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Metabolic inflexibility



consumo di ossigeno 
miocardico

Miocardio più suscettibile a 
ipossia con danni più diffusi 
durante gli eventi ischemici

DIABETES AND MYOCARDIAL METABOLISM: Loss of Myocardial Metabolic Flexibility



Pazienti con diabete tipo 2 Pazienti senza diabete

J Clin Endocrinol Metab, November 2009, 94(11):4472–4482 

MYOCYTE LIPID ACCUMULATION  IN TYPE 2 DIABETIC PATIENTS



VASCULAR PATHOLOGY IN PATIENTS WITH T2DM

Cell Metabolism 33, August 3, 2021



EVOLUZIONE DELLA TERAPIA DEL DIABETE MELLITO TIPO 2

Cambio Del Paradigma Terapeutico

Dal 2000 al 2014 Dopo il 2014

EFFICACIA PERSONALIZZAZIONESICUREZZA

METFORMINAI° Linea

II° Linea

HbA1c

The lower is better

HbA1c

The lower is better

Non per tutti, evitare ipoglicemie

HbA1c

The lower is better

Evitare ipoglicemie 

Valutare i benefici CV e renali

Prima del 2000



Adverse CV events led the FDA to require demonstration of CV safety for 
new glucose-lowering drugs

1. http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf. 
2. http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC500129256.pdf. 



FDA GUIDANCE FOR DIABETES DRUG 

DEVELOPMENT
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Davies et al. Cardiovascular Diabetology (2022) 21:144



GLP-1 RECEPTOR AGONISTS AND SGLT2 INHIBITORS FOR OLDER PEOPLE WITH TYPE 2 DIABETES: A 
SYSTEMATIC REVIEW AND META-ANALYSIS

Diabetes Research And Clinical Practice 174 (2021) 108737



META-ANALYSIS RESULTS VERSUS PLACEBO FOR PATIENTS 75 YEARS OR OLDER 

AND PATIENTS YOUNGER THAN 75 YEARS.

Diabetes Research And Clinical Practice 174 (2021) 108737



Pharmacological Research 183 (2022) 106396

SGLT2-INHIBITORS ARE EFFECTIVE AND SAFE IN THE ELDERLY: THE SOLD STUDY 

“SGLT2i are well-tolerated and safe in the elderly and appear as an effective therapeutic 

option, though some caution is also suggested, especially in more fragile subjects”



Mechanims of cardiovascular benefits:
evidence for extra-glycemic effects





Lahnwong et al. Cardiovasc Diabetol (2018) 17:101

Target 
or off target effects ?



Maximilian Trum et al, Int. J. Mol. Sci. 2021, 22, 7976

Cardiac off-target effects:  NHE-1 and Nav1.5 binding



EXPRESSION OF MYOCARDIAL SGLT1 IN VARIOUS PATHOLOGICAL CONDITIONS COMPARED WITH 
HEALTHY CONTROLS

LV epicardial section from a patient with DCM stained against SGLT1

Alex Ali Sayour et al, Int. J. Mol. Sci. 2021, 22, 9852.



Alex Ali Sayour et al, Int. J. Mol. Sci. 2021, 22, 9852.

Drug Design, Development and Therapy 2017:11

Cardiac off-target effects:  SGLT-1 binding



Marfella R et al, Pharmacological Research 184 (2022) 106448

SGLT2 protein

localization in human 

cardiomyocyte



SGLT2 PROTEIN EXPRESSION IN HUMAN CARDIOMYOCYTE CELL LINE 
EXPOSED TO HIGH GLUCOSE CONCENTRATION

Marfella R et al., Pharmacological Research 184 (2022) 106448



Do we need a Precision Medicine approach to improve 

diabetic cardiovascular complications?



Journal of Internal Medicine, Volume: 285, Issue: 1, Pages: 40-48, First published: 07 November 2018, DOI: (10.1111/joim.12859) 

PRECISION MEDICINE IN TYPE 2 DIABETES



Efficacy of the PCSK9 inhibitors evolocumab and alirocumab in the FOURIER and ODYSSEY studies

(patients in secondary cardiovascular prevention) stratified by the combination of clinical and genetic CVD

risk (CAD-PGRS) information

Damask et al., Circulation 2020

Marston et al. Circulation 2020



NOVEL SUBGROUPS OF TYPE 2 DIABETES DISPLAY DIFFERENT EPIGENETIC PATTERNS THAT 

ASSOCIATE WITH FUTURE CARDIOVASCULAR DIABETIC COMPLICATIONS

Diabetes Care. 2022 Jul 7;45(7):1621-1630. doi: 10.2337/dc21-2489.

Associations between subgroup-unique MRSs and the risk of developing

CVD complications during 8 years of follow-up (mean 4.5 years) in the

combined ANDIS discovery, ANDIS replication, and ANDiU replication

cohort



HYPERGLYCEMIA-INDUCED EPIGENETIC MODIFICATIONS

De Rosa et al Front. Endocrinol. 9:2. doi: 10.3389/fendo.2018.00002

Hyperglycemia/Diabetes Cardiovascular Diseases



EPIGENETIC REGULATION IN CARDIOVASCULAR 

DISEASE: MECHANISMS AND ADVANCES IN 

CLINICAL TRIALS

Signal Transduct Target Ther . 2022 Jun 25;7(1):200. doi: 10.1038/s41392-022-01055-2



Solini et al J Clin Endocrinol Metab, October 2019, 104(10):4253–4263

EPIGENETICS AND VASCULAR EFFECTS OF DAPAGLIFLOZIN 



The FASEB Journal. 2020;34:16489–16503.

INCRETIN DRUGS EFFECT ON EPIGENETIC MACHINERY: NEW POTENTIAL THERAPEUTIC 
IMPLICATIONS IN PREVENTING VASCULAR DIABETIC COMPLICATIONS



Targeting NFκB in the Failing Heart: the Role of SGLT-2 inhibitors 

NF-kB

Vinculin

CARDIAC 

DYSFUNCTION 

Barbieri et al, Cardiovascular Diabetology 2022, submitted



CONCLUSIONS 1 

1. Type 2 DM patients still have an excess of cardiovascular mortality

2. HbA1c goals and treatments need to be individualized

3. Type of treatment in elderly diabetic patients with HF must be drawn
on the clinical patients' condition, their degree of autonomy, with
respect to the dignity and quality of life.



1. Separately, and independent of glycaemic control, SGLT2 inhibitor and GLP-
1RA class have been shown to reduce CV risk in elderly patients with high
CVD risk

2. Precision medicine approach , combining epi-drugs based on epigenotypes
and conventional therapies may help enhance the clinical management of
vascular complications in elderly patients

CONCLUSION 2 
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