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Type 2 diabetes and heart failure: 
Effect of the SGLT2 inhibitors 



Old disease, new threats: 

Dark past and brighter future ?

Ebers papyrus (1550 BC), Egyptian medical report 

on a condition of "passing too much urine"

Discovered in 1862 by George Ebers, German Egyptologist



Global epidemy of diabetes: worrisome predictions

• Prevalence, n= 424.9 million (8.8% 
of adults).

• Expected to rise to 1.5x by 2045.

• Undiagnosed diabetes, 50% of all 
patients.

• Responsible for 10.7% of all-cause 
mortality.

• T2DM: the most common type of 
diabetes (90% of all patients).

Source: IDF Diabetes Atlas - 8th edition (http://www.diabetesatlas.org/across-the-globe.html)

Number of people with diabetes in 2017 and estimates for 2045



Lundbaek K. Lancet 1954

Knud Lundbæk 

(1912-1995)



Multivariable analysis of risk factors associated with 
microvascular and macrovascular complications

Cardiovasc Diabetol. 2018; 17: 150

Microvascular complications Macrovascular complications

• Microvascular and macrovascular complications in type 2 diabetes develop relatively early in the disease process. 

DISCOVER-global, prospective, observational study program of 15,992 pts with type 2 diabetes 
initiating second-line therapy, conducted across 38 countries



Cardiovascular disease in diabetes 

Coronary 
artery 

disease

Heart 
failure
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vascular 
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Shah AD et al. Lancet Diabetes Endocrinol. 2015;3(2):105-13.

• 1,921.260 individuals, 34.198 (1,8%) with 

T2DM, follow-up 5.5 years

• Adjusted hazard ratios (HRs) for CVD initial 

presentations in T2DM



Diabetes confers an excess 
risk of heart failure 

regardless of other risk 
factors

▪ N=271,174 pts with T2DM from the Swedish 
National Diabetes Register and n=1,355,870 
matched controls without T2DM.

▪ Unlike other CV complications, the risk of 
developing HF in patients with T2DM remains 
high even after controlling multiple risk factors.

▪ The risk appears to be particularly high in 
younger patients with T2DM.

Rawshani A et al. N Engl J Med 2018;379:633-44.



Diabetes duration is important determinant of HF risk

Echouffo-Tcheugui, J.B. et al. J Am Coll Cardiol HF. 2021;9(8):594–603. 

▪ 9,734 participants (mean 

age 63 years, 58% women) 
from the ARIC study 
without HF or coronary 
heart disease. 

▪ In patients with T2DM, 
duration of T2DM was 
calculated.

▪ Each 5-year increase in 
T2DM duration was 
associated with a 17% (95% 
CI: 11-22) relative increase 
in HF risk.







Seferović P et al. Eur J Heart Fail. 2024 Sep;26(9):1893-1903



Segar, M.W. et al. J Am Coll Cardiol. 2021;78(16):1587–1598.   Januzzi JL, et al. Cardiovasc Diabetol. 2024;23(1):49.  

Diabetic myocardial disorder is highly prevalent in 
patients with diabetes without ACVD

▪ US observational data: T2DM 

without ACVD or HF (n=2900) - the 
prevalence  diabetic myocardial disorder 

12% to 67% depending upon the criteria 

used. 

▪ ARISE-HF trial -  most frequently 

observed abnormalities:
✓ Impaired GLS (25.3%)
✓ Diastolic dysfunction (17.7%), 
✓ Left atrial enlargement (11.9%),
✓ LVH (11.9%)
✓ Increased RV systolic pressure(3.9%), 
✓ ↑ NP (26.6%) and hs-Tn (20.4%) levels.
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who had T2D for 

5 years* (N=386) 

showed signs of 

asymptomatic 
LV dysfunction†2

*Median value (interquartile range 2–10 years across patient groups); †Patients had no evidence of cardiac disease at baseline. Asymptomatic LV dysfunction comprised combined 

asymptomatic LV systolic and/or diastolic dysfunction, which are foundational indications of early HF; ‡Western European cohort

HF, heart failure; LV, left ventricular; T2D, type 2 diabetes

1. Rosano G et al. Cardiac Failure Rev 2017;3:52; 2. Faden G et al. Diabetes Res Clin Pract 2013;101:309; 3. Boonman-de Winter LJ et al. Diabetologia 2012;55:2154
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Heart failure is an early, highly prevalent and often 
asymptomatic complication in patients with T2D1,2

Between 

25% and 40% 

of patients 

with diabetes 

have HF1

68% 
of patients

Undiagnosed HF was detected in 28% of patients with T2D aged ≥60 years 

(N=581) during cardiac screening‡3





Diabetes Care 2021;44(Suppl. 1):S40-S52

Patient centered management of T2DM



Management of 

cardiovascular 

disease in patients 

with T2DM: 

clinical approach 

and key 

recommendations

Marx N et al. European Heart Journal (2023) 00, 1–98



Marx N et al. European Heart Journal (2023) 00, 1–98

Special considerations for the glucose-lowering medication in patients 

with T2DM, with and without CV disease



SGLT2 inhibitors has early beneficial effects in 
preventing cardio-renal complications in T2D*

*The cardiovascular and renal benefits are observed in patients with T2D with CV disease or high CV risk. †Empagliflozin as add-on to metformin; ‡Empagliflozin on top of standard of care in patients with T2D 

and established CV disease; §Empagliflozin is not indicated for the treatment of chronic kidney disease or diabetic kidney disease. 3P-MACE, 3-point major adverse cardiovascular events; CV, cardiovascular; 

HbA1c, glycated haemoglobin; T2D, type 2 diabetes

1. Häring H-U et al. Diabetes Care 2014;37:1650; 2. Wanner C et al. N Engl J Med 2016;375:323; 3. Zinman B et al. N Engl J Med 2015:373:2117; 4. Fitchett D et al. Eur Heart J 2016;37:1526; 

5. Patorno E et al. Circulation 2019;139:2822
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Reduction 

in clinical 

risk factors†1

Reduction in 

hospitalisations‡3–5

Reduction in 
kidney disease‡§2

Systolic blood 
pressure

HbA1c

Hospitalisation 

for heart failure

Progression of 
 kidney disease

Reduction in 
CV events‡3

3P-MACE

All-cause

hospitalisation

Reduction in 

mortality‡3
CV death

All-cause 

mortality

Body 
weight





Primary endpoint: First adjudicated CV 

death or HF hospitalisation

HR 0.75
(95% CI 0.65, 0.86)

p<0.001

NNT = 19
RRR
25%

ARR
5.2%

HR 0.70
(95% CI 0.58, 0.85)

p<0.001

RRR
30%

Key secondary: Adjudicated total HF 
hospitalisations (first and recurrent)

Composite renal endpoint (ESKD or 
sustained profound decrease in eGFR)

HR 0.50
(95% CI 0.32, 0.77)

RRR
50%

ARR
1.5%

EMPEROR Reduced

N Engl J Med 2020; 383:1413-1424



DAPA = dapagliflozin; HF = heart failure; hHF = hospitalization for heart failure; HR = hazard ratio; NNT = number needed to treat.

1. McMurray J. Presentation at: European Society of Cardiology Congress. September 1, 2019; Paris, France.
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HR 0.74 (0.65, 0.85)

p=0.00001

       NNT = 21

DAPA

Placebo

26% 

RRR

DAPA-HF: primary composite outcome
CV mortality / HF hospitalisation / Urgent HF visit

Early separation 
of treatment 

curves
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EMPEROR-preserved: Reduction of composite 
primary endpoint of CV death/HHF
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HR: 0.79
(95% CI: 0.69, 0.90)

p<0.001

Empagliflozin: 
415 (13.8%) patients with event
Rate: 6.9/100 patient-years
Placebo: 
511 (17.1%) patients with event
Rate: 8.7/100 patient-years

NNT*=31
RRR

21%

ARR

3.3%
Placebo

Empagliflozin

*During a median trial period of 26 months. ARR, absolute risk reduction; CI, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure; HR, hazard ratio; 

NNT, number needed to treat; RRR, relative risk reduction. Anker S et al. N Engl J Med. 2021 Aug 27. doi: 10.1056/NEJMoa2107038.



Dapagliflozin significantly reduced the risk of CV death or worsening HFa 
in patients with LVEF >40%1

23

ahHF or an urgent HF visit.

Solomon SD et al. Dapagliflozin in Heart Failure with Mildly Reduced or Preserved Ejection Fraction. N Engl J Med. 2022 Aug 27. 

Primary Endpoint

Composite of CV Death or Worsening HFa
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aFirst and recurrent; bComposite of CV death, MI, or stroke.

1. Jhund PS et al. Nat Med. 2022 Aug 27; 2. McMurray JJV et al. N Engl J Med. 2019;381(21):1995-2008; 3. Solomon SD et al. N Engl J Med. 2022 Aug 27.; 4. Heidenreich PA et al. J Am Coll Cardiol. 2022;79(17):e263-e421. 

DAPA-HF + DELIVER Pooled Analysis
Pre-specified, patient-level pooled analysis

Study Design1-3

LVEF ≤40%; N=4744

LVEF >40%; N=6263

Purpose1

• Examine the effect of DAPA across the LVEF range 

given the attenuation seen in patients with higher 

LVEFs in other HF medication trials

• Prespecified outcomes:

❖CV death

❖All-cause death

❖CV death or hHF❖Totala hHF

❖MACEb

DAPA significantly reduced the risk of 
death and hHF across the LVEF range1
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95% CI: 0.82-0.99
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RR: 0.71 
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First hHF
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95% CI: 0.66-0.82
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%
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p<0.001

Median Follow-up: 22 months

N=11,007

Placebo

n=5503
DAPA 10 mg

n=5504

DAPA significantly reduced the risk of 

CV death or hHF across the LVEF range1

CV Death or hHF

No 

Difference

Placebo Better

DAPA Better

DAPA reduced the risk of CV death or hHF by 22%

 HR: 0.78 (95% CI: 0.72-0.86); p<0.001

Continuous HR for 

DAPA vs. placebo

95% CI

Unity (HR=1)

SGLT2 inhibitors are recommended in patients with HF regardless of LVEF in Treatment Guidelines
4
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• Primary prevention

• In type 2 diabetes, with or without 
atherosclerotic CV disease (EMPA-REG 
OUTCOME, CANVAS, VERITIS-CV)

• In chronic kidney disease, with or

•  without diabetes (CREDENCE, 

• DAPA-CKD, SCORED)

• Secundary prevention

•     HFrEF (EMPEROR-reduced, DAPA-HF)

•    HFpEF (EMPEROR-preserved)

•     Worsening HF (SOLOIST-HF, EMPULSE)

The prevention of HF hospitalisation
The integrity of clinical decision making



SGLT2 inhibitors: impact on major cardiovascular outcomes in 
type 2 diabetes

Meta-analysis, 4 different SGLT2 inhibitors (empagliflozin, canagliflozin, dapagliflozin, 
ertugliflozin), n=46,969 pts with T2DM (66% with CVD)

Reduction in the risk of MACE without evidence of a considerable 
heterogeneity between the trials

McGuire DK, Shih WJ, Cosentino F et al. JAMA Cardiol. 2021;6(2):148-158.



Marx N et al. European Heart Journal (2023) 00, 1–98

Recommendations for the management of patients with HFrEF and T2DM 



Marx N et al. European Heart Journal (2023) 00, 1–98

Recommendations for the management of diabetic patients with 
HFmrEF and HFpEF 



Dapagliflozin and risk of new-onset diabetes

33%
26%

HF 
trials

Lower risk 
of new-

onset T2DM

All 
CV 

trials

Ostrominski J et al. European Heart Journal (2024) 00, 1–11

Lower risk 
of new-

onset T2DM
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Composite renal endpoint (end-stage kidney 

disease/sustained profound decrease in eGFR)

Composite renal endpoint is defined as chronic dialysis, renal transplant, sustained reduction of ≥40% eGFR or sustained eGFR <15 ml/min/1.73 m2 for patients with eGFR ≥30 ml/min/1.73 m2 at 

baseline (<10 ml/min/1.73 m2 for patients with eGFR <30 ml/min/1.73 m2 at baseline). Dialysis is regarded as chronic if the frequency of dialysis is twice or more per week for at least 90 days. Cox 

regression model including covariates age, baseline eGFR (CKD-EPI), region, baseline diabetes status, sex, and baseline LVEF.  CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, 

estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; PY, patient years. ARR, absolute risk reduction; RRR, relative risk reduction

Patients at risk
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Empagliflozin
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HR 0.50
(95% CI 0.32, 0.77)

Empagliflozin: 
30 patients with event
Rate: 1.6/100 patient-years
Placebo: 
58 patients with event
Rate: 3.1/100 patient-years

RRR

50%

ARR

1.5%



Dapagliflozin and renal function: DELIVER

1. Therapeutic efficacy of dapagliflozin is 
preserved across a wide range of eGFR 

(25 to >100 mL/min/1,73 m2).

Uticaj na hospitalizacije zbog HF/KV mortalitet

2. Dapagliflozin is associated with 

slower decline in eGFR over time vs. 
placebo.

Mc Causland F et al. JAMA Cardiol. 2022 Nov 3;8(1):56–65



Treatment targets for the management of patients with 
diabetes

European Heart Journal (2023) 41, 255-323



Reduction of CV risk in type 2 diabetes: 
Glucose-lowering treatment 

Marx N et al. European Heart Journal 2023, 44: 4043–4140



Reduction of CV risk in type 2 diabetes and  atherosclerotic disease:
Glucose lowering treatment

Marx N et al. European Heart Journal 2023, 44: 4043–4140



Recommendations for glucose-lowering treatment for patients with diabetes

European Heart Journal (2023) 41, 255-323
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Cardiovascular complications in T2DM 
can be prevented and treated 

Leading hypotheses shown; additional factors may contribute to progression of complications. CV, cardiovascular; T2D, type 2 diabetes; MI, myocardial infarction

1. Leon BM & Maddox TM. World J Diabetes 2015;6:1246; 2. Sposito AC et al. Cardiovasc Diabetol 2018;17:157; 3. Cade WT. Phys Ther 2008;88:1322; 4. Marwick TH et al. J Am Coll Cardiol 

2018;71:339; 5. DeFronzo RA et al. Diabetes 2009;58:773; 6. Fowler MJ. Clinical Diabetes 2011;29:116; 7. Song MK et al. J Diabetes Res 2014;2014:e313718; 8. Bugger H & Abel ED. Diabetologia 

2014;57:660; 9. Galicia-Garcia U et al. Int J Mol Sci 2020;21:6275; 10. Hayden MR et al. Cardiorenal Med 2013;3:265; 11. Ronco C et al. J Am Coll Cardiol 2008;52:1527; 12. McCullough PA et al. 

Contrib Nephrol 2013;182:82; 13. Chen Y et al. Kidney Dis 2020;6:225 
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• Obesity

• Hypertension

• Dyslipidaemia

• Smoking1–3

• β-cell-dysfunction

• Insulin resistance

• Hyperglycaemia4,5,9

Neuropathy6

Retinopathy6

CV and kidney 

complications11,12

Nephropathy3,7,13

Heart failure7,8

CV disease9

Stroke9

MI7

Dementia10

Metabolic7,8

and haemodynamic changes

Atherosclerosis9



Manuel Jimenez Prieto: Martin Charcot visits a patient, 1897
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