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Heart failure is a frequent and highly debilitating pathology. Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers, [-
blockers, mineralocorticoid receptor antagonists, and valsartan/sacubitril have been shown to reduce mortality in chronic heart failure with
reduced ejection fraction. Recently, glifozines (SGLT-2 inhibitors) have become another effective therapeutic option for heart failure with
reduced ejection fraction, in patients with and without diabetes mellitus. The review presents the effects of SGLT-2 inhibitors on the

cardiovascular system and heart failure.
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Introduction

Heart failure is a frequent disease with increasing prevalence,
primarily due to an aging population. Indeed, 20% of people
shall develop Chronic Heart Failure (CHF) during their lifetime
and CHF is the predominant cause of hospitalization in
individuals aged over 65 years [1-3]. For clinical purposes,
considering the left ventricular Ejection Fraction (EF), CHF is
classified as a) with reduced EF (HFrEF), i.e. EF < 40 %; b) with
midrange EF, i.e. EF 40 to 49 %, and c) with preserved EF, i.e.
EF >50% [4].

In patients with HFrEF Angiotensin-Converting Enzyme
Inhibitors (ACEI), Angiotensin Receptor blockers (ARB), B-
blockers,  mineralocorticoid  receptor  antagonists, and
valsartan/sacubitril  (VALS/SCA) reduce mortality [4].
Nonetheless patients with CHF continue to have a poor
prognosis, partially because many do not receive the effective
doses of drugs [5].

Interplay between diabetes mellitus and CHF

Type 2 Diabetes Mellitus (T2DM) induces CHF by eliciting
metabolic and inflammatory changes [6], consequently causing
micro- and macrovascular complications through increased
myocardial mass and diastolic stiffness, and promotion of
endothelial dysfunction [7,8]. Compared to patients without CHF,
those with CHF have a 4-fold prevalence of T2DM [9]. Also,
compared with patients with T2DM, those without T2DM show a
2.5-fold increased risk for CHF. Indeed, in hospitalized patients
with CHF the prevalence of T2DM is up to 40% higher [9,10]
and in patients aged more than 65 years the coexistence of T2DM
and CHF increases the mortality risk up to 10-fold [9,10].

Glifozines in the therapy of CHF

Drug repurposing refers to switching the therapeutic indication of
a drug. Known examples of drug repurposing are: a) aspirin
(switched from antipyretic therapy to an antiplatelet agent), b)
hydroxychloroquine switched from malaria therapy to treat
rheumatic diseases), and c¢) methotrexate (switched from
cytostatic therapy to treat autoimmunity pathologies). Glifozines,
i.e. sodium-glucose-2 transporters (SGLT-2) inhibitors, were
introduced for the therapy of T2DM [11,12]. At present, 4 SGLT-
2 inhibitors are marketed: canagliflozin, dapaglifozin,
empaglifozin and ertuglifozin. Clinical studies have proven that
these drugs exert beneficial effects in HFrEF and, with drug
repurposing, SGLT-2 inhibitors have now a recognized role in
cardiology [4,5,12,13].

Energetic needs of the heart

Under normal conditions the heart derives 70% of its energetic
needs from Free Fatty Acids (FFA) and 30% from glucose [14].
FFA are overabundant in the presence of diabetes mellitus and
CHF [15]. In the presence of hyperglycemia, the heart can reduce
the oxidation of FFA, but overabundant FFA uncouple and
impair the mitochondrial ATP production [16], thus reducing the
heart’s efficiency for satisfying its energetic needs [14-17]. As a
consequence, perivascular and cellular fibrosis develop and
reduce the myocardial elasticity and relaxation [15,18].
Furthermore, both T2DM and CHF increase the oxidative stress
and enhance the Na+-glucose cotransport, therefore augmenting
the myocardial Na+ concentration [19].
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Effects of SGLT-2 inhibitors on the cardiovascular system

The SGLT-2 cotransporter is located in the proximal renal tubule
and reabsorbs 90% of the filtrated glucose [5,12,13].
Independently from insulin, SGLT-2 inhibitors reduce the
reabsorption of glucose and therefore, the body's amount of
glucose thus decreasing the body’s weight [20] and shifting the
fuel energetics through the metabolism of ketones: for the heart
the oxidation of ketones is more efficient that the oxidation of
FFA and is advantageous for its energetic demands; furthermore,
the reduced oxidation of FFA counteracts the oxidative stress
[21].

SGLT-2 inhibitors exert a diuretic effect by inducing glycosuria
and natriuria [5,11-13].

SGLT-2 inhibitors also exert hemodynamic effects by interacting
with the renin-angiotensin-aldosterone system and increasing
levels of circulating glucagon [5,11,12]. Indeed, several trials
with dapaglifozin [22-26], and the EMPA-REG study with

empagliflozin [21] have shown that these glifozines reduce the
blood pressure values by 4%.

Furthermore, by a feed-back effect, the increased Na+
concentration in the macula dens constricts the vasa afferents,
thus reducing the hydrostatic pressure of the glomeruli, opposing
the glomerular hyperfiltration and reducing the albuminuria [5,9].
Because of these effects SGLT-2 inhibitors, as ACEI, ARB and
VALS/SAC protect the renal function.

Furthermore, SGLT-2 inhibitors increase cardiac output, heart
rate, O2 consumption, coronary blood flow. improve cardiac
filling (by reduced preload and afterload), improve systolic and
diastolic function, reduction in left ventricular mass, inhibition of
cardiac fibrosis, improved myocardial autophagy, improve
endothelial ~ function, increase circulating proangiogenic
progenitor cells and erythropoietin [5,11,13,16,21].

The cardiovascular effects of SGLT-2 inhibition are summarized
in Table 1.

1. | Osmotic diuresis (by glycosuria and natriuresis).

2. | Improved myocardial energetics (by improved myocardial substrate metabolism).

myocardial Na'/H* exchange.

3. | Reduction in myocardial Ca**/calmodulin-dependent protein kinase II activity and inhibition of

circulating glucagon).

4. | Increased cardiac output, heart rate, O, consumption, coronary blood flow (by increased levels of

5. | Improved cardiac filling (by reduced preload and afterload).

improved myocardial autophagy.

6. | Improved systolic and diastolic function, reduction in left ventricular mass, inhibition of cardiac fibrosis,

7. | Improved endothelial function.

8. | Increased circulating proangiogenic progenitor cells

9. | Increased erythropoietin

Table 1. Effects of SGLT-2 inhibition on cardiovascular system.

Effects of SGLT-2 inhibitors on the cardiovascular system

The CANVAS trial [27,28] studied the effects of the SGLT2-
inhibitor canagliflozin in patients with T2DM with established
atherosclerotic disease or at high risk for cardiovascular events
and has proven that the drug exerts significant beneficial effects.

The DECLARE-TIMI 58 trial [22-26] studied the effects of the
SGLT-2 inhibitor dapaglifozin on CHF in patients with T2DM
with either multiple cardiovascular risk factors (59.4%) or
established atherosclerotic disease (40.6%). The trial proved that
dapaglifozin reduces significantly CHF or cardiovascular death
and lowers the rate of CHF; the benefit was consistent in patients
with and without recognized atherosclerotic disease and also
without a previous history of CHF. Recent sub-analyses of the
DECLARE-TIMI 58 trial [24,25] have shown that dapaglifozin
reduced CHF both in patients with and without a previous
myocardial infarction, and in patients with and without peripheral
artery disease. Also, it has been proven that, in patients with
HFrEF, dapaglifozin improves outcome irrespective of NT-
proBNP concentration [26].

The EMPRISE study [29] and the EMPA-REG OUTCOME [29-
33] studied the effects of the SGLT-2 inhibitor empagliflozin in
patients with T2DM and established atherosclerotic disease.
Empagliflozin significantly reduced CHF. The cardiovascular
benefits were consistent when adjusted for baseline glycated
hemoglobin levels, and were independent of glucose levels and
renal function [32,33].

A recent meta-analysis [34] showed that SGLT-2 inhibitors as a
class reduce the risk of CHF by 31%; this risk reduction (ca. 30%
reduction in all groups) was consistent in patients with and
without recognized atherosclerotic disease and in patients with
and without a history of CHF. Lastly, the OPTIMIZE-HF trial
[9], the REACH registry [10], and the ongoing EMPRISE trial
[29] have also confirmed the positive effects of SGLT-2
inhibitors on CHF prevention in patients with T2DM irrespective
of the atherosclerotic disease status. Of note, the effect of SGLT-
2 inhibitors in reducing CHF is rapid and manifests before
significant metabolic effects are detectable. This indicates that
the benefits of SGLT-2 inhibitors are mainly related to
hemodynamic and metabolic effects and not directly related to
the effects on glycemia [10].
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Safety of SGLT-2 inhibitors

The current evidence in patients with T2DM suggests that SGLT-
2 inhibitors are generally well tolerated [5,11]. However, genital
infections are a common side effect of SGLT-2 inhibitors, which
typically manifests early during treatment exposure [11,31-33].
Infection can be prevented if appropriate hygiene measures are
taken, and that, should infection occur, it can be effectively
managed [35,36].

Diabetic ketoacidosis can occur in diabetic patients treated with
SGLT-2 inhibitors, although cases are very rare and mainly
associated with the use of insulin [5,11,31-33]. Current
guidelines suggest that, should symptoms of diabetic ketoacidosis
arise in patients receiving SGLT-2 inhibitors, treatment should be
discontinued immediately [36-38].

In the CANVAS trial [27-28] the overall incidence of lower limb
amputations was low, but compared to placebo, the frequency of
these events was significantly greater in patients treated with
canagliflozin. Accordingly, caution is needed when prescribing
SGLT-2 inhibitors in patients at high risk of amputation [38]. Of
note, neither the studies EMPA-REG OUTCOME with
canagliflozin [21] nor the DECLARE-TIMI 58 trial with
dapaglifozin [23-26] showed an increase in the incidence of
amputations. Furthermore, a meta-analysis [21,22] of the results
from the CANVAS [23,24], EMPA-REG OUTCOME [21] and
DECLARE-TIMI 58 [21,22] trials showed significant
heterogeneity among the three trials with respect to amputations,
suggesting that an increased risk of these events was evident only
in the CANVAS trial (with canagliflozin).

Data are also inconsistent with regard to risk of bone fractures
during SGLT-2 inhibitor treatment. Although in the CANVAS
trial [23,24] the incidence of fractures was significantly greater
with canagliflozin versus placebo this finding was not mirrored in
the EMPA-REG OUTCOME trial [21], the DECLARE-TIMI 58
trial [21,22], and the CANVAS-R trial [28], or in registry data
[38].

Conclusion

CHF is a highly debilitating pathology affecting millions of
individuals and his prevalence is going to increase due to aging
population. ACEI, ARB, B-blockers, mineralocorticoid receptor
antagonists and VALS/SAC have been shown to reduce mortality
in patients with HFrEF, unfortunately not in those with preserved
EF. SGLT-2 inhibitors have emerged as another therapeutic
option in the treatment of HFrEF, both with and without T2DM.
Ongoing trials are assessing several aspects of SGLT-2 inhibitors
in the treatment of different subtypes of CHF and may help to
provide the answer the unknown questions..

Acknowledgements

The authors thank Mrs. Jacqueline Bugmann for writing the
manuscript.

References

1. Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, et
al. Forecasting the impact of heart failure in the United States: a
policy statement from the American Heart Association.
Circ Heart Fail. 2013; 6: 606-619.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Oktay AA, Rich JD, Shah SJ. The emerging epidemic of heart
failure with preserved ejection fraction. Curr Heart Fail Rep. 2013;
10: 401-410.

Guha K, McDonagh T. Heart Failure Epidemiology: European
Perspective. Curr Cardiol Reviews. 2013; 9: 123-127.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, et al.
2016 ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure: the Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure of the European
Society of Cardiology (ESC) developed with the special
contribution of the Heart Failure Association (HFA) of the ESC.
Eur Heart J. 2016; 37 :2129-2200.

Chandramouli C, Ahooja V, Verm S. SGLT-2 Inhibitors in Heart
Failure: Current Management, Unmet Needs, and Therapeutic
Prospects. JAHS. 2019; 8 :e013389.

Lombardi C, Spigoni V, Gorga E, Dei Cas A. Novel insight into the
dangerous connection between diabetes and heart failure. Herz.
2016; 41 :201-207.

van Heerebeek L, Hamdani N, Handoko ML, Falcao-Pires I,
Musters RJ, et al. Diastolic stiffness of the failing diabetic heart:
importance of fibrosis, advanced glycation end products, and
myocyte resting tension. Circulation. 2008; 117: 43-51.

van Heerebeek L, Hamdani N, Handoko ML, Falcao-Pires I,
Musters RJ, et al. Diastolic stiffness of the failing diabetic heart:
importance of fibrosis, advanced glycation end products, and
myocyte resting tension. Circulation. 2008; 117: 43-51.

Greenberg BH, Abraham WT, Albert NM, Chiswell K, Clare R, et
al. Influence of diabetes on characteristics and outcomes in patients
hospitalized with heart failure: a report from the Organized
Program to Initiate Lifesaving Treatment in Hospitalized Patients
with Heart Failure (OPTIMIZE-HF). JACC. 2008; 52: 347-356.
Cavender MA, Steg PG, Smith SC, Eagle K, Ohman EM, et al.
Impact of diabetes mellitus on hospitalization for heart failure,
cardiovascular events, and death: outcomes at 4 years from the
reduction of atherothrombosis for continued health (REACH)
Registry. Circulation. 2015; 132: 923-931.

Wilding J, Fernando K, Milne N, Evans M, Ali A, et al. SGLT2
inhibitors in type 2 diabetes management: key evidence and
implications for clinical practice. Diabetes Ther. 2018; 9: 1757-
1773.

Barmanray, Kevat D, Ariaraiah. SGLT-2 inhibitors: practical
prescription for generalist. Medicine Today. 2020; 21: 33-27.

Lam CS, Ahooja V, Verm S. SGLT-2 Inhibitors in Heart Failure:
Current Management, Unmet Needs, and Therapeutic Prospects.
JAHA. 2019; 8: 2013389.

Aubert G, Martin OJ, Horton JL, Lai L, Vega RB, et al. The Failing
Heart Relies on Ketone Bodies as a Fuel. Circulation.
2016;133:698-705.

Falcao-Pires I, Hamdani N, Borbely A, Gavina C, Schalkwijk CG,
et al. Diabetes mellitus worsens diastolic left wventricular
dysfunction in aortic stenosis through altered myocardial structure
and cardiomyocyte stiffness. Circulation. 2011; 124: 1151-1159.
Leichman JG, Aguilar D, King TM, Vlada A, Reyes M,
Taegtmeyer H. Association of plasma free fatty acids and left
ventricular diastolic function in patients with clinically severe
obesity. Am J Clin Nutr. 2006; 84: 336-341.

Cadenas S. Mitochondrial uncoupling, ROS generation and
cardioprotection. Biochim Biophys Acta Bioenerg. 2018; 1859: 940-
950.

Bertero E, Maack C. Metabolic remodelling in heart failure. Nat
Rev Cardiol. 2018; 15: 457-470.

J Cardio Res. 2020;3(2):35

Page 3 of 4



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

*Correspondence:

Lambert R, Srodulski S, Peng X, Margulies KB, Despa F, et al.
Intracellular Na+ Concentration ([Na+]i) Is Elevated in Diabetic
Hearts Due to Enhanced Na+-Glucose Cotransport. JAHA. 2015; 4:
002183.

Ribola FA, Cangado FB, Schoueri JH, De Toni VF, Medeiros VH,
et al. Effects of SGLT2 inhibitors on weight loss in patients with
type 2 diabetes mellitus. Eur Rev Med Pharmacol Sci. 2017; 21:
199-211.

Mudaliar S, Alloju S, Henry RR. Can a Shift in Fuel Energetics
Explain the Beneficial Cardiorenal Outcomes in the EMPA-REG
OUTCOME Study? A Unifying Hypothesis. Diabetes Care. 2016;
39: 1115-1122.

Wiviott SD, Raz |, Bonaca MP, Mosenzon O, Kato ET, et al.
Dapaglifozin and cardiovascular outcomes in type 2 diabetes. N
Engl J Med. 2018; 380: 347-357.

Furtado RHM, Bonaca MP, Raz I, Zelniker TA, Mosenzon O, et al.
Dapaglifozin and cardiovascular outcomes in patients with type 2
diabetes and prior myocardial infarction: a sub-analysis from
DECLARE TIMI-58 trial. Circulation. 2019; 139: 2516-2527.
Bonaca MP, Wiviott SD, Zelniker TA, Mosenzon O, Furtado RHM,
et al. Dapagliflozin and Outcomes in Patients with Peripheral
Artery Disease: Insights from DECLARE-TIMI 58. Am Coll
Cardio. 68th Annual Scient Session and Expo. New Orleans, LA,
2019; March 16-18.

McMurray JJV, Solomon SD, Inzucchi SE, Kaber L, Kosiborod
MN, et al. Dapagliflozin in Patients with Heart Failure and Reduced
Ejection Fraction. N Engl J Med. 2019; 381: 1995-2008.

Kaber L, Docherty K, Inzucchi SE, Jhund P, Kosiborod M, et al.
Dapaglifozin Improves Outcomes Irrespective of NT-proBNP
Concentration in Patients with HFrEF: an Analysis of the DAPA-
HF Trial. JACC; 2020: 75: 675.

Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, et al.
Canagliflozin and cardiovascular and renal events in type 2
diabetes. N Engl J Med. 2017; 377: 644-657.

Mahaffey KW, Neal B, Perkovic V, de Zeeuw D, Fulcher G, et al.
Canagliflozin for primary and secondary prevention of
cardiovascular events: results from the CANVAS program
(Canagliflozin Cardiovascular Assessment Study). Circulation.
2018; 137: 323-334.

G. Cocco,

55, Fax: 0041 833 97 56

Rec: Jun 15, 2020; Acc: Jun 25, 2020; Pub: Jun 29, 2020

J Cardio Res. 2020;3(2):135
DOI: 10.36879/JCR.20.000135

Copyright © 2020 The Author(s). This is an open-access article distrib-
uted under the terms of the Creative Commons Attribution 4.0 Interna-

tional License (CC-BY).

M.D, EFESC, Cardiology Office,
Marktgasse 10A, CH-4310 Rheinfelden, Switzerland, Tel: 0041 831 45

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Patorno E, Pawar A, Franklin J, Najafzadeh M, Déruaz-Luyet A, et
al. Empagliflozin and the risk of heart failure hospitalization in
routine clinical care: a first analysis from the empagliflozin
comparative  effectiveness and safety (EMPRISE) study.
Circulation. 2019; 138: 2822-2830.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, et al.
Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2
Diabetes. N Engl J Med. 2015; 373: 2117-2128.

Fitchett DH, Udell JA, Inzucchi SE. Heart failure outcomes in
clinical trials of glucose-lowering agents in patients with diabetes.
Eur J Heart Fail. 2017; 19: 43-53.

Fitchett D, Lee J, George JT, Hehnke U, Woerle HJ, et al.
Empagliflozin reduces heart failure irrespective of control of blood
pressure, low density lipoprotein cholesterol and HbAlc.
JAHA. 2019; 8: 013389.

Fitchett D, McKnight J, Lee J. Empagliflozin reduces heart failure
irrespective of control of blood pressure, low density lipoprotein
cholesterol and HbAlc. Circulation. 2019; 139/11: 1384-1395.
Kosiborod M, Cavender MA, Fu AZ, Wilding JP, Khunti K, et al.
Lower risk of heart failure and death in patients initiated on
sodium-glucose cotransporter-2 inhibitors versus other glucose-
lowering drugs: the CVD-REAL study (Comparative Effectiveness
of Cardiovascular Outcomes in New Users of Sodium-Glucose
Cotransporter-2 Inhibitors). Circulation 2017;136: 249-259.

FDA. Drug safety communication: FDA revises labels of SGLT2
inhibitors for diabetes to include warnings about too much acid in
the blood and serious urinary tract infections. 2015.

European Medicines Agency. EMA confirms recommendations to
minimise Kketoacidosis risk with SGLT2 inhibitors for diabetes.
2016.

FDA. Drug safety communication: FDA revises labels of SGLT2
inhibitors for diabetes to include warnings about too much acid in
the blood and serious urinary tract infections. 2015.

Ueda P, Svanstrom H, Melbye M, Eliasson B, Svensson AM, et al.
Sodium glucose cotransporter 2 inhibitors and risk of serious
adverse events: nationwide register based cohort study. BMJ. 2018;
363: k4365.

J Cardio Res. 2020;3(2):35

Page 3 of 4



