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HFpEF is the most common form of HF worldwide

Reduced EF (≤40%), 
32.6%

Mildly Reduced EF 
(41─49%), 15.6%

Preserved EF (≥50%), 
51.8%

HFpEF accounts 
for ~50% 
of HF cases1

by ~1%
annually

Prevalence of HFpEF vs HFrEF2

Gap expected to widen due to2:

• Aging population 
• >70% of HF patients older than 

65 years have HFpEF

• Increasing prevalence of conditions 
associated with the development of HFpEF 
(e.g., obesity, insulin resistance, T2D)

HF subtypes in the US1

EF, ejection fraction; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection 
fraction; T2D, type 2 diabetes; US, United States 
1. Gurwitz JH et al. Am J Med 2013;126:393–400; 2. Borlaug BA. Nat Rev Cardiol 2020;7:559–573



Outcomes at 1 year 
in outpatients with 
heart failure in the 
ESC Heart Failure 
Long-Term Registry

Eur J Heart Fail 2017;19:1574-85



Is heart failure misdiagnosed in hospitalized patients with preserved ejection fraction?  
From the European Society of Cardiology - Heart Failure Association EURObservational Research Programme Heart Failure Long-Term Registry

A

B

Kapłon-Cieślicka A et al. ESC Heart Failure 2020 



Different Diagnostic Algorythm

Pieske B. et Al., European Heart Journal, 
2019

Reddy M. et Al., Circulation, 2018



Differences in HF Pathophysiology

~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. 





HFpEF, heart failure with preserved ejection fraction; LV, left ventricular  
Simmonds SJ, et al. Cells 2020;9:242

HFpEF

Risk factors and comorbidities involved in the development of HFpEF

Obesity Metabolic risk-induced 
inflammation

Chronic obstructive 
pulmonary disease

Concentric LV 
remodeling Sleep apnea Anemia Liver disease

HypertensionDiabetes AgeKidney disease CancerFemale sex Atrial 
fibrillationGout

HFpEF has many comorbidities and risk factors 



HFpEF

 Lancet 2024; 403: 1083–92 



BNP, B-type natriuretic peptide; CV, cardiovascular; CVP, central venous pressure; LV, left ventricular; PAH, pulmonary artery hypertension Galli E 
et al. Heart Failure Clin 17 2021;499–518

Main HFpEF 
clusters 

identified 
across 

different 
studies



Fenotipi più comuni di HFpEF

CKD, chronic kidney disease; IBD, inflammatory bowel disease 
Picture adapted from Schiattarella, G.G., Alcaide, P., Condorelli, G. et al. Immunometabolic mechanisms of heart failure with preserved ejection fraction. Nat Cardiovasc Res 1, 211–222 (2022)

Aging

CKD
IBD

Psoriasis

Central 
adiposity

Rheumatoid 
arthritis

Cardiorenal HEpEF Autoimmune/inflammatory HFpEF Cardiometabolic HFpEF



HFpEF Is a Systemic Syndrome

12

Comorbidities induce 
systemic inflammation

Obesity

Hypertension

Type 2 Diabetes

Renal Insufficiency

Multi-organ involvement 
leads to diverse         HFpEF 

phenotypes

Pulmonary 
hypertension

Renal sodium 
retention

Deficient skeletal 
muscle O2 extraction 

during exercise

Myocardial 
remodeling

Endothelium-Cardiomyocyte Signaling

cGMP = cyclic guanosine monophosphate; Fpassive = passive force; HFpEF = heart failure with preserved ejection fraction; LV = left ventricular; NO = nitric oxide; O2 = oxygen; ONOO- = peroxynitrite; PKG = 
protein kinase G; ROS = reactive oxygen species; sGC = soluble guanylate cyclase; TGF-β = transforming growth factor β; VCAM = vascular cell adhesion molecule.  
Adapted from Shah SJ et al. Circulation. 2016;134:73-90.



 Pathophysiology of the Cardiovascular-Kidney-Metabolic (CKM) syndrome: A 
Scientific Statement From the American Heart Association

Ndumele CE, Neeland IJ, Tuttle KR, Chow SL, Mathew RO, Khan SS, Coresh J, Baker-Smith CM, Carnethon MR, Després JP, Ho JE, Joseph JJ, Kernan WN, Khera A, 
Kosiborod MN, Lekavich CL, Lewis EF, Lo KB, Ozkan B, Palaniappan LP, Patel SS, Pencina MJ, Powell-Wiley TM, Sperling LS, Virani SS, Wright JT, Rajgopal Singh R, Elkind 

MSV, Rangaswami J; American Heart Association. . Circulation. 2023 Nov 14;148(20):1636-1664. 



Localization and measurement of  
epicardial adipose tissue (EAT)

Choy M, Huang Y, Peng Y, Liang W, He X, Chen C, Li J, Zhu W, Wei FF, Dong Y, Liu C, Wu Y. Association between epicardial 
adipose tissue and incident heart failure mediating by alteration of natriuretic peptide and myocardial strain. BMC Med. 2023 

Mar 29;21(1):117. doi: 10.1186/s12916-023-02836-4. PMID: 36978080; PMCID: PMC10053458.



The Adipokine Hypothesis of HFpEF

Packer M. J Am Coll Cardiol. 2025 Aug 19:S0735-1097(25)07049-4. 



Heart failure with preserved ejection fraction: from 
mechanisms to therapies

Lam CS et al Eur H J 
2018



Sodium Glucose Cotransporter 2 Inhibitors

• Phlorizin, mixed SGLT1-2 and 	
inhibitor discovered 150 yrs ago 

• First tested in 1930s, found to 	
cause glucosuria and lower BG 

• Not used in humans due to lack 	
of selectivity and poor absorption 

• Clinical development eventually 	
led to selective SGLT2i 

• Dapagliflozin first approved for T2D in EU (2011), canagliflozin in the 	 US 
(2013)



SGLT2-I RCTs time line





CV death or HF hospitalization





SGLT2 Inhibition and Mechanisms in HFpEF

NHE, Sodium-hydrogen exchange; TGF, Transforming growth factor 
Modified from Verma S, McMurray JJV, Cherney D. JAMA Cardiol 2017;2:939

Direct effects 
on NHE 

Adipokines 

Fibrosis

• Improved 
hemodynamics 
– Diuresis 
– Natriuresis 
– Afterload reduction 
– Lower PA pressure

• LV remodeling

• Myocardial energetics 
and metabolomics

• Nephroprotection



Remaining glucose is 
reabsorbed by SGLT-1 

(10%)

Proximal tubule

Glucose 
filtration

Reduced glucose and sodium 
reabsorption SGLT-2

Increased urinary 
excretion of excess 

glucose

SGLT-2 

Glucos

e 

Sodium 

SGLT-2 inhibitor

SGLT-2 Inhibitors Block SGLT-2 and Reduce 
Glucose and Na+ Reabsorption1–3

1. Marsenic O. Am J Kidney Dis 2009;53:875–85; 
2. FORXIGA. Summary of Product Characteristics 2019. Available at: https://www.medicines.org.uk/emc/product/2865/smpc (accessed May 2019); 
3. Mudaliar S et al. Diabetes Care 2016;39:1115–22

Decrease in intracellular 
sodium concentration

Based on this MOA, the 
following occur3: 
• Diuresis 
• Natriuresis 
• HbA1c reduction 
• Weight loss 
• SBP reduction



SGLT2 Inhibition and Diuretic Effects

Testani et al, Circulation 2020



Effects on Urine Volume in Acute HF

Schulze et al, Circulation 2022



Proportion of Patients Who Experienced Improvement versus No 
Change/Deterioration in Lung Fluid Volume

• No significant difference in mean 
adjusted LFV at 12 weeks with 
dapagliflozin vs. placebo (34% vs. 
35%, p = 0.3) 

• Significantly fewer dapagliflozin-
treated patients experienced no 
change/ deterioration in LFV -- 
and a greater proportion of 
dapagliflozin-treated patients had 
an improvement in LFV
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Adjusted p=0.0463.2%
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SGLT2 Inhibition and Mechanisms in HFpEF

NHE, Sodium-hydrogen exchange; TGF, Transforming growth factor 
Modified from Verma S, McMurray JJV, Cherney D. JAMA Cardiol 2017;2:939

Direct effects 
on NHE 

Adipokines 

Fibrosis

• Improved 
hemodynamics 
– Diuresis 
– Natriuresis 
– Afterload reduction 
– Lower PA pressure

• LV remodeling

• Myocardial energetics 
and metabolomics

• Nephroprotection



SGLT2 Inhibition and LV 
Remodeling

Verma S et al Circulation 2019



NHE, Sodium-hydrogen exchange; TGF, Transforming growth factor 
Modified from Verma S, McMurray JJV, Cherney D. JAMA Cardiol 2017;2:939

Direct effects 
on NHE 

Adipokines 

Fibrosis

• Improved 
hemodynamics 
– Diuresis 
– Natriuresis 
– Afterload reduction 
– Lower PA pressure

• LV remodeling

• Myocardial energetics 
and metabolomics

• Nephroprotection

SGLT2 Inhibition and Mechanisms in HFpEF



SGLT2 Inhibition and 
Metabolomics in HF

Selvaraj S et al Circulation 2022



NHE, Sodium-hydrogen exchange; TGF, Transforming growth factor 
Modified from Verma S, McMurray JJV, Cherney D. JAMA Cardiol 2017;2:939

Direct effects 
on NHE 

Adipokines 

Fibrosis

• Improved 
hemodynamics 
– Diuresis 
– Natriuresis 
– Afterload reduction 
– Lower PA pressure

• LV remodeling

• Myocardial energetics 
and metabolomics

• Nephroprotection

SGLT2 Inhibition and Mechanisms in HFpEF



SGLT2i  exert a hemodynamic effect within the kidney

• By restoring the Tubulo-Glomerular Feedback (TGF), empagliflozin increases the afferent arteriole 
tone, thereby lowering glomerular hypertension1,2

• SGLT, sodium glucose cotransporter; GFR, glomerular filtration rate. 

• 1. Adapted from: Cherney D et al. Circulation 2014;129:587  
2. Skrtic M et al. Diabetologia 2014;57:2599

Action: Clinical implications:

SGLT2 inhibition

Afferent arteriole narrowing

• Glomerular pressure 
decreases  

• Early clinical marker:  
– Initial dip in GFR 
– Reduction of albuminuria

narrowing



Proposed framework by which SGLT2 inhibitors might exert 
cardioprotective and nephroprotective effects by acting to 
mute renal sympathetic nerve activity and promote natriuresis 
and osmotic diuresis.

Packer M. Critical Reanalysis of the Mechanisms Underlying the 
Cardiorenal Benefits of SGLT2 Inhibitors and Reaffirmation of the 
Nutrient Deprivation Signaling/Autophagy Hypothesis. Circulation. 
2022 Nov;146(18):1383-1405. doi: 10.1161/
CIRCULATIONAHA.122.061732



Rate of decline in eGFR in 
EMPEROR-PRESERVED

CI, confidence interval; eGFR, estimated glomerular filtration rate 
Anker SD et al. N Engl J Med 2021;DOI:10.1056/NEJMoa2107038

The mean slope change in eGFR 
per year was: 

–2.62 mL/min/1.73 m2 on 
placebo 

–1.25 mL/min/1.73 m2 on 
empagliflozin 

p<0.001A
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Time from randomisation (weeks)

Placebo

Empagliflozin

-10

-8

-6

-2

0

4 12	 32	 52	 76	 100	 124	 148 172

Between-group difference in slope: 
1.36 mL/min/1.73 m2 per year 
(95% CI: 1.06‒1.66) 
p<0.001

No. with data at visit
Placebo 2911 2887 2759 2488 2333 1996 1443 1014 637 209
Empagliflozin 2925 2893 2785 2521 2343 1970 1431 1039 620 212



First Kidney Composite

≥50% sustained decline in eGFR, and stage renal disease (ESRD) or renal death

CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HF, heart failure; HHF, heart failure hospitalization; 
HR, hazard ratio; SGLT2i, sodium glucose like co-transporter 2 inhibitor Zannad F et al. Lancet, 2020, https://doi.org/10.1016/ 
S0140-6736(20)31824-9

SGLT2i	 Placebo 

n with event/N analysed (%)	 HR (95% CI)

EMPEROR-Reduced 18/1863 
(1.0)

33/1867 (1.8)	 0.52 (0.29, 
0.92)

DAPA-HF 28/2373 
(1.2)

39/2371 (1.6)	 0.71 (0.44, 
1.16)

Total 0.62 (0.43, 0.90)
Test for overall treatment effect, p=0.0128 
Test for heterogeneity of effect, p=0.42

HR = 0.62 (0.43, 0.90) 0.3 0.5 1.0 2.0



SGLT2i

Butler J et al Eur J Heart fail 2020



DOI: 10.1056/NEJMoa2107038

Figure 1. Primary Outcome, a Composite of Cardiovascular Death or Hospitalization for Heart Failure. 
The estimated cumulative incidence of the primary outcome in the two groups is shown. The inset shows 
the same data on an expanded y axis.Figure 3. Hospitalizations for Heart Failure. 

The mean number of events per patient for the first secondary outcome (total [first and recurrent] 
hospitalizations for heart failure) in the two groups is shown.



N Engl J Med. 2022 Aug 27. doi: 10.1056/NEJMoa2206286.





Body mass index and cardiorenal outcomes in EMPEROR-Preserved: 
Principal findings and meta-analysis with the DELIVER trial

Sattar N, Butler J, Lee MMY, Harrington J, Sharma A, Zannad F, Filippatos G, Verma S, Januzzi JL, 
Ferreira JP, Pocock SJ, Pfarr E, Ofstad AP, Brueckmann M, Packer M, Anker SD. Eur J Heart Fail. 2024 

Apr;26(4):900-909.



KCCQ Clinical 
Summary Score

Nassif et al Nature Medicine 2021

KCCQ Clinical Summary Score 
(KCCQ-CS)

KCCQ Total Symptom Score 
(KCCQ-TS)

KCCQ Physical Limitations 
Score (KCCQ-PL)



6 Minute Walk Test

Effect Size = 
20.1 (5.6-34.7) meters 

P=0.007

Nassif et al Nature Medicine 2021



Benefit of SGLT2i is Consistent,  
With no Attenuation, Across LVEF1,2

• aData utilizing linear modelling to ensure consistency across trials; bAll data is in 
comparison to placebo, except for ARNI which is in comparison to enalapril or 
valsartan.  

• 1. Kondo T et al. Eur Heart J. 2022;43(5):427-429; 2. In House Data, AstraZeneca.
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Pooled DAPA-HF + DELIVER Pooled EMLPEROR REDUCED + PRESERVED



HFrEF

HFpEF

HFmrEF

Dapagliflozin/ 
Empagliflozin 

(Class I)

Dapagliflozin/ 
Empagliflozin 

(Class I)

Dapagliflozin/ 
Empagliflozin 

(Class I)

MRA 
(Class I)

Beta-
blockers 
(Class I)

ACEI/ARNI/ARB 

(Class I)

Diuretics for 
fluid retention 

(Class I)

Diuretics for 
fluid retention 

(Class I)

ACEI/ARNI/ARB 

(Class IIb)
MRA 

(Class IIb)

Beta-
blockers 

(Class IIb)

Treatment for 
eatiology, CV 
and no-CV 

comorbodities 
(Class I)

Management of patients

Adapted from: McDonagh TA et al. Eur Heart J. 2021; McDonagh TA et al. Online ahead of print. Eur Heart J. 2023.

ESC Heart Failure Guidelines focus update 2023: 
SGLT2i across the LVEF spectrum





Conclusions
• HFpEF now represents majority of HF in the community 

– High risk for clinical events, high burden of symptoms, 
physical limitations, and poor quality of life 

• Heterogeneous disease with multiple phenotypes 
• Great need for efficacious and safe therapies that address most of 

the underlying mechanisms 
• SGLT2i provide effective decongestion, with favorable effects on LV 

remodeling and energetics and provide nephroprotection 
• These translate to significant clinical benefits and positions the class 

well to become foundational therapy in HFpEF



Grazie per l’attenzione

Prof. Nodari Savina


