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Heart Failure and Diabetes

• Epidemiology
• Pathophysiology
• Response to treatments
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Prevalence of DM in the 
general population with 

and without HF

Prevalence of DM in patients with 
HF in representative registries
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Prevalence of DM in patients hospitalized for 
worsening HF in Representative HHF Registries

Modified from Ambrosy et al JACC 2014
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Association between glycated haemoglobin and the risk of congestive 
heart failure in diabetes mellitus: systematic review and meta-analysis

European Journal of Heart Failure (2013) 15, 185–193

15% increase in risk of CHF each
one percentage point higher
HbA1c
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Terminology of heart failure based on ejection fraction

Ponikowski, Voors et al. European Journal of Heart Failure (2016)
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Prevalence of non-cardiac comorbidities in 
heart failure groups BIOSTAT-CHF

International Journal of Cardiology 271 (2018) 132–139
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Heart Failure and Diabetes: a distinct entity

• Pathophysiology: role of hyperglycemia in driving HF phenotype
• Response to treatments
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HF in diabetes

Modified from J Physiol 0.0 (2019) pp 1–17

macroangiopathy

microangiopathy
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Relative importance of DM-related
pathophysiological mechanisms for development 

of HFpEF vs HFrEF phenotypes

European Heart Journal (2015) 36, 1718–1727
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A schematic flow chart representation highlighting the role of 
hyperglycemia in DCM

Heart Fail Rev (2018) 23:37–54
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Systemic and myocardial signaling in HFpEF

Sanjiv J. Shah et al. Circulation. 2016;134:73-90

84%
20-45%

60-80 %

T2DM
hyperinsulinemia

Hyperglycemia
Insulin-resistance
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Comorbidities Drive Myocardial Dysfunction and Remodeling Through Coronary 
Microvascular Endothelial Inflammation

J Am Coll Cardiol 2013;62:263–71
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Myocardial structure in HFpEF and HFrEF phenotypes
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Heart Failure and Diabetes: a distinct entity

• Pathophysiology
• Response to treatments
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Risk of HF in seminal diabetic trials
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CVOTs and  SGLT2i

Outcome EMPAREG CANVAS DECLARE

3-point MACE HR= 0.86 HR= 0.86 HR=0.53

CV death HR=0.62 HR=0.87 HR=0.98

(Non) –fatal MI HR= 0.87 HR=0.85 HR 0.89

(Non)-fatal stroke HR= 1.24 HR=0.90 HR= 1.01

All-cause death HR=0.68 HR=0.87 HR=0.93

Hospitalisation for HF HR= 0.65 HR=0.67 HR=0.73

N Engl J Med. 2015 Nov 26;373(22):2117-28.
N Engl J Med. 2017 Aug 17;377(7):644-657
N Engl J Med. 2018 Nov 10. doi: 10.1056/NEJMoa1812389
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Vettor R, et al. Diabetologia. 2017 Jan 11. 

Baartscheer A et al. Diabetologia. 2016 Oct 17 

NHE

Empagliflozin blocca lo scambiatore Na+/H+ (NHE)
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Sindrome cardio-renale
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Relative risk of HF in 3490 patients with DM by 
quartile of albuminuria

Gerstein et al JAMA 2001

ACR (mg/mmol) quartiles RR (95%CI)

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Potential pathways linking SGLT2i with cardio-renal 
benefits

European Journal of Heart Failure (2017) 19, 1390–1400
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Effects on albuminuria and eGFR (CREDENCE study)

N Engl J Med 
2019;380:2295-306. 
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composite of end-stage kidney
disease (dialysis, transplantation,
or a sustained estimated GFR of
<15 ml per minute per 1.73 m2),
a doubling of the serum
creatinine level, or death from
renal or cardiovascular causes.

N Engl J Med 
2019;380:2295-306. 
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Conclusions

 The large current and projected increase in HF in DM makes this entity
an important health problem

 The presence of diabetes (hyperglycemia) mainly drives a HpEF phenotype

 SGLT-2i, beyond glucose control, show benefits in HHF  

 Future studies are needed to elucidate underlying mechanisms
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Selected ongoing randomized clinical trials of 
SGLT2 inhibitors in patients with HFpEF

European Journal of Heart Failure (2018) 20, 853–872
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Postulated tubulo glomerular feedback (TGF) mechanisms in normal physiology, early stages 
of diabetic nephropathy, and after sodium-glucose cotransporter (SGLT) 2 inhibition. 

Cherney D Z et al. Circulation. 2014;129:587-597

Ad uso esclusivo Medical Affairs - Riservato - Non promozionale

Possible mechanism for dapagliflozin nephroprotection

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



J Clin Med Res. 2018;10(11):799-805
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Reduced glycemic load ameliorate LV diastolic dysfunction
independeltly of weight reduction in obese type-2-diabetics  

International Journal of Cardiology 234 (2017) 7–15

three weeks of moderate aerobic 
exercise + a low glycemic
load (low GL)

vs

three weeks of moderate aerobic 
exercise + isocaloric food (1800 kcal) 
with high carbohydrate
(50%)/low-fat composition
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Effect of Caloric Restriction or Aerobic Exercise Training
on Peak Oxygen Consumption and Quality of Life in Obese Older

Patients With Heart Failure With Preserved Ejection Fraction
A Randomized Clinical Trial

JAMA. 2016;315(1):36-46.

Twenty weeks of diet, exercise, or both;

-7Kg diet group
- 3 Kg exercise group
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Soga et al. Cardiovasc Diabetol (2018) 17:132 

Result for primary end point, showing a 
significant decrease in E/e′ 6 months after 
administration of dapagliflozin

Results for secondary end points show a significant decrease in 
LAVI and LVMI significant decreased 6 months after 
administration of dapagliflozin

Impact of dapagliflozin on left ventricular diastolic function of patients 
with type 2 diabetic mellitus with chronic heart failure

LV mass index left
atrial 
volum
e 
index
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Phenotype-specific HFpEF treatment strategy using a matrix of predisposition 
phenotypes and clinical presentation phenotypes. 

Sanjiv J. Shah et al. Circulation. 2016;134:73-90
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Differential Effects of Risk Factors on HFpEF vs HFrEF in Multivariable Analysis 
in 28,820 participants from 4 community-based cohorts

Circ Heart Fail. 2016;9:e003116
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Cellular, subcellular, and interstitial differences between HFpEF and HFrEF
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Associations of cardiac and non-cardiac co-morbidities with heart failure

European Journal of Heart Failure (2016) 18, 744–758
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European Journal of Heart Failure (2016) 18, 744–758
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Exercise capacity and hemodynamic reserve is reduced in obese heart failure 
with preserved ejection fraction (HFpEF). 

Masaru Obokata et al. Circulation. 2017;136:6-19
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Effects of a 20-week caloric restriction diet on 
exercise capacity and quality of life in HFpEF. 

Sanjiv J. Shah et al. Circulation. 2016;134:73-90

AT  aerobic exercise training;
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Sodium retention and
plasma volume expansion

β2-adrenergic
receptor activation

Renal sympathetic 
nerve activation

Increased leptin
receptor signaling

Enhanced MR
receptor signaling

Obesity
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WHO 2019 data IDF regions ranked by prevalence (%) of diabetes (20-79 years) per region
2017
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Type 2 diabetes and hypertension coprevalent
or correlated?
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JACC: Heart Failure Volume 6, Issue 8, August 2018, Pages 701-709
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Type 2 diabetes and hypertension coprevalent
or correlated?

CANVAS
(n=10,142)

EMPAREG
(n=5700)

DECLAR
E

CARMEL
INA

HARMO
NY

History of hypertension — no. (%) 9125 (90.0) 4446 (94.9) (81.3% 
on ARBS 
or ACE)

91.2 87%

History of heart failure — no. (%) 10.5 852 (9.9) 
872 
(10.2)

26.4 20%

Cardiovascular death or 
hospitalization
for heart failure
rate/1000
patient-yr

14.7 2·92

Hospitalization for heart failure 14.5 8.5 3.04

Death from any cause 28.6 16,4 4.80 2·56Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 
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Large outcome trials and registries all revealed HFpEF patients 
to be of advanced age and predominantly women and to have 
multiple comorbidities such as overweight/ obesity (84%),15 
arterial hypertension (60%–80%),16 type 2 diabetes mellitus 
(20%–45%),16 renal insufficiency, and sleep apnea.
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Circ Heart Fail . 2012 November ; 5(6): 710–719
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Distinct cell-type myocardial injury in HFpEF and HFrEF
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Variable pathophysiological mechanisms for heart failure 
with preserved ejection fraction (HFpEF). 

Javed Butler et al. Circ Heart Fail. 2016;9:e003358
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Incidence and epidemiology of new onset heart failure with preserved vs. reduced 
ejection fraction in a community-based cohort: 11-year follow-up of PREVEND 

(n=8592)

European Heart Journal 2013;34:1424-31

F vs 
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Incidence and epidemiology of new onset heart failure with preserved vs. reduced 
ejection fraction in a community-based cohort: 11-year follow-up of PREVEND

European Heart Journal 2013;34:1424-31
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Large trials in HFpEF – no benefit

CI=confidence interval Redfield MM, et al. Circ Heart Fail 2012;5;653–9
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Hypertensive and ischaemic aetiologies for heart failure with reduced (HFrEF), mid‐range 
(HFmrEF), and preserved ejection fraction (HFpEF) in recent studies.

Nauta et al European Journal of Heart Failure; 2017;19:1569-1573
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Prevalence of HF in cross-sectional, population-based, echocardiographic
studies

JACC Vol. 43, No. 3,2004:317–27
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Vaduganathan, M. et al. J Am Coll Cardiol. 2017;69(5):556–69.

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Mortality for patients with HF-PEF (heart failure with preserved left ventricular ejection fraction) and HF-
REF (heart failure with low left ventricular ejection fraction), adjusted for age, gender, aetiology of heart 

failure, hypertension, diabetes, atrial fibrillation.

Meta-analysis Global Group in Chronic Heart Failure (MAGGIC) Eur Heart J 2012;33:1750-1757

Mortality data adjusted for age, gender, aetiology of heart failure, hypertension, diabetes, atrial fibrillation.
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Cox’s proportional adjusted hazards ratios for 
all-cause death and cardiovascular death

Meta-analysis Global Group in Chronic Heart Failure (MAGGIC) Eur Heart J 2012;33:1750-1757
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Mortality rate ratios (and 95% CIs) for each 
LVEF category

Pocock S J et al. Eur Heart J 2013;34:1404-1413
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J Clin Med Res. 2018;10(11):799-805
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Cumulative Incidence of HF Subtypes Among Obese and 
Nonobese Men and Women in 22,681 participants from 4 

community-based cohorts

J Am Coll Cardiol HF 2018
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Association of obesity-related traits with HF 
subtypes

J Am Coll Cardiol HF 2018
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Hazard ratios for mortality by BMI in 1,236 patients with a HFpEF : A U-
shape relationship persists between BMI and mortality

Am Heart J 2010;159:75-80
after adjustment for age, history, labs, medications and echocardiographic findings
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Abdominal Obesity Is Associated With an Increased Risk of All-Cause 
Mortality in Patients With HFpEF

J Am Coll Cardiol 2017;70:2739–49
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Predictors of Physical Function in obese 
patients with HFpEF

JACC Heart Fail. 2018;6(8):640-649

N=100
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Heart Failure and Diabetes: a distinct entity

• Pathophysiology : role of comorbidities leading to a distinct
phenotype

• Prognosis
• Response to treatments

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Sarma S et al. European Journal of Heart Failure 2013

Rates of age-adjusted CV mortality or HF re-
hospitalisation in patients with and without DM in 

the EVEREST trial

no-diabetes
diabetes

p<0.001

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Bertoni G et al Diabetes Care 2004

Five-year Kaplan-Meier survival estimates for 
115,803 adults age > 65 yrs with DM by 

incidence HF status

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Risk of different outcomes associated with DM
in the CHARM programme

*HR are adjusted for 32 covariates

MacDodnald M et al. European Heart Journal 2008

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Weighted means of HRs in Denmark, Norway and Sweden for new 
users of dapagliflozin vs new DDP-4i (PS 1:3 matched for age, 
gender, fraility, comorbidity and treatment)
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Diabetic cardiomyopathy pathophysiological mechanisms 
“metabolic hypothesis”

Diapositiva preparata da ALESSANDRA DE CAS e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Diabetic hearts display metabolic inflexibility, characterized by a 
decreased ability to utilize glucose as an energy substrate.
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Differential response to treatment in heart failure with preserved ejection fraction (HFpEF) 
and heart failure with reduced ejection fraction (HFrEF). 
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Potential approach for matching key HFpEF phenotypes with therapeutic 
interventions.
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