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SGLT2 inhibition: An insulin-independent approach to remove 
excess glucose by reducing the renal threshold1–3

SGLT2i, sodium–glucose co-transporter 2 inhibitor
1. Marsenic O. Am J Kidney Dis 2009;53:875–885; 2. Dapagliflozin Summary of Product Characteristics; 3. Mudaliar S, et al. Diabetes Care 2016;39:1115–1122
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280 kcal/daya

Based on this MOA, 
the following occur3:

• Diuresis
• Natriuresis
• HbA1c reduction
• Weight loss
• SBP reduction



Metabolic, Cardiovascular, and 
Renal Improvements

Key Physiological Effects of SGLT-2 Inhibition

HbA1C=hemoglobin A1C; SGLT-2=sodium-glucose co-transporter 2; SGLT-2i=sodium-glucose co-transporter 2 inhibitor.
1. Heerspink HJL, et al. Kidney Int. 2018;94(1):26-39. 2. van Baar MJB, et al. Diabetes Care. 2018;41(8):1543-1556. 3. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 
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W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286; Heerspink et al., Circulation. 2016;134:752–772. DOI: 10.1161/CIRCULATIONAHA.116.021887; Kidokoro K, et al. 
Circulation 2019;140:303–315

1) RENAL TUBULAR EFFECTS

In vivo imaging showed that SGLT2i therapy
increased afferent arteriole tone
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Effects of SGLT2 inhibition on cardiorenal pathophysiology



SGLT2 inhibition and RAAS blockade both reduce glomerular 
hyperfiltration by complimentary mechanisms1-3

SGLT2, sodium-glucose cotransporter 2; Na, sodium; RAAS, renin-angiotensin-aldosterone system.
1. Van Bommel EJ, et al. Clin J Am Soc Nephrol. 2017;12(4):700-710. 2. Seidu S, et al. Prim Care Diabetes. 2018;12(3):265-283. 3. Cherney DZ, et. al. Circulation. 
2014 Feb 4;129(5):587-97. 4. Heerspink HJ, et al. Diabetes Care. 2011;34 Suppl 2:S325-9. 5. Adapted from: Shiraishi M, et al. FASEB J. 2003;17(15):2284-6.

CLINICAL IMPLICATIONS

Efferent vasodilation1

SGLT2 inhibitors 

RAAS blockade

• Decreased glomerular 
pressure1,3

• Reduction in albuminuria1,2

• Decreased glomerular 
pressure1,3

• Reduction in albuminuria4

Afferent 
constriction1-3

Due to increased Na+ delivery 
to the macula densa1-3
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W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286; Verma S, McMurray JJV. Diabetologia. 2018;61:2108-2117; Serenelli M et al. Eur Heart J. 2020;41:3402-3418.

2) VASCULAR & HAEMODYNAMIC EFFECTS

Loop diureticsSGLT2 inhibitors

Effects of SGLT2 inhibition on cardiorenal pathophysiology



W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286

3) OTHER RENAL EFFECTS

1. ↑ HIF-1 ->  ↑ Erythropoietin
2. Reduced inflammatory cytokines
3. Reduced ATP consumption 

Effects of SGLT2 inhibition on cardiorenal pathophysiology



SGLT2i

ß-OHB is a «superfuel» that is oxidized by the heart in preference to FFA 
and glucose, and not only improves cardiac function in the failing heart, 
but also increases mechanical efficiency.

4) METABOLIC EFFECTS

Effects of SGLT2 inhibition on cardiorenal pathophysiology



Effects of SGLT2 inhibition on cardiorenal pathophysiology

W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286



What Is Heart Failure? 

ACC = American College of Cardiology; AHA = American Heart Association; EF = ejection fraction; ESC = European Society of Cardiology; HF = heart failure; HFimpEF = heart failure with 
improved ejection fraction; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; 
HFSA = Heart Failure Society of America; LVEF = left ventricular ejection fraction.
1. Bozkurt B et al. Eur J Heart Fail. 2021;23(3):352-380; 2. McDonagh TA et al. Eur Heart J. 2021;42(36):3599-3726; 3. Heidenreich PA et al. J Am Coll Cardiol. 2022;79(17):e263-e421.

HF Categories According to LVEF

Clinical syndrome with symptoms 

and/or signs caused by a structural 

and/or functional cardiac abnormality 

and corroborated by elevated 

natriuretic peptide levels and/or 

objective evidence of pulmonary or 

systemic congestion.

Proposed Universal Definition of HF1
ESC2

HFimpEF
HF with 

improved EF

AHA/ACC/HFSA3

Previous 
LVEF ≤40% 

and follow-up 
LVEF >40%

HFrEF
HF with 

reduced EF

HFmrEF
HF with mildly 

reduced EF

HFpEF
HF with 

preserved EF

LVEF ≤40% LVEF 41-49% LVEF ≥50%

HFrEF
HF with 

reduced EF

HFmrEF
HF with mildly 

reduced EF

HFpEF
HF with 

preserved EF

LVEF ≤40% LVEF 41-49% LVEF ≥50%



Differences in HF Pathophysiology1-3

CAD = coronary artery disease; HF = heart failure; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; HTN = 
hypertension; LV = left ventricular; LVEF = left ventricular ejection fraction.
1. Bloom MW et al. Nat Rev Dis Primers. 2017;3:17058; 2. Borlaug BA. Nat Rev Cardiol. 2014;11:507-515; 3. Redfield MM. N Engl J Med. 2016;375:1868-1877.

~2/3 of cases 
are due to CAD

• Abnormal contractility
• LV remodeling

• LVEF ≤40%
• LV dilation

HFrEF 
LV contraction is reduced resulting in 

inadequate cardiac output.

HFpEF

• Stiff, thickened walls
• Normal contractility
• Concentric LV hypertrophy

• Normal LVEF (≥50%)
• No LV dilation

Substantial 
pathophysiologic 

heterogeneity

LV filling is reduced so that, even though 
LVEF is normal, cardiac output is reduced.



HF is a growing public health problem, with high morbidity and mortality

aIn developed countries.
1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Lancet. 2018;392(10159):1789-1858; 2. Cowie MR et al. ESC Heart Fail. 2014;1(2):110-145; 
3. Groenewegen A et al. Eur J Heart Fail. 2020;22(8):1342-1356; 55; 4. Jones NR et al. Eur J Heart Fail. 2019;21(11):1306-1325; 5. Setoguchi S et al. Am Heart J. 2007;154(2):260-266;

The 5-year mortality 
rate for patients with 
HF is ~50%4

HF is the number 
one cause of 
hospitalization 
in people >65 years2,a

hHF is projected to 
rise by ~50% over 
the next 25 years3

Mortality significantly 
increases after each 
HF readmission5

HF affects 
~64 million 

people 
worldwide1

BURDEN HOSPITALIZATION MORTALITY

Over 50% of patients 
with HF have HFpEF2



Progressione dello scompenso cardiaco

Modificato da Georghiade et al. 2005.



ESC 2021 Guidelines HFrEF



ESC 2021 Heart Failure Guidelines: Dapagliflozin is Recommended in 
Patients with HFrEF to Reduce the Risk of HF Hospitalization and 
Mortality

aClass of recommendation; bLevel of evidence.
ACEI = angiotensin-converting enzyme inhibitor; ESC = European Society of Cardiology; HF = heart failure; HFrEF = heart failure with reduced ejection fraction; MRA = 
mineralocorticoid receptor antagonist.
McDonagh TA et al. Online ahead of print. Eur Heart J. 2021. 

Recommendations Classa Levelb

An ACEI is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death. I A
A beta-blocker is recommended for patients with stable HFrEF to reduce the risk of HF hospitalization 
and death.

I A

An MRA is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death. I A
Dapagliflozin or empagliflozin are recommended for patients with HFrEF to reduce the risk of HF 
hospitalization and death.

I A

Sacubitril/valsartan is recommended as a replacement for an ACEI in patients with HFrEF to reduce the 
risk of HF hospitalization and death.

I B



I pilastri della terapia HFrEF 2021



In clinical practice, patients without 
contraindications appear to gain most benefit 
from combined treatment with the ‘fantastic 
four’: an ARNI, a beta-blocker, an MRA, and an 

SGLT2 inhibitor.

J.bauersachs; European Heart Journal (2021) 42,681-683



First and Largest SGLT2i HFrEF Trial 
to Successfully Improve Outcomes and Symptoms2,5

N=4744

DAPA-HF Overview5

55%
No T2D

45%
T2D

1:
1
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ub
le
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d

Inclusion Criteria: ≥18 years with or without T2D, 
LVEF ≤40%, NYHA class II-IV, elevated NT-proBNP, 

eGFR ≥30 mL/min/1.73 m2, stable SoC HFrEF treatment

DAPA 10 mg
n=2373

Placebo
n=2371

Significant Reduction in Composite
of CV Death or Worsening HF5,b

26% RRR
HR 0.74 (0.65-0.85)

p<0.001

NNT=21

CV Death6
18% RRR
p=0.029

hHF6
30% RRR
p=0.00003
[Includes urgent HF visits]

DAPA-HF Safety5,7
DAPA was well-tolerated in patients with and without T2D 

Adverse events rarely led to discontinuation of treatment
No events of major hypoglycemia or DKA in patients without T2D

Risk of both first and 
recurrent hHF events13

HF symptom improvement 
more common and deterioration
less common14

Significantly reduced risk
of CV death or worsening 

HFb as early as15
Day   
28

Consistent Benefit Across a Broad 
and Representative Population

T2D/No T2D7

Background HF therapy8

Diuretic use and dose9

Baseline LVEF10

NT-proBNP11

eGFR12

Reduction in all-cause 
mortality (p=0.022c)6



Empagliflozin and health-related quality of life outcomes in patients with heart failure with reduced ejection fraction: the EMPEROR Reduced trial  

European Heart Journal (2021) 42, 1203–1212 CLINICAL RESEARCH doi:10.1093/eurheartj/ehaa1007



SGLT2i Early Use

«When Sequence 2 was compared with the 
standard approach (Sequence 1), the 

number of patients who could have avoided 
an event* was almost doubled, thanks to  
increased titration rate and drug order 

modification. 

* CV death or hospitalization for HF

Li Shen et Al. European Heart Journal (2022) 43 2573-2587



SGLT2i Early Use

Li Shen et Al. European Heart Journal (2022) 43 2573-2587



SGLT2i use in acute and chronic HF



Patients-centered benefits

Safety and Tolerability

In-Hospital Initiation of SGLT2i for HFrEF

2021 Rao et al., J AM Coll Cardiol. 2021;78(20):2004-2012



Changes in LVEF Occur Over Time and Are Associated With Specific 
Patient Characteristics

Data from patients with ≥2 EF measurements in the SwedeHF study (N=4942) between May 2000 and December 2012.
aReference uses the term HF with midrange EF (EF 40-49%) for this group; bEF decrease; cEF increase. 
EF = ejection fraction; HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced 
ejection fraction; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal pro-B-type natriuretic peptide. 
Savarese G et al. JACC Heart Fail. 2019;7:306-317.

HFrEF
LVEF <40%

HFmrEFa
LVEF 40-49%

HFpEF
LVEF ≥50%

Factors associated with progressionb:
Diabetes, ischemic heart disease, 
lack of specialized HF follow-up, 
higher NT-proBNP levels

Factors associated with recoveryc:
Younger age, female, lower HF severity, 
shorter HF duration, fewer comorbidities 

ProgressionbProgressionb

RecoverycRecoveryc

Previous LVEF ≤40% 
and a follow-up 

measurement of LVEF 
>40%

HFimpEF



HFrEF and HFpEF Share Many Comorbidities and Risk Factors, 
While Others Differ

COPD = chronic obstructive pulmonary disease; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction.
Simmonds SJ et al. Cells. 2020;9:242. 

HFrEF HFpEF

Volume    
overload

Myocarditis

Myocardial 
infarction

COPD

Inflammation

Age

Kidney disease

Obesity

Hypertension

Type 2 Diabetes
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab368)

Recommendations for the treatment of patients with heart failure with 
preserved ejection fraction
Recommendations Class Level
Screening for, and treatment of, aetiologies, and cardiovascular and non-
cardiovascular comorbidities is recommended in patients with HFpEF (see 
relevant sections of this document).

I C

Diuretics are recommended in congested patients with HFpEF in order to alleviate 
symptoms and signs. I C
HFpEF = heart failure with preserved ejection fraction.



Class 1A recommendation to reduce 
hospitalization for HF and mortalitya

First Line Therapy 
with ACEI/ARNIb, beta-blockers and MRA
Initiate during hospitalization and 
promptly optimize

Guidelines Consistently Recommend SGLT2i as Class 1A Therapy for HFrEF1,2

aAHA/ACC/HFSA guidelines recommend SGT2i to reduce the risk of hospitalization for HF and CV mortality; bAHA/ACC/HFSA guidelines also recommend ARB to reduce morbidity and mortality in patients with previous or 
current symptoms of chronic HFrEF who are intolerant to ACEI because of cough or angioedema and when the use of ARNI is not feasible.
ACC = American College of Cardiology; ACEI = angiotensin-converting enzyme inhibitor; AHA = American Heart Association; ARB = angiotensin-receptor blocker; ARNI = angiotensin-receptor neprilysin inhibitor; CV = 
cardiovascular; ESC = European Society of Cardiology; HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with 
reduced ejection fraction; HFSA = Heart Failure Society of America; MRA = mineralocorticoid receptor antagonist; SGLT2i = sodium-glucose cotransporter 2 inhibitor.
1. McDonagh TA et al. Eur Heart J. 2021;42:3599-3726; 2. Heidenreich PA et al. J Am Coll Cardiol. 2022;79(17):e263-e421.

2022 AHA/ACC/HFSA Guidelines also recommend SGLT2i for the treatment of HFmrEF and HFpEF





DELIVER: The largest and broadest trial to date in patients with LVEF >40%1

1. Solomon SD et al. JACC Heart Fail. 2022;10(3):184-197; 2. Solomon SD et al. N Engl J Med. 2022.

Primary endpoint2

Composite of CV death 
or worsening HF (hHF or 
an urgent HF visit):
• Full patient population
• Patients with LVEF <60%

Secondary endpoints2

• Total number of hHF (first and 
recurrent) and CV death 

• Change in KCCQ-TSS from 
baseline to 32 weeks 

• CV death
• All-cause mortality

1:1 randomization

DAPA 10 mg Placebo

Median follow-up: 2.3 years

N=6263
• LVEF >40% and evidence of 

structural heart disease
• Elevated NT-proBNP
• Ambulatory or hospitalized
• eGFR ≥25 mL/min/1.73 m2 54%

Average LVEF
1011 pg/mL

Median NT-proBNP

50%
With an eGFR

<60 mL/min/1.73 m2

Baseline characteristics1,2

55%
Without T2D

~18%
With prior LVEF ≤40%

16%
Hospitalized or 

discharged <90 days

1,2

75%
NYHA class II

72 years
Mean Age



DELIVER: Dapagliflozin significantly reduced the risk of CV death and 
worsening HFa in patients with HFmrEF and HFpEF1

CV death Worsening HFa

21RRR
%

3.7% ARR

12RRR
%

1% ARR

18 RRR
%

3.1% ARR
p=0.0008

CV Death or 
Worsening HFa

Consistent benefit in the primary 
endpoint across key subgroups 

All-cause 
mortality

6 RRR
%

~1% ARR

All-cause 
mortality was 

also reduced in 
the dapagliflozin 

group

0.88 (0.74, 1.05) 0.79 (0.69, 0.91)

0.94 (0.83, 1.07)

aNominal significance at Day 13 (HR, 0.45; 95% CI, 0.20-0.99; p=0.046), with sustained statistical significance starting at Day 15. 
1. Solomon SD et al. N Engl J Med. 2022;387(12):1089-1098

Quality of life

2.4 Points 
TSS-KCCQ

P<0.001



Major guidelines recommend SGLT2 inhibitors across HFrEF, HFmrEF, 
and HFpEF to reduce hHF and CV mortality1,2

a2021 ESC HF guidelines recommend dapagliflozin or empagliflozin in patients with HFrEF to reduce the risk of hHF and death. These guidelines were released before full results of SGLT2 inhibitor trials 
in patients with HFmrEF or HFpEF, with or without T2D, were available.1,4-6

1. McDonagh TA et al. Eur Heart J. 2021;42(36):3599-3726; 2. Heidenreich PA et al. J Am Coll Cardiol. 2022;79(17):e263-e421; 3. Ghazi L et al. J Am Coll Cardiol. 2022;79(22):2203-2213; 4. Anker SD et 
al. N Engl J Med. 2021;385:1451-1461; 5. Nassif ME et al. Nat Med. 2021;27:1954-1960; 6. Solomon SD et al. Online ahead of print. N Engl J Med. 2022.

a HF type COR LOE
HFrEF (LVEF ≤40%) I A

HF type COR LOE
HFrEF (LVEF ≤40%) 1 A
HFmrEF (LVEF 41-49%) 2a B-R
HFpEF (LVEF ≥50%) 2a B-R

GDMT use, including SGLT2 inhibitors, is suboptimal3



G Ital Cardiol 2023;24(1):66-74



G Ital Cardiol 2023;24(1):66-74



European Heart Journal - Cardiovascular Pharmacotherapy (2021) 0, 1–11
https://doi.org/10.1093/ehjcvp/pvab056

Cardio-Renal Mechanisms of benefit of SGLT2 inhibitors

• Empire HF
• EMPA-TROPISM

• Reduce interstitial volume 
rather than intravascular 

↓ oxydative 
stress↓



SGLT2: sodium-glucose cotransporter 2, LV: left ventricular; HHF: hospitalisation for heart failure; TGF: tubuloglomerular feedback
1. Giugliano et al. Cardiovasc Diabetol (2021) 20:17; 2. Barutta et al., Diabetes Metab Res Rev. 2019;e3171; 3. Margonato D et al., Heart Failure Reviews (2021) 26:337–
345; 4. Sano M et al., J Clin Med Res. 2016;8(12):844-847, 
5. Zinman B et al. N Engl J Med 2015:373:2117; 6. Wanner C et al. N Engl J Med 2016;375:323

Gli effetti degli inibitori SGLT2 sul sistema cardio-renale-metabolici 
possono essere mediati da molteplici meccanismi

Effetti intermedi Effetti a valleSGLT2 inhibitors
(insulin-independent)

Pressione intraglomerulare
(via TGF) 2

LV stress parete/ 
LV massa 3

Ematocrito 4Infiammazione e stress
ossidativo (fibrosi) 2

Precarico
(diminuzione

Volume interstiziale) 3

Bioenergetica 2

Postcarico (migliora
la funzione vascolare)

3

Inibizione dei recettori di 
scambio del Na+/H+ (2)

Escrezione
di glucosio 1

Natriuresi 1

Diuresi 1

Na+

Aumento della nefropatia6

↓39%

HHF 5
↓35%

Mortalità per tutte le cause5

↓32%

Morte CV 5
↓38%

3P-MACE 5

↓14%






