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SGLT-2 inhibitors as cardioprotective agents in COVID-19
To the Editor,

Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2
virus is a global pandemic impacting nearly 10 million people
worldwide. Since the initial detection in December 2019, this novel
coronavirus has posed major challenges to the human race. The dis-
ease has a varied spectrum of presentation with respiratory system
being most commonly affected followed by the cardiovascular (CV)
system in later stages of the disease.1 Multiple risk factors account-
ing for an adverse outcome include older age, male sex and pres-
ence of comorbidities such as diabetes, hypertension, chronic
kidney disease and obesity.1,2 Acute respiratory failure and fulmi-
nant myocarditis have been reported as the most common causes of
death.1 A lack of a specific therapy for COVID-19 has ushered in a
global race for development of new drugs and vaccines. Emergence
of the novel coronavirus also led to repurposing of several drugs
such as anti-malarial drugs chloroquine and hydroxychloroquine,
anti-HIV drugs viz. lopinavir/ritonavir. However, the safety and effi-
cacy of these drugs have not been completely established in the cur-
rent scenario.
Pathogenesis and current treatment options

Transmission of SARS-CoV-2 to humans occurs through respi-
ratory droplets with median incubation period being 5.1 days.
The SARS-CoV-2 infection is caused following binding of the viral
spike protein to human angiotensin-converting enzyme-2 (ACE-2)
receptors expressed on Type II pneumocytes in the lungs. Viral
entry occurs by endocytosis and then utilising the host cell
machinery, synthesis of viral structural protein and genome
occurs followed by release of mature virions by exocytosis. Viral
replication leads to a dysregulated immune response with a
release of several pro-inflammatory cytokines such as IL-1, IL-2,
IL-6 culminating in a cytokine storm resulting in acute respiratory
distress, myocarditis, thromboembolic complications, multiorgan
failure and death.1 In addition, this inflammatory milieu leads to
an increased production of free radicals and hence increased lev-
els of oxidative stress. Use of anti-inflammatory and immuno-
modulatory agents such as corticosteroids, IL-6 inhibitors
(tocilizumab, sarilumab) have shown to be promising therapies
for COVID-19 infection. A significant chunk of patients have seri-
ous cardiovascular complications such as myocardial infarction,
myocarditis, heart failure and arrhythmias with a recent study
showing marked cardiac damage and ongoing cardiac inflamma-
tion even in patients recovered from COVID-19 infection.3 This
calls for a need for cardio-protective strategies as one of the ther-
apeutic approaches especially in critically ill patients.
https://doi.org/10.1016/j.hrtlng.2020.09.002
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SGLT2 inhibitors: a new ray of hope

Sodium-glucose cotransporter-2 inhibitors (SGLT-2i), a novel class
of antidiabetics, acts on the SGLT transporters located in the proximal
convoluted tubule of the nephron and promotes excretion of glucose
leading to a decrease in plasma glucose levels. While originally
intended as a promising anti- diabetic drug, recent studies have
highlighted its role in reduction of cardiovascular mortality and hos-
pitalization for heart failure even in absence of diabetes.4 SGLT2i
have been reported to prevent the release of various proinflamma-
tory cytokines such as IL-6.5 Dapagliflozin is known to cause a reduc-
tion in lactate levels by decreasing its release from epicardial adipose
tissue and causing a lowering in oxygen consumption in tissues and
promoting glucose utilisation in the aerobic pathway.6 Decreased lac-
tate levels reduces the activation of lactate/H+ symporter and thus
maintaining an adequate cytosolic pH. This leads to a decreased entry
of SARS-CoV-2 into cells due to an increase in the cytosolic pH. In
addition, SGLT2i leads to an increase in the ACE-2 level which leads
to greater production of the angiotensin 1�7 which is a potent vaso-
dilator, anti-oxidant and anti-fibrotic which helps in the prevention
of acute respiratory distress syndrome (ARDS) and alleviating cyto-
kine storm.7 Increased ACE-2 levels were initially thought to increase
viral entry however recent evidence stands contrary to the same as
there is a limited availability of a serine protease transmembrane
protease serine 2 (TMPRSS2) which is required for binding to ACE2
receptors.6,7

SGLT2i have previously been shown to have potent cardio- and
reno-protective effects in patients with type 2 diabetes, heart failure
and/or chronic kidney disease4 and this class of drugs may afford pro-
tection to these vital organs in the setting of COVID-19 infection.
SGLT2i inhibits the activity of the Na+/H+exchanger isoform (NHE1)
which leads to decreased cardiac remodelling and heart failure pro-
gression.8 Inhibition of NHE-1 leads to increased mitochondrial Ca2
+ levels resulting in an increased ATP production in the cardiac tis-
sues. SGLT2i such as empagliflozin has also been shown to ameliorate
myocardial oxidative stress as well as decrease in cardiac fibrosis.
This may have a putative role in COVID-19 patients with myocarditis
and adverse cardiac remodelling.8 In addition, SGLT2i cause an
increase in glucagon levels which has a positive inotropic and chro-
notropic effect hence leading to cardiovascular protection. These
drugs also cause a switch in the myocardial fuel utilization from glu-
cose towards ketone bodies and free fatty acids leading to better car-
diac energetics.8 In critically ill COVID-19 patients, there is an
increased activation of neurohumoral mediators such as renin-angio-
tensin system (RAS) along with oxidative stress and inflammation
which is detrimental to the functioning of the cardiovascular and
renal systems. SGLT2i leads to intrarenal RAS suppression along with
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lowering of renal and cardiac sympathetic nervous system activity
thus offering adequate cardiorenal protection.9 SGLT2i also downre-
gulates expression of inflammatory genes and reduces oxidative
stress leading to the amelioration of cardiorenal dysfunction. In addi-
tion, SGLT2 inhibitors have also been shown to reduce myocardial
sensitivity to ischaemia-reperfusion injury thus further enhancing
the cardio-protective benefits.10 The renal protective action of these
drugs are mediated by the restoration of tubuloglomerular feedback
leading to vasoconstriction of afferent arterioles and a decrease in
albuminuria. In addition, SGLTi with its anti-inflammatory effects
does have an impact on tubular functions especially in critically ill-
patients and thus decreases the chances of acute kidney injury.9

Challenges in use of SGLT-2i in COVID-19

Use of SGLT-2i in diabetic patients with COVID-19 infection was
initially met with resistance and speculation owing to the concerns
of volume depletion, blood pressure reduction, risk of euglycemic
diabetic ketoacidosis (DKA) during acute illness. An increased risk of
euglycemic DKA occurs due to a reduced appetite leading to
decreased carbohydrate consumption along with dehydration due to
high fever or vomiting/diarrhoea and the osmotic diuretic effect of
COVID-19 infection.11 In addition, drug interactions are major con-
cerns while prescribing SGLT2i. In view of these complications, health
agencies had warned about safety concerns for SLGT2i and the risk of
DKA in patients with both diabetes and COVID-19 infection. In this
setting, they have recommended to avoid SGLT2 inhibitors in all
patients with risk factors for developing symptoms or serious compli-
cations of COVID-19.11 The potential role of SGLT-2i is being explored
in the form of Dapagliflozin in Respiratory Failure in Patients with
COVID-19 (DARE-19, NCT04350593) trial12 which is a phase III multi-
national RCT. This trial includes patients with mild-moderate COVID-
19 infection and at least one of the following: type 2 diabetes, hyper-
tension, atherosclerotic cardiovascular disease, heart failure and
stage 3�4 chronic kidney disease who shall be randomised to receive
either dapagliflozin 10 mg once daily or placebo along with standard
of care. The primary endpoints include the time to first occurrence of
all-cause death or comorbid disease complications during follow-up
of one month.12 The current evidence for the use of SGLT-2i in
COVID-19 infection is very limited with a series from Italy reporting
lack of benefit amongst three non-diabetic patients who were admin-
istered empagliflozin 10 mg for 5�7 days as an “off-label” adjunctive
therapy. However, in this series it was the length of hospital stay and
improvement in computerised tomography (CT) chest findings as the
primary end-point and not cardio-renal protective effects.13

In absence of data on long term cardiovascular consequences of
COVID-19 infection and recent evidence of significant cardiac
involvement and ongoing cardiac inflammation even in recovered
patients, there is a need for cardioprotective strategies and SGLT-2i
are a promising aspect in this regard. SGLT-2i can be a potent adjunc-
tive therapy in COVID-19 patients with myocardial injury or acute
myocarditis as an effective cardioprotective agent. Their anti-inflam-
matory and neurohormonal actions further strengthen their role as
cardioprotective agents in COVID-19 infection 19 which has been
seen to have deleterious effects on cardiac functions. In the current
scenario, risk-benefit analysis must be done while initiating these
agents in newly diagnosed critically ill diabetic COVID-19 patients
keeping in mind the risk of DKA in these patients. SGLT-2i does
appear as a promising adjunctive therapy in COVID-19 patients
owing to its strong cardio- and reno-protective effects however, fur-
ther studies are needed to confirm these hypotheses.
Author contributions

KG and SK contributed to the conception of the work. KG and SK
drafted the initial manuscript and edited the final manuscript. Both
the authors gave final approval and agree to be accountable for all
aspects of work ensuring integrity and accuracy.
Funding information

There was no research funding available for this study
Declaration of Competing Interest

Authors have no conflict of interest to disclose
References

1. Kunal S, Gupta K, Sharma SM, et al. Cardiovascular system and COVID-19: perspec-
tives from a developing country. Monaldi Arch Chest Dis. 2020:90. https://doi.org/
10.4081/monaldi.2020.1305.

2. Goyal P, Choi JJ, Pinheiro LC, et al. Clinical Characteristics of Covid-19 in New York
City. N Engl J Med. 2020;382:2372–2374.

3. Puntmann VO, Carerj ML, Wieters I, et al. Outcomes of Cardiovascular Magnetic
Resonance Imaging in Patients Recently Recovered From Coronavirus Disease
2019 (COVID-19). JAMA Cardiol. 2020 Jul 27 e203557.

4. McMurray JJV, Solomon SD, Inzucchi SE, et al. DAPA-HF Trial Committees and
Investigators. Dapagliflozin in Patients with Heart Failure and Reduced Ejection
Fraction. N Engl J Med. 2019;381:1995–2008.

5. Soni S, Dyck JR. The Multiple Effects of SGLT2 Inhibitors Suggest Potential Benefit
in COVID-19 Patients. Can J Cardiol. 2020. S0828-282X(20)30856-4.

6. Chatterjee S. SGLT-2 inhibitors for COVID-19 - A miracle waiting to happen or just
another beat around the bush? Prim Care Diabetes.. 2020. S1751-9918(20)30198-4.

7. Cure E, Cumhur Cure M. Angiotensin-converting enzyme inhibitors and angioten-
sin receptor blockers may be harmful in patients with diabetes during COVID-19
pandemic. Diabetes Metab Syndr. 2020;14:349–350.

8. Packer M. Activation and Inhibition of Sodium-Hydrogen Exchanger Is a Mecha-
nism That Links the Pathophysiology and Treatment of Diabetes Mellitus With
That of Heart Failure. Circulation. 2017;136:1548–1559.

9. Silva Dos Santos D, Polidoro JZ, Borges-J�unior FA, et al. Cardioprotection conferred
by sodium-glucose cotransporter 2 inhibitors: a renal proximal tubule perspective.
Am J Physiol Cell Physiol. 2020;318:C328–C336.

10. Lahnwong S, Palee S, Apaijai N, et al. Acute dapagliflozin administration exerts car-
dioprotective effects in rats with cardiac ischemia/reperfusion injury. Cardiovasc
Diabetol. 2020;19:1–3.

11. Rayman G, Lumb A, Kennon B, et al. London Inpatient Diabetes Network-COVID-
19. Guidelines for the management of diabetes services and patients during the
COVID-19 pandemic. Diabet Med. 2020;37:1087–1089.

12. ClinicalTrials.Gov. 2020. Dapagliflozin in Respiratory Failure in Patients with
COVID-19 (DARE-19). Available from: https://www.clinicaltrials.gov/ct2/show/
NCT04350593 (Last accessed 29th July 2020).

13. Bossi AC, Forloni F, Colombelli PL. Lack of Efficacy of SGLT2-i in Severe Pneumonia
Related to Novel Coronavirus (nCoV) Infection: no Little Help from Our Friends.
Diabetes Ther. 2020;11:1605–1606.

Kashish Gupta
Shekhar Kunal*

Department of Medicine, SMS Medical College, Jaipur, Rajasthan, India
Department of Cardiology, SMS Medical College, Jaipur, Rajasthan, India

*Corresponding author.

Received 27 August 2020
Accepted 2 September 2020

Available online 22 September 2020

https://doi.org/10.4081/monaldi.2020.1305
https://doi.org/10.4081/monaldi.2020.1305
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0002
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0002
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0003
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0003
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0003
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0004
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0004
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0004
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0005
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0005
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0006
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0006
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0007
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0007
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0007
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0008
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0008
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0008
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0009
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0009
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0009
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0009
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0010
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0010
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0010
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0011
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0011
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0011
https://www.clinicaltrials.gov/ct2/show/
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0013
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0013
http://refhub.elsevier.com/S0147-9563(20)30366-6/sbref0013

