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Abstract:  

Diabetes and heart failure are mutually reinforcing factors. The treatment strategy and prognosis for patients with 

both diabetes and heart failure are inconclusive. This article reviews the current situation of ischemic heart failure 

complicated with diabetes, the pathophysiological relationship between diabetes and heart failure, and disease 

management. Especially, we highlight the latest result from CRISIS (Coronary Revascularization in Patients with 

Ischemic Heart Failure and Prevention of Sudden Cardiac Death) study, which finds that diabetes associates with 

greater ejection fraction improvement after revascularization in patients with reduced ejection fraction. This result 

implies the indication for revascularization in patients with heart failure who present with DM.  
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Introduction

There are many factors to promote the occurrence of coronary artery 

disease (CAD). When patients are diagnosed with CAD and left 

ventricular dysfunction, the formulation of further treatment strategies 

still depend on the judgment of the underlying disease. Revascularization 

therapy, including percutaneous coronary intervention (PCI) and 

coronary artery bypass grafting (CABG), is considered to be an active 

treatment strategy for patients with CAD and left ventricular dysfunction. 

However, which type of patients could benefit more from active 

revascularization is still unclear. 

In the world, about one third of people with diabetes mellitus (DM) suffer 

from cardiovascular disease. Cardiovascular disease has become the main 

cause of death of diabetic patients. [1] The cost of treating cardiovascular 

disease accounts for 20% to 49% of the total cost of DM treatments, which 

has become serious medical and economic problems. [2] With the 

increase of the prevalence of heart failure (HF), the cost of health care 

increases, especially in patients with DM. [3]  

DM and HF were mutually contributing factors. Previous studies had 

shown that diabetic patients with poor glucose control were more likely 

to develop HF. [4] Hyperglycemia and hyperinsulinemia accelerated the 

process of atherosclerosis through vascular smooth muscle proliferation 

and inflammation. Impaired insulin signal transduction might lead to 

cardiac stiffness, hypertrophy and fibrosis, which increases the risk of 

new or recurrent HF. [5] In patients with DM complicated with left 

ventricular dysfunction, the energy supply of cardiomyocytes depended 

more on the oxidation of fatty acids, abnormal energy metabolism, lipid 

accumulation and other factors promote cardiac systolic dysfunction. [6] 

Pathophysiological changes such as endothelial dysfunction, 

inflammation and oxidative stress had been strengthened, which further 

aggravated the process of myocardial dysfunction and cardiomyocyte 

apoptosis, and finally worsen cardiac function. [7] 

In contemporary large scale studies of HF, 41% of patients had DM and 

another 29% were in pre- mellitus, which was a huge and surprising fact. 

[8] In addition, cardiac insufficiency increased the risk of developing DM 

in the future. Although the exact mechanism had not been clarified, 

current studies had shown that higher systolic blood pressure, longer 

duration of HF, higher New York Heart Association functional class and 

diuretic treatment were predictors of DM in patients with HF. [4]  

Data from Swedish Coronary Angiography and Angioplasty Registry 

(SCAAR) showed that DM was independently associated with higher 

mortality, regardless of whether HF was an ischemic cause or not (HR, 

1.40; 95% CI, 1.33-1.46 and HR, 1.30 ;95% CI, 1.22-1.39, respectively). 

[9] Glucose control was closely related to the prognosis of patients with 

HF. Active lifestyle could improve insulin resistance and glucose level, 

and then improved the prognosis. [10] With the deepening of research, 

the genetic mechanism of diabetes diet therapy has also been revealed, 

laying a foundation for the whole course of disease management. [11,12] 

Although enhanced glucose control could reduce the long-term risk of 

diabetic microvascular events, HbA1c was not linearly related to the risk 
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of death in patients with HF. Contemporary observational studies had 

shown that there was a U-shaped correlation between HbA1c and 

mortality, and the death rate was the lowest when HbA1c was controlled 

at 7% ~ 8%. Appropriate relaxation of HbA1c control target was 

recommended for elderly patients with widespread complications and 

short life expectancy. [4] In the selection of glucose-lowering medications 

special attention should be paid to the glucose-lowering effect and the 

benefit of cardiovascular events. Recently, sodium-glucose co-transporter 

2 inhibitors recommended in the 2021 ESC guidelines for the treatment 

of DM patients with HF for reducing cardiovascular mortality and 

hospitalizations rates in patients with DM complicated with HF (Class of 

recommendation: Ⅰ, Level of evidence: A). [13] Furthermore, in diabetic 

patients with ischemic left ventricular dysfunction, modulation of free 

fatty acids metabolism could give greater benefits of decreasing the 

incidence of angina attacks than in non-diabetic patients. [14] The 

addition of direct renin inhibitor aliskiren to standard therapy was 

associated with trends towards greater reduction in left ventricular size 

among diabetic compared with non-diabetic subjects who had history of 

myocardial infarction and ejection fraction (EF) ≤45%. [15] 

In addition to drug therapy, invasive revascularization was an important 

part of the treatment strategy for patients with CAD and left ventricular 

dysfunction. Especially for patients with DM and CAD, restoring 

sufficient coronary blood flow can be beneficial to the recovery of 

myocardial function in these patients. After careful evaluation of coronary 

artery anatomy, comorbidities, life expectancy, and patient expectation, 

revascularization can be considered as an active strategy for improving 

outcomes in patients with DM and CAD. [13] In the current guidelines, 

CABG was recommended as a first-line revascularization strategy for HF 

patients with DM or multivessel disease. [13] However, there were no 

randomized controlled trials of PCI or CABG in patients with HF 

complicated with DM. Previous randomized controlled studies have 

shown that the long-term survival rate of patients with EF ≤ 35% treated 

with medical treatment combined with CABG was better than that of 

patients treated with optimal medical treatment alone (HR, 0.84; 95% CI, 

0.73-0.97; P=0.02). [14] Results from SCAAR showed that DM patients 

with ischemic HF benefit more from CABG than PCI (all-cause mortality: 

OR, 0.62; 95% CI, 0.41–0.96; P=0.031). [16] A clinical study comparing 

PCI or CABG in the treatment of DM patients with left ventricular 

dysfunction showed that PCI was associated with higher postoperative 

major adverse cardiovascular and cerebrovascular events (for EF 35% to 

49%: HR, 1.97; 95% CI, 1.64-2.35; P<0.001; for EF<35%: HR, 2.28; 95% 

CI, 1.79-2.90; P<0.001). [17] A recent network meta-analysis showed that 

CABG significantly reduced the incidence of mortality, cardiac death, 

myocardial infarction and repeated revascularization in patients with 

ischemic left ventricular dysfunction compared with PCI and medical 

treatment. However, when returning to important covariates, DM did not 

show a significant correlation with all-cause mortality after CABG. [18]  

In addition to clinical events as the hard end point of results, the 

improvement of EF could also be regarded as one of the evaluation 

indexes of patients with HF. Successful revascularization therapy might 

improve long-term outcome by attenuating the ischemic state and 

reversing left ventricular remodeling for patients with ischemic HF. [14] 

EF improvement following revascularization might be associated with 

outcomes of CAD patients with left ventricular dysfunction. Recently, 

Wang et.al [19] reported a real-world study i.e., Coronary 

Revascularization in Patients with Ischemic Heart Failure and Prevention 

of Sudden Cardiac Death (CRISIS). All patients had an initial EF ≤40% 

who underwent either PCI or CABG. A total of 974 patients with repeated 

EF measurements after revascularization were included. DM was found 

as an independent correlate of greater EF improvement after 

revascularization (OR, 1.42; 95% CI, 1.07-1.89; P=.014). Patients with 

DM had a greater extent of EF improvement after revascularization 

(10.5±10.4% vs 8.1±11.2%; P=.002) compared with non-diabetic 

patients. In EF improved group, diabetic patients had similar risk of 

overall (HR, 1.36; 95% CI, 0.80-2.32; P=.257) and cardiovascular 

mortality (HR, 1.42; 95% CI, 0.77-2.64; P=.262) compared with non-

diabetic patients. In contrast, in EF unimproved group, DM was 

associated with higher risk of both overall (HR, 1.46; 95% CI, 1.02-2.08; 

P=.037) and cardiovascular death (HR, 1.48; 95% CI, 1.02-2.22; P=.046). 

This indicated that greater EF improvement by revascularization in 

diabetic patients at least partially attenuated the impact of DM on adverse 

long-term outcomes. Therefore, this finding imply the indication for 

revascularization in patients with left ventricular dysfunction who present 

with DM 

Finally, despite the prevalence of HF and DM, the optimal treatment 

strategy including medication and revascularization therapy for patients 

with ischemic heart failure complicated with DM is still uncertain. Large 

scale randomized controlled trials are needed to enrich evidence-based 

medicine. 
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