
efits of treatment with these drugs in SARS-CoV-2 infected
individuals outweigh the potential risks. In this battle, we
have to be both rare and innovative; taking the hard road is
sometimes the only option.
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