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Changes in cardiac metabolism in diabetes
An & Rodrigues,  Am J Physiol 2006 

1. Elevated serum & 

myocardial FA,TG

2. Decreased glucose 

uptake & utilization 

3. Hyperglycemia

4. ± Hyperinsulinemia
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Cubbon RM, et al. Diabetes & Vascular Disease Research 2013

1091 Heart Failure patients. 280 (26%) had Diabetes Mellitus on recruitment
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In Hypertrophic Cardiomyopathy, DM 

was associated with diastolic 

dysfunction, worse functional class, 

atrial fibrillation and adverse 

prognosis.

Wasserstrum and Arad et al, Eur Heart J 2019
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Diabetic CMP is a distinct entity 
characterized by the presence of abnormal 
myocardial performance or structure, in 
the absence of epicardial coronary artery 
disease, hypertension and significant 
valvular disease. 

Rare as «stand alone» common as «add on» 

Aneja, Am J Med 2008

Diabetic CMP – fact or fiction?

Maisch, Herz 2011



Stages of diabetic cardiomyopathy 

• Increased cardiomyocyte stiffness + hypertrophy → 

diastolic dysfunction

• Changes in the interstitium:

– Inflammation

– Increased sensitivity to Angiotensin II

– AGE → collagen crosslinking 

– Fibrosis

• Systolic dysfunction and overt Heart Failure 

• Aggravation by hypertension, coronary disease





Contemporary understanding of the mechanisms underlying obesity cardiomyopathy 

include metabolic disturbances (insulin resistance, abnormal glucose transport, increased FAs, 

lipotoxicity and amino acid derangement), changes in intracellular Ca2 homeostasis, oxidative stress, 

autophagy dysregulation, myocardial fibrosis, cardiac autonomic neuropathy, inflammation, small 

coronary vessel disease, impaired coronary flow reserve, and coronary artery endothelial dysfunction.

In addition, epigenetic modifications also participate in the etiology of obesity cardiomyopathy.

Ample evidence has been engaged toward the management of obesity cardiomyopathy, although

effective and targeted medications and procedures are still lacking. Non-pharmacological 

approaches such as lifestyle modification (e.g., exercise and diet control) may  benefit heart health …
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Effect of BMI on Cytokine Levels
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Induction of HO-1 by EET-A Decreases Adipocyte Size (VAT)
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Modelling diabetic/obesity cardiomyopathy
Deficiency of leptin receptor in db/db mice leads to obesity and diabetes

High fat diet or another stress are needed to create profound CMP

db/db
WT



Cao et al, Am J Physiol 2017

LV function in db/db mice on HF diet 
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2. Development of cardiomyopathy was 

accelerated by Angiotensin II (AT) stress

• AngiotensinII is administrated  subcutaneously  via 

ALZET osmotic pump at the rate of 1000ng/kg/min.



The protective effect of caloric restriction

D db/db

db/db+ AT+CRC

db/db+ AT+CRFE db/db+ AT

db/db+ ATBdb/dbA

Table 1: Physiological and metabolic biochemical markers

db/db n=6 db/db+AT n=5 db/db+AT+CR n=5

Body Weight (g) 40.7±9.7 40.3±5.3 33.1±6.7#&

Heart Weight (mg) 117±20 163±30# 139±20&

Glucose (mg/dL) 617±93 658±107 531±127&

Cholesterol (mg/dL) 112±21 199±91# 118±25&

HDL (mg/dL) 112±26 188±74# 103±18&
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Caloric restriction protects from diabetic cardiomyopathy

*p<0.05 vs. WT , #p<0.05 vs. db/db,  &p<0.05 vs. db/db+AT

Cardiac function and dimensions

WT

n=7

WT+AT

n=9

db/db

n=11

db/db+AT

n=14

db/db+AT+CR

n=8

FS (%) 33±14 21±7* 34±7 30 ±7 41±10&

LVPW(d) (mm) 0.9±0.1 1±0.1 0.9±0.1 1.1±0.2# 0.9±0.2&

LVPW(s) (mm) 1.2±0.1 1.1±0.1 1.2±0.2 1.5±0.3# 1.2±0.3&

IVS(d) (mm) 0.8±0.1 0.9±0.1 0.9±0.1 1.1±0.1# 1±0.1&

LVEDD (mm) 3.6±0.7 4.2±0.4* 3.9±0.2 3.5±0.05# 4.1±0.4&

Cohen K, et al., Experimental Cell Research 2017



Caloric restriction attenuates cardiomyopathy in diabetic 

mice through the activation of ‘SIRT1 - PGC-1α - HO-1’ axis
Waldman M et al, Cardiovasc Diabetol 2018



Experimental design

0 30day

Normal tap water

Angiotensin infusion or Saline

through osmotic pump Blood pressure

Echocardiography

Blood and tissue collection

db/db males

Age 14 weeks

Dapagliflozin 1.5 mg/kg/day in 

drinking waterIn vivo

Normal rat neonatal cardiomyocytes

Normal or high glucose in medium

Dapagliflozin or Saline 

In vitro

http://www.google.co.il/url?url=http://www.cwe-inc.com/Indirect_BP.htm&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiVoMf93PPQAhUJ1xQKHQ8-D7YQwW4IMzAP&usg=AFQjCNG73GiOuyGU3kwS4RCjMbLJfh3LDQ
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Dapagliflozin reduces serum 

glucose and blood pressure
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Dapagliflozin attenuates myocardial fibrosis

in the diabetic heart

WT DB DB+Dapa

WT+ATII DB+ATII DB+ATII

+ Dapa
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Dapagliflozin reduces the inflammation markers

in the diabetic heart under angiotensin II stress
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Dapaagliflozin reduces oxygen radical load 

and Ca+2 accumulation in cardiomyocytes
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Arow M, et al., Cardiovascular Diabetol 2020

Proposed mechanism of

Dapagliflozin activity 

in Diabetic CMP



SGLT2i generate ketone bodies – good or bad?





Almutairi et al, Can J Cardiol 2021

Cardiovasc Diabetol 2019



Effects of bariatric surgery in mice, GLP1 

and the postulated role of somatostatin

Yhara Arad and Danny Ben-Zvi, unpublished
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Arad et al, 2020
Prostaglandins and other lipids
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Dapagliflozin improves systolic function 

in the diabetic heart under stress



Int. J Med Sciences 2021






