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ABSTRACT. 

Context. Diabetes and heart failure (HF) are two deadly and strictly related epidemic 

disorders. Aim of this review is to present an updated discussion of the epidemiology, 

pathophysiology, clinical presentation and treatment options for HF in diabetes. 

Evidence Acquisition. Relevant references published up to February 2020 were identified 

through searches in PubMed. Quality was graded using the Newcastle-Ottawa score in 

observational studies and the Cochrane Collaboration’s tool in randomized studies. 

Evidence Synthesis. Metabolic and neurohumoral derangements, oxidative stress, 

inflammation, micro- and macroangiopathy all contribute through complex molecular and 

cellular mechanisms to cardiac dysfunction in diabetes which in turn results as one the most 

frequent underlying condition affecting up to 42% of patients with HF and causing a 34% 

increased risk of cardiovascular death. On top of traditional guideline-based HF medical and 

device therapies, equally effective in patients with and without diabetes, a new class of 

glucose-lowering agents acting through the sodium-glucose co-transporter 2 (SGLT2) 

inhibition showed impressive results in reducing HF outcomes in subjects with diabetes and 

represents an active area of investigation.  

Conclusions. Diabetes and HF are strictly linked in a bidirectional and deadly vicious circle 

difficult to break. Therefore, preventive strategies and a timely diagnosis are crucial to 

improve outcomes in such patients. SGLT2 inhibitors represent a major breakthrough with 

remarkably consistent findings. However, it is still not clear whether their benefits may be 

definitely extended to HF patients with preserved ejection fraction, to those without diabetes 

and in the acute setting.   

Key words: heart failure; diabetes; left ventricular dysfunction 
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Diabetes mellitus pandemia is a global burden affecting about half a billion people worldwide 

with projections of even greater numbers in the next decades.
1
 Both type 1 diabetes (T1D)

and type 2 diabetes (T2D) are recognized major modifiable cardiovascular risk factors 

associated with excess risk of death and cardiovascular events.
2
 While atherothrombosis has

always been considered the main cardiovascular complication of diabetes,
3
 both

epidemiological and clinical data highlighted heart failure (HF), developing at increased rates 

and with worse outcomes in subjects with diabetes, as a driving cause of cardiovascular 

morbidity in such patients.
4–6

 Similarly to diabetes, HF represents a modern epidemic with a

significant socioeconomic and healthcare burden.
7
 In fact, it is estimated that almost one third

of individuals aged 55 years will develop HF during the remaining lifespan.
8

The epidemiological alarming data relative to the coexistence of these two chronic diseases 

led to a mounting literature being published on HF in diabetes in the last decade, going from 

the almost nine-hundred articles appearing in PubMed in 2008 to more than two-thousands in 

2019 (research conducted with the terms “diabetes” and “heart failure” on February 2020).  

In this narrative review we report and critically discuss the main and most recent evidence 

about the pathophysiology, clinical presentation and treatment options for HF in diabetes. 

Search strategies, data extraction and quality assessment 

References for this review were identified through searches of PubMed for articles published 

until February 2020, by use of the terms “heart failure”, “left ventricular dysfunction”, 

“metformin”, “sulfonylureas”, “thiazolidinediones”, “DPP-4 inhibitors”, “GLP1 receptor 

agonists” and “SGLT2 inhibitors” in combination with the term “diabetes”. Articles resulting 

from these searches and relevant references cited in those articles were reviewed. Articles 

published in English were included. Quality was graded using the Newcastle-Ottawa score 
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for assessing the risk of bias in observational studies and the Cochrane Collaboration’s tool in 

randomized studies.
9,10

1. Left ventricular dysfunction

Left ventricular dysfunction is a condition characterized by a structural and/or functional 

cardiac abnormality resulting in a reduced cardiac output and/or elevated intracardiac 

pressures at rest or during stress.
11

 This condition may be asymptomatic for several years but

ultimately leads to HF which can be defined as a clinical syndrome characterized by typical 

symptoms (ie, breathlessness and fatigue) and signs (ie, peripheral edema) caused by left 

ventricular dysfunction. Therefore, HF constitutes the final common pathway for a host of 

cardiovascular disorders.  

Hypertension and coronary artery disease are the dominant causes of left ventricular 

dysfunction and HF.
12

 However, many other conditions play key roles in the pathogenesis

and progression of the disease.
11,13

 It is noteworthy that all the major risk factors for HF are

often clustered in patients with T2D, including obesity, hypertension, dyslipidaemia, 

microvascular and macrovascular diseases. However, building on initial reports of “diabetic 

myocardosis” approximately 70 years ago
14,15

 and on the subsequent first comprehensive

review of a particular form of HF called “diabetic cardiomyopathy” characterized by the 

absence of structural heart disease (including coronary artery disease),
16

 diabetes is now

recognized as an independent risk factor for the development of HF.  
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2. Phenotypes of heart failure in diabetes

When symptomatic, left ventricular dysfunction may present as HF with reduced ejection 

fraction (HFrEF, typically considered as <40%), mid-range ejection fraction (HFmrEF, in the 

range of 40-49%) and preserved ejection fraction (HFpEF, ≥50%).
11

 Left ventricular ejection

fraction is generally calculated during an echocardiography by dividing the volume of blood 

pumped from the left ventricle per beat (stroke volume) by the volume of blood collected in 

the left ventricle at the end of diastolic filling (end-diastolic volume). HFpEF can be detected 

in 75% of patients with diabetes and tends to develop early, as confirmed by demographic 

characteristics of affected patients including younger age, normal blood pressure and optimal 

glycaemic control.
17

 HFrEF is generally due to coronary artery disease which is usually

diffuse, multivessel and may lead to silent myocardial infarction. 

3. Epidemiology of HF in diabetes and prognosis

In trials of glucose-lowering medications, HF was reported in 17% of participants,
18

 whereas,

in observational data, HF was present in 28% of patients affected by diabetes (Figure 1, 

Panel A).
17

In clinical trials of chronic HF patients, the prevalence of diabetes was approximately 30%,
19

whereas, in observational data, the prevalence of diabetes was around 42% (Figure 1, Panel 

B).
20,21

 Of note, various registries showed that, compared with non-diabetic individuals, the

risk of developing HF is 1.2-1.7-fold increased in people with impaired glucose tolerance,
22

two-fold increased in men and five-fold in women with diabetes.
23

 Conversely, in patients

with HF there is an increased risk for new-onset diabetes compared to patients without HF 

(ie, 13.6 vs. 9.2/1000 patients over a 5-year follow-up in a Kaiser Permanente study).
24

The Framingham Heart Study was the first to demonstrate an increased risk of HF in people 

with diabetes.
25

 Further insights into the relevance of HF in diabetes were subsequently

provided by the UKPDS reporting HF incidence rates of 2.3-11.9 per 1,000 patient-years over 
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10 years of follow-up.
26

 HF has also been described in T1D, although data are less robust

compared to T2D. In a large cohort of young patients with T1D identified from the Swedish 

national diabetes registry (mean age 38.6 years) a 3% rate of hospitalization for HF was 

observed during a median follow-up of 9 years.
27

Despite the magnitude of this issue, it is worth noting that the impact of diabetes on cardiac 

function is often silent, currently diagnosed when there is a certain degree of dysfunction in 

the presence of suggestive symptoms. Consequentially, HF remains frequently 

underdiagnosed in its early stages due to significant gaps in knowledge on the 

pathophysiology of diabetic cardiomyopathy and few diagnostic possibilities. In this regard, 

although data on the proportion of undiagnosed HF among asymptomatic subjects with 

diabetes are few, historical and limited to small observational studies, underlying the need for 

further contemporary investigations, the prevalence of asymptomatic left ventricular diastolic 

dysfunction has been reported to range between 47%-75%.
28,29

Besides the increased prevalence of HF in people affected by diabetes, diabetes is also 

associated with a poorer prognosis in the presence of HF.
30

 A large meta-analysis including

observational and randomized data for a total of more than 380,000 patients with HF, 

confirmed that T2D is independently associated with a 28% higher risk of all-cause death, 

34% higher risk of cardiovascular death and a 35% higher risk of hospitalizations over 3 

years of follow-up.
31

 The prognostic impact of diabetes in HF (HR for mortality 1.43,

p<0.05) seems comparable to the ones conferred by other lung and cardiovascular conditions 

such as chronic obstructive pulmonary disease (HR for mortality 1.43, p<0.05), coronary 

artery disease (HR for mortality 1.22, p<0.05) and atrial fibrillation (HR for mortality 1.21, 

p<0.05).
30

 Data concerning prognostic implications of HF in T1D are less strong. However,

the few available studies are consistent with those focused on T2D and indicate worse 

outcomes in patients with long disease duration and poor glycaemic control.
32,33
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The relevance of HF in diabetes is a strong call to action. Brown et al. found that three classes 

of medications proven to reduce cardiovascular risk and mortality (i.e. antiplatelet agents, 

statins and angiotensin-converting enzyme [ACE] inhibitors) were systematically underused 

in patients with diabetes.
34

 Similarly, Vaduganathan et al. reported that, among patients with

diabetes and chronic HF enrolled in the CHAMP-HF registry, appropriate target doses of HF 

drugs consisting of ACE inhibitors/angiotensin receptor blockers (ARBs), angiotensin 

receptor-neprilysin inhibitors (ARNIs), beta-blockers and mineralocorticoid receptor 

antagonists (MRAs) were only taken by 12%, 1%, 23% and 26% of patients, respectively.
35

In conclusion, HF in diabetes is often undertreated probably due to a “glucocentric” view of 

the disease. Thus, the overemphasis on glycemic control may deflect attention away from 

cardiovascular risk management leading to underutilization of medications proven to be 

effective in the prevention and treatment of left ventricular dysfunction. 

4. Pathophysiology of left ventricular dysfunction in diabetes

4.1 From diabetes to left ventricular dysfunction  

Hypertension and large coronary artery disease are considered the primary causes of HF in 

diabetes. However, it has also been shown that other diabetes-related processes may directly 

affect the structure and function of the heart causing HF.
36

 In the absence of atherosclerosis,

diastolic dysfunction prevails as a main feature of the diabetic heart through a combination of 

multiple mechanisms. Accumulating evidence suggests that small vessel disease, namely 

microangiopathy, plays a key role in the pathogenesis of cardiac dysfunction in diabetes.
37

Insulin resistance, hyperinsulinaemia and impaired glucose tolerance have several detrimental 

consequences such as, changes of endothelial intracellular signalling, lipotoxicity (i.e., 

accumulation of triglycerides in the myocardium), increased oxidative stress and deposition 

of advanced glycosylation end products in both small and large vessels walls.
38–41

 These
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factors cause hormonal imbalance, metabolic defects in smooth muscle cells and endothelial 

dysfunction, which in turn cause vasoconstriction, microvascular spasms and structural 

remodelling of small coronary vessels including intimal thickening of myocardial arterioles, 

thickening of capillaries basement membranes, periarteriolar fibrosis and capillary 

microaneurysms.
42–44

 Such alterations in microvasculature produce hypoperfusion of the

myocardium and thereby lower the energy supply, causing changes of calcium handling, 

apoptosis and decreased cardiac contractile force. As a result, impaired coronary 

microvascular function is associated to left ventricular dysfunction in T2D.
45

 A shift of

substrate utilization from glucose towards free fatty acids due to increased free fatty acid 

levels, which activates peroxisome proliferator-activated receptor (PPAR)-α, is also emerging 

as a novel key metabolic disturbance of diabetic cardiomyopathy.
46

 The dominance of free

fatty acids utilization in diabetic hearts contributes to energy insufficiency as free fatty acids 

oxidation requires more oxygen per carbon unit than glucose oxidation.
47

 Moreover, free fatty

acids induce expression of mitochondrial uncoupling protein 3 through PPAR-α dissipating 

the mitochondrial proton gradient thus deteriorating ATP production efficiency.
47

 Overall,

cardiac micro and macroangiopathy and the derangement of myocardial energy substrates, 

together with inflammation and neurohormonal activation, all predispose to concentric left 

ventricular remodelling enhancing diastolic dysfunction.
46

4.2 From left ventricular dysfunction to diabetes 

In HF, the activation of renin-angiotensin II-aldosterone and sympathetic nervous systems 

alters haemodynamics and metabolism predisposing to the development of diabetes through 

insulin resistance.
48

 The mechanisms contributing to the link between aldosterone and insulin

resistance, beyond the synthesis of aldosterone by angiotensin II, include triggering of 

aldosterone release from adrenal glands by cytokines such as TNF-α, IL-6 and release of a 

lipid factor from adipose tissue. Both aldosterone and angiotensin II can activate the 
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membrane-bound NADPH oxidase enzyme complex in vascular smooth muscle cells, heart 

and skeletal muscle tissue, which results in the generation of reactive oxygen species. 

Reactive oxygen species production activates redox-sensitive kinases causing serine 

phosphorylation of IRS-1 leading to insulin resistance. 

5. Clinical and instrumental diagnosis

5.1 Clinical presentation 

HF may present with typical symptoms such as breathlessness, orthopnea, paroxysmal 

nocturnal dyspnea, fatigue, or with less typical symptoms such as palpitations or syncope. 

Typical signs include ankle swelling, elevated jugular venous pressure and hepatojugular 

reflux.
11,49

 In diabetes, HF usually presents with worse New York Heart Association (NYHA)

functional class and more HF-related symptoms and signs than patients without diabetes 

despite having similar left ventricular ejection fraction.
50

5.2 Biomarkers 

Natriuretic peptides biomarker testing can be used as the first step for HF diagnosis to 

identify those patients who require further investigations, especially when the cause of 

dyspnea is not clear.
51

 Low values of natriuretic peptides can indeed exclude the presence of

HF, while there are different cardiac and non-cardiac conditions associated with high plasma 

levels.
52

 Recent studies have shown a correlation between levels of high sensitive cardiac

troponine T, diastolic load and coronary microvascular dysfunction in non-ischemic HF 

patients.
53,54

 The role of other biomarkers of myocardial fibrosis, such as soluble suppression

of tumorigenicity-2 (sST2) and galectin-3, is less well established.
55,56
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5.3 Echocardiography 

Echocardiography is the first line and most useful cardiovascular imaging diagnostic test to 

investigate patients with suspected HF.
57

 Transthoracic echocardiography should address the

evaluation of left ventricular systolic and diastolic function. It is recommended to use the 

modified biplane Simpson’s rule to measure the left ventricular ejection fraction; on the other 

hand, the measured diastolic indexes should include e’ velocity, E/e’ ratio and the mitral 

inflow E/A ratio.
11

 This imaging methodic, coupled with Doppler flow, should also be used

to identify abnormalities of regional wall motion and to obtain information on chamber 

volumes, wall thickness and valve function. 

5.4 Innovative imaging techniques 

In recent years, new imaging techniques as strain echocardiography and cardiac magnetic 

resonance have been included in the evaluation of patients with HF. 

Left ventricular global longitudinal strain provides a reasonable assessment of ventricular 

function, well correlating with the ejection fraction measured with the modified biplane 

Simpson’s rule.
58

 Patients with HFrEF have abnormal longitudinal, circumferential and radial

strain and strain rate;
59

 however, recent studies showed that global longitudinal strain has a

higher prognostic value in HFrEF.
60

 Additionally, since systolic function is abnormal even

though ejection fraction is preserved in HFpEF, global longitudinal strain is impaired also in 

this group of patients.
61

Cardiac magnetic resonance is the preferred imaging technique in patients in which 

echocardiography is non-diagnostic. It accurately assesses ejection fraction and chamber 

volumes, also providing additional information on fibrosis, myocardial viability and 

perfusion helping clinicians to identify HF etiology.
62
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6. Treatment of heart failure in diabetes

To date, there are no specific recommendations for the treatment of HF in patients with 

diabetes as pharmacological therapies have been shown to be similarly efficacious 

irrespective of diabetes status.
11,49

 Table 1 summarizes major strategies for a stage-based

management of HF including current guidelines recommendations and few practical 

considerations in diabetes. 

6.1 Stage A 

Stage A refers to patients who are at high risk for HF, including those  with diabetes, 

hypertension, dyslipidemia, obesity and history of tobacco use, but without structural heart 

disease or actual symptoms suggestive of HF.
49

This group of patients should be identified to prevent the development of the disease 

promoting lifestyle modifications and targeting each risk factor.
49,63

6.2 Stage B 

Stage B indicates patients with structural heart disease but without signs or symptoms of HF: 

it includes patients with prior myocardial infarction, left ventricular remodeling or 

asymptomatic valvular heart disease.
49

Current American and European guidelines recommend the use of ACE inhibitors or, if 

patients are intolerant ARBs, in patients with asymptomatic left ventricular dysfunction or 

stable coronary artery disease.
11,49

 Beta-blockers should be used in patients with

asymptomatic left ventricular dysfunction and a history of myocardial infarction in order to 

prevent or delay the onset of HF or prolong life.
11,49

 Besides these general recommendations,

several practical aspects should be considered when treating patients with diabetes. Given the 

higher prevalence of chronic kidney disease in diabetes, monitoring of creatinine and serum 

electrolytes, especially potassium, is recommended when starting or titrating the dose of ACE 

inhibitors or ARBs. The use of beta-blockers may alter awareness of hypoglycemia by 
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decreasing palpitations and tremor and prolonging recovery by blocking β2-receptors which 

partly control glucose production in the liver. Therefore, the use of insulin or sulfonylureas 

should be limited, as these agents are associated with increased rates of hypoglycaemia.    

6.3 Stage C 

Stage C refers to patients with structural heart disease with prior or current symptoms of 

HF.
49

 In these patients, the goal is to reduce symptoms in order to improve the quality of life

and to delay disease progression.  

Diuretics are recommended for all patients to improve signs and symptoms of congestion 

even though thiazide diuretics can increase insulin resistance and subsequent worsen 

glycaemic control.
11,49

 In addition to ACE inhibitors or ARBs, the use of beta-blockers, is

recommended as first-line treatment in symptomatic HFrEF patients in a non-acute setting as 

they reduce HF hospitalization and death.
11,49

 If HFrEF patients are still symptomatic, the

addition of a MRA, such as spironolactone or eplerenone, is recommended to reduce 

mortality and hospitalization for HF.
11,49

 The ARNI sacubitril/valsartan is recommended as a

replacement for an ACE inhibitor to further reduce the risk of HF hospitalization and death in 

ambulatory patients with HFrEF who remain symptomatic despite optimal treatment with an 

ACE inhibitor, a beta-blocker and a MRA.
11,49

 In symptomatic patients with left ventricular

ejection fraction ≤35%, in sinus rhythm with a heart rate above 70 bpm despite optimal 

medical treatment, ivabradine should be considered as it was associated with a reduction in 

cardiovascular mortality and hospitalization rates.
11,49

 In these patients, implantable

cardioverter-defibrillators (ICDs) should also be evaluated both for primary and secondary 

prevention of sudden cardiac death. Current guidelines recommend the implantation of such 

devices after a minimum 3-month period of optimal medical treatment without an increase in 

left ventricular EF and in patients whose expectancy of life is more than one year.
11,49

 The

implantation of a cardiac resynchronization therapy-defibrillator (CRT-D), rather than 
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medical therapy alone or the implantation of an ICD, should be considered in patients with 

left ventricular ejection fraction ≤35% and a QRS duration ≥130 msec,
11,49

 The benefit of

resynchronization therapy is similar in diabetic and non-diabetic patients.  

6.4 Stage D 

Stage D HF is the advanced stage of the disease referring to refractory HF requiring 

specialized interventions.
49

 The European Society of Cardiology (ESC) defines advanced HF

as the presence of severe cardiac dysfunction with critical and persistent symptoms (NYHA 

class III-IV), episodes of pulmonary or systemic congestion or of low output and serious 

impairment of exercise capacity.
64

 Congestion is usually treated with loop diuretics; however,

in advanced HF, patients can be resistant to the latter. In this case it can be useful to add 

thiazide diuretics or aldosterone antagonists and, when insufficient, ultrafiltration should be 

considered as it showed to reduce HF events.
65

 For a short-term period, inotropes may be

helpful as a bridge to mechanical circulatory support devices or transplant; in particular, the 

intermittent use of levosimendan seems to confer hemodynamic benefits and to reduce 

hospitalization.
66,67

 Short-term mechanical circulatory support devices can be used as a bridge

to recovery or bridge to decision.
68

 Long-term mechanical circulatory support devices, in

particular left ventricular assist devices (LVADs), showed an improvement in quality of life 

and survival in advanced HF patients.
69

Heart transplantation is the gold standard for the treatment of selected patients with advanced 

HF.
11,49

 Diabetes mellitus is not considered an absolute contraindication for transplant,

however a persistent poor glycemic control or the presence of end-organ damage other than 

non-proliferative retinopathy is a relative contraindication.
70
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7. Effects of glucose-lowering agents on HF

While achieving A1C targets of <7% (53 mmol/mol) is generally recommended for non-

pregnant adults, the devastating cardiovascular consequences of hypoglycemia claim for less 

stringent and personalized glycaemic targets and for drugs with low hypoglycaemic risk and 

proved cardiovascular safety/efficacy profiles in patients at high cardiovascular risk.
71

 In this

regard, this last decade has been characterized by the publication of various randomized 

controlled trials designed to assess cardiovascular safety of T2D treatments (Table 2). 

Nowadays, the scenario of glucose-lowering therapy has radically changed, since clear 

evidence of cardiovascular benefits associated with two novel anti-diabetes drug classes have 

been shown.
72

 The present section is focused on the impact of glucose-lowering agents on

HF.  

7.1 Metformin 

Although no prospective randomized trial with metformin in diabetic patients with prevalent 

HFrEF is available, retrospective and cohort studies showed that metformin was safe at all 

stages of HF and resulted in lower all-cause mortality and HF readmission in individuals with 

both T2D and HF compared with controls (mostly sulfonylurea therapy).
73,74

 Accordingly,

the current ESC/European Association for the Study of Diabetes (EASD) guidelines 

recommend treatment with metformin in patients with HF and estimated glomerular filtration 

rate >30 ml/min/1.73m
2
 (class IIa, level of evidence C).

32
 While metformin mechanisms of

action have not been fully clarified yet, some lines of evidence suggest that the AMPK 

activation stimulated by metformin may play an important role in preventing HF 

progression.
75

 However, metformin also exerts anti-inflammatory effects attenuating

myocardial fibrosis, reducing superoxide production and increasing NO bioavailability.
76,77
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7.2 Sulfonylureas 

Data regarding the effects of sulfonylureas on HF are currently lacking. Although some 

authors showed a higher risk of death and HF incidence in patients treated with sulfonylureas, 

compared with those using metformin alone
78,79

 or in combination with dipeptidyl peptidase

(DPP)-4 inhibitors,
80

 other groups failed to find an association between this class of drugs

and HF.
81,82

 Moreover, the higher risk of adverse events and death observed with

sulfonylureas appears to be more related to hypoglycaemic events rather than to a direct 

effect on ventricular function. 

7.3 Thiazolidinediones 

Thiazolidinediones have been shown to increase the risk of HF and are not recommended for 

the treatment of diabetic patients with HF or at risk of developing it.
32

 The two major

outcome trials evaluating rosiglitazone and pioglitazone, RECORD
83,84

 and PROACTIVE
85–

87
 respectively, identified a substantial increase in the risk of HF. Fluid retention by 

thiazolidinediones plays a key pathophysiologic role in rising hospitalizations for HF due to 

the increase of edema. Indeed, even though the activation of PPAR-γ mediated by this class 

of glucose-lowering agents confers significant metabolic benefits, it also increases Na+ and 

water retention in distal tubules, arterial vasodilatation, and, consequentially, vascular volume 

capacity and capillary permeability, potentially worsening pre-existing HF. In addition, the 

use of rosiglitazione was associated with a significant 57% increased risk of bone fractures.
83
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7.4 Dipeptidyl peptidase-4 inhibitors 

DPP-4 inhibitors act by upregulating the beneficial effects of the incretin system on glucose 

metabolism by inhibiting incretins’ degradation. Incretin receptors are expressed in several 

organs, including the heart, suggesting many pleiotropic effects may be achieved with these 

molecules. Notably, DPP-4 inhibitors showed some cardioprotective actions on ischemic 

injury and HF in preclinical models, via both incretin–dependent and independent effects
88

thanks to the inhibition of SDF-1α (stromal cell-derived factor-1α).
89

 However, these

cheering pre-clinical results have not been confirmed in randomized clinical trials. Rather, 

some concerns have been raised with the DPP-4 inhibitor saxagliptin, since the SAVOR-

TIMI 53 trial reported a 27% increased risk of hospital admission for HF in subjects with 

diabetes treated with saxagliptin compared to placebo.
90

 Based on this evidence, the current

ESC/EASD guidelines suggest to avoid this drug for treatment of T2D patients with a high 

risk of HF.
32

 This finding, however, was not confirmed by trials assessing cardiovascular

safety of other DPP-4 inhibitors. In the EXAMINE trial, alogliptin was not associated with 

increased risk of HF hospitalization in the whole population but just a signal was noted in the 

subgroup of patients without previous history of HF.
91

 TECOS and CARMELINA trials

showed a neutral effect with sitagliptin
92

 and linagliptin,
93,94

 respectively. Finally, vildagliptin

has been found to increase left ventricular volumes with no significant effect on left 

ventricular ejection fraction.
95

 No further major adverse events have been reported with the

use of DPP-4 inhibitors. 
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7.5 Glucagon-like peptide 1 receptor agonists 

Studies in animal models observed that glucagon-like peptide 1 (GLP1) improves left 

ventricular function and exercise capability, probably by enhancing myocardial glucose 

uptake and decreasing oxidative stress.
88,96–98

 Furthermore, in ischemic HF models they

improved cardiac contraction through different pathways such as PI3K, Akt, and ERK1/2 and 

attenuated post-ischemic left ventricular remodelling by activating 

AMPK/eNOS/cGMP/PKG pathways.
99,100

However, GLP1 receptor agonists (RA) did not show significant benefits in terms of HF 

prevention in humans. In the phase 2 FIGHT study, the use of liraglutide in patients recently 

hospitalized with advanced HFrEF did not lead to greater post-hospitalization clinical 

stability compared with placebo.
101

 Nathanson and colleagues observed that the infusion of

exenatide in T2D patients with HFrEF had no direct effects on left ventricular function.
102

Furthermore, the large cardiovascular outcomes trials testing the different GLP1-RAs did not 

show significant improvements in HF outcomes, although a recent meta-analysis including all 

these studies observed an overall reduction of hospital admission for HF of 9%.
103

 Treatment

with GLP1-RAs was commonly well tolerated with mean permanent discontinuation rates of 

23% (in line with other clinical trials)
104

 and no major adverse events reported apart from

gastrointestinal symptoms such as nausea.
103

 Although these findings may not apply to some

groups of patients who were generally excluded from randomized investigations (ie, those 

with NYHA class IV HF, estimated glomerular filtration rate <30 ml/min or end-stage renal 

disease, personal or family history of medullary thyroid cancer or multiple endocrine 

neoplasia, pancreatitis, severe hypoglycemia in the past year, alanine transaminase >3 ULN 

or total bilirubin >1.5 ULN), results from a subsequent real-world cohort study aimed to 

assess the cardiovascular effectiveness of GLP-1 RA in routine clinical practice were 

generally consistent with randomized studies.
105

 In summary, there are still no sufficient data
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proving beneficial effects of GLP1-RA specifically on HF, nonetheless they should be 

considered for the treatment of patients with T2D at increased cardiovascular risk, including 

those having HFrEF, for their effects on the reduction of major cardiovascular events.
32

7.6 SGLT2 inhibitors   

The most exciting data concerning the beneficial effects of glucose-lowering agents on HF 

come from three large-scale cardiovascular outcome trials using SGLT2 inhibitors in more 

than 34,000 patients with T2D, of whom 60% had established cardiovascular disease and 

11% had previous HF.
106

 These studies demonstrated for the first time that a class of glucose-

lowering agents has a remarkable effect to reduce the incidence of cardiovascular death and 

hospitalization for HF in patients with T2D (HR 0.77; 95% CI 0.71-0.84, p<0.0001), 

independently from previous history of atherosclerotic cardiovascular disease and of HF.
106

Interestingly, these benefits emerged early after the initiation of the treatment and persisted 

for the entire duration of follow-up (2-5 years) with consistent results across the different 

trials. Of note, these three trials did not include patients with estimated glomerular filtration 

rate <30 ml/min, liver disease, severe hypoglycemia in the six months, history of bladder 

cancer, chronic cystitis and/or recurrent urinary tract infections. 

The EMPA-REG OUTCOME was the first trial demonstrating a 34% risk reduction of 

cardiovascular death and HF hospitalization (35% risk reduction for the individual 

component of HF hospitalization) in the empaglifozin-treated group, corresponding to a 

number needed to treat to prevent one event of the composite outcome of 35 over 3 years; 

this reduction even reached 40% in patients with glomerular filtration rates between 30 and 

60 ml/min/1.73m
2
 at baseline.

107
 While no subgroup analysis by preserved or reduced

ejection fraction was presented in the EMPA-REG, the ongoing EMPEROR-Reduced trial, 

which has enrolled only patients with HFrEF with or without T2D, will provide further 
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clarification on benefits of empaglifozin in subjects with lower levels of left ventricular 

ejection fraction whereas the ongoing EMPEROR-Preserved will elucidate the efficacy and 

safety of empagliflozin in patients with HFpEF.
108,109

 In terms of safety and tolerability, rates

of patients with adverse events leading to study drug discontinuation were significantly lower 

in the pooled empagliflozin arms compared to placebo  but genital infections were more 

common in those treated with empagliflozin (6.4% vs. 1.8%, p<0.001).
107

After the EMPA-REG OUTCOME, also the CANVAS trial program showed that 

canagliflozin significantly reduces the risk of CV death and HF hospitalization by 22% and 

HF hospitalization by 33% (8.7 vs. 5.5 per 1,000 patient-years) although a greater risk of 

genital infections, fractures and amputation, primarily at the level of the toe or metatarsal was 

reported (6.3 vs. 3.4 per 1,000 for the latter adverse event).
110

Consistently, also the DECLARE-TIMI 58 trial confirmed a significant 17% reduction in the 

risk of cardiovascular death and HF hospitalization with dapagliflozin which mainly reflected 

a lower rate of hospitalization for HF (HR 0.73; 95% CI 0.61-0.88).
111

 The results of the

DECLARE‐ TIMI 58 added substantial knowledge about the cardiovascular effects of 

SGLT2 inhibitors, mainly impacting HF outcomes.
112

 In addition, an interesting DECLARE

post-hoc analysis investigated the impact of baseline left ventricular ejection fraction on the 

clinical benefit of dapagliflozin.
113

 Of 17,160 patients included in the study, 3.9% had HFrEF

(defined as baseline ejection fraction <45%), 7.7% had HF without known reduced ejection 

fraction, and 88.4% had no history of HF at baseline. Dapagliflozin reduced cardiovascular 

death and hospitalization for HF in all patients with a more pronounced effect in those with 

HFrEF than in those without HFrEF (HR 0.62 vs. 0.88, respectively; p for interaction 0.046). 

Instead, the reduction in cardiovascular mortality was seen only in patients with HFrEF 

treated with dapagliflozin but not in those without HFrEF (HR 0.55 vs. 1.08, respectively; p 

for interaction 0.012).
113
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Subsequent real-world studies confirmed randomized data across a broad range of patient 

characteristics.
114,115

Dapagliflozin was also the first SGLT2 inhibitor tested in a randomized trial, DAPA-HF, 

specifically designed to evaluate HF outcomes in patients with HFrEF.
116

 In this trial, 4744

patients with NYHA class II, III, or IV HF and an ejection fraction ≤40% (with or without 

diabetes) were randomly assigned to receive either dapagliflozin or placebo, in addition to 

recommended therapy. Over a median follow-up of 18.2 months, the primary outcome of 

worsening HF (hospitalization or an urgent visit resulting in intravenous therapy for HF) or 

cardiovascular death occurred in 16.3% of patients in the dapagliflozin group and in 21.2% in 

the placebo group (HR 0.74; 95% CI 0.65-0.85; p<0.001). In addition, dapagliflozin 

improved symptoms, physical function, and quality of life, with a low rate of study drug 

discontinuation.
117

 Findings in patients with diabetes were similar to those in patients without

diabetes.
116

A lively debate regarding the potential mechanisms responsible of this cardiovascular 

protection is still ongoing. The diuretic effects of SGLT2 inhibitors may play a key role by 

reducing cardiac workload and myocardial oxygen consumption
118,119

 resulting in a

favourable influence on ventricular remodelling.
120

 Moreover, the observation that therapy

with SGLT2 inhibitors is associated with increased haematocrit has led to the hypothesis that 

these drugs might increase oxygen delivery to the myocardium.
121

 Another possible

mechanism of action might be linked to their ketogenic effect. Indeed, SGLT2 inhibitors 

might positively influence energy balance of the heart by increasing circulating levels of 

ketones, promoting a shift in myocardial fuel utilization from glucose to ketone bodies and 

free fatty acids.
122

 In contrast, the benefits of dapagliflozin on HF in both patients with or

without T2D, weaken the hypothesis that these drugs reduce HF-related endpoints primary 

mitigating glycemia-related cardiotoxicity.  
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In summary, although the mechanisms underlying the beneficial cardiovascular effects of 

SGLT2 inhibitors are not well-defined yet, randomized trials reported findings that are 

clinically relevant and remarkably consistent, both qualitatively and quantitatively. Moreover, 

DAPA-HF results pave the path to a broader use of these agents in patients at increased risk 

of developing or worsening HF irrespective of diabetes. Practice guidelines currently 

recommend the use of SGLT2 inhibitors (empagliflozin, canagliflozin, and dapagliflozin) to 

lower the risk of HF hospitalization in patients with diabetes.
32

 However, to date it is not

clear whether their benefit may be definitely extended to patients with HF with preserved 

ejection fraction and in the acute setting.   

8. Conclusions and future perspectives

It is now well-established that pathways leading to cardiovascular disease in patients with 

diabetes go far beyond atherosclerotic coronary artery disease and also include microvascular 

dysfunction manifesting as endothelial swelling and/or degeneration and thickening of the 

capillary basement membrane, autonomic neuropathy and increased cardiac workload. All 

together, these pathways contribute to the structural and functional changes causing HF, 

which is emerging as the tip of the iceberg of the cardiac involvement in diabetes. As 

discussed above, the link between diabetes and HF is bidirectional, giving rise to a deadly 

vicious cycle that novel glucose-lowering drugs could help to break. However, the journey 

towards a full understanding and a successful management of HF in diabetes is just 

beginning. Future studies looking at more precise risk stratification tools, tailored therapy and 

mechanisms responsible for the HF protection conferred by SGLT2 inhibitors in patients with 

and without diabetes are claimed. 
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TABLES 

Table 1. Summary of major strategies for the management of heart failure in diabetes 

Stage Definition Recommendations Practical considerations in diabetes 

A 

patients at high risk 

for HF but without 

structural heart 

disease or actual 

symptoms 

suggestive of HF 

 lifestyle modifications

 treatment of risk factors
- 

B 

patients with 

structural heart 

disease (ie, prior MI 

or valvular heart 

disease) but without 

signs or symptoms 

of HF 

 lifestyle modifications

 ACE-I or ARB in left ventricular

dysfunction or stable CAD 

 beta-blocker in left ventricular

dysfunction or prior MI 

 SGLT2 inhibitors in diabetes

 monitoring of creatinine and serum

electrolytes, especially potassium in 

patients treated with ACE-I or ARB 

 awareness of hypoglycemia in

patients treated with a beta-blocker 

 avoid thiazolinediones

 avoid saxagliptin

C 

patients with 

structural heart 

disease with prior or 

current symptoms of 

HF 

 lifestyle modifications

 salt and fluid restriction

 ACE-I or ARB

 beta-blocker

 MRA if EF <35%

 ARNI if EF <35%

 ivabradine if EF <35% and HR

≥70 bpm in sinus rhythm 

 SGLT2 inhibitors in diabetes

 diuretics to relieve symptoms

 consider ICD/CRT

 considerations listed in stage B

 awareness of volume depletion in

case of concomitant use of SGLT2 

inhibitors and diuretics 

D patients with 

refractory HF 

 treatments listed in stage C

(avoid beta-blocker in the acute 

 considerations listed in stages B and

C 
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requiring 

specialized 

interventions 

phase) 

more advanced treatment options 

includes: 

 heart surgery

 continuous infusion of

intravenous inotropic drugs 

 ultrafiltration

 heart transplant

 ventricular assist devices

 palliative or hospice care

 a persistent poor glycemic control or

the presence of end-organ damage 

other than non-proliferative 

retinopathy is a relative 

contraindication to heart transplant 

HF=heart failure; ACE-I=ACE inhibitors; ARB=angiotensin receptor blocker; CAD=coronary artery disease; 

MI=myocardial infarction; MRA=mineralocorticoid/aldosterone receptor antagonist; ARNI= angiotensin receptor-

neprilysin inhibitor; SGLT2=sodium glucose transporter 2; HR=heart rate; ICD=implantable cardiac defibrillator; 

CRT=cardiac resynchronization therapy.  
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Table 2. Effects of different glucose-lowering agents on heart failure: results from cardiovascular outcome trials 

Drug 

class 
Trial and agent N Primary endpoint 

FUP 

duration 

HF endpoint for 

tested agent vs 

placebo 

Relevant adverse 

events (p<0.05) 

TZD 

PROactive, 

Pioglitazone 
5238 

all-cause mortality, MI or 

ACS, stroke, coronary or 

leg revascularization, leg 

amputation 

34.5 

months 

any HF events 

11% vs 8%, p<0.0001 

Pneumonia 

RECORD, 

Rosiglitazone 
4447 

CV hospitalization or 

CVD 
5.5 years 

HF death or 

hospitalization 

HR 2.10, p<0.05 

upper and distal 

lower limb 

fractures 

DDP-4i 

EXAMINE, 

Alogliptin 

5380 CVD, MI, stroke 
18 

months 
not reported None 

SAVOR-TIMI 

53, 

Saxagliptin 

16492 
CVD, MI or ischemic 

stroke 
2.1 years 

HF hospitalization 

HR 1.27, p=0.007 

nonfatal 

angioedema, renal 

abnormality 

TECOS, 

Sitagliptin 

14671 

CVD, MI, stroke, or 

hospitalization for 

unstable angina 

3.0 years 
HF hospitalization HR 

1.00, p>0.05 
none 

CARMELINA, 

Linagliptin 
6979 CVD, MI, stroke 2∙2 years 

HF hospitalization 

HR 0.90, p>0.05 

none 

GLP-1 

receptor 

agonists 

ELIXA, 

Lixisenatide 

6068 

CVD, MI, stroke, or 

hospitalization for 

unstable angina 

25 

months 

HF hospitalization HR 

0.96, p>0.05 

gastrointestinal 

events 

LEADER, 

Liraglutide 

9340 CVD, MI, stroke 3∙8 years 
HF hospitalization HR 

0.87, p>0.05 

acute gallstone 

disease, 

gastrointestinal 

events 

SUSTAIN-6 

Semaglutide 

3297 CVD, MI, stroke 
104 

weeks 

HF hospitalization HR 

1.11, p>0.05 

gastrointestinal 

events 

EXSCEL, 

Exenatide 

14752 CVD, MI, stroke 3.2 years 
HF hospitalization HR 

0.94, p>0.05 
None 

HARMONY, 

Albiglutide 

9463 CVD, MI, stroke 1.6 years 

CVD or HF 

hospitalization 

HR 0.85, p>0.05 

injection site 

reactions 
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REWIND, 

Dulaglutide 

9901 CVD, MI, stroke 5.4 years 

HF hospitalization or 

urgent visit 

HR 0.93, p>0.05 

gastrointestinal 

events 

SGLT2i 

EMPA-REG, 

Empagliflozin 

7020 CVD, MI, stroke 3.1 years 

HF hospitalization 

HR 0.65, p<0.05 

genital infections 

CANVAS, 

Canagliflozin 

10142 

CVD, MI, stroke 
188.2 

weeks 

HF hospitalization 

HR 0.67, p<0.05 

genital infections, 

fractures, minor 

amputations 

DECLARE-

TIMI 58, 

Dapagliflozin 

17160 

1. MACE

2. CVD of HF

hospitalization 

4.2 years 

CVD or HF 

hospitalization 

HR 0.83, p=0.005 

HF hospitalization HR 

0.73, p<0.05 

genital infections, 

diabetic 

ketoacidosis 

DAPA-HF*, 

Dapagliflozin 

4744 
CVD or worsening HF 

event 

18.2 

months 

CVD or worsening 

HF event  

HR 0.74, p<0.001 

Worsening HF event 

HR 0.70, p<0.05 

genital infections, 

diabetic 

ketoacidosis 

*DAPA-HF was the only trial testing a SGLT2 inhibitor vs placebo in addition to recommended therapy in patients with HF

(LVEF ≤40%, NYHA class II-IV) with and without diabetes. 

FUP=follow-up; HF=heart failure; TZD= thiazolidinediones; CV=cardiovascular; CVD=cardiovascular death; 

MI=myocardial infarction; ACS=acute coronary syndrome; MACE=major adverse cardiovascular events; DDP-4i= 

dipeptidyl peptidase 4 inhibitors; GLP-1=glucagon-like peptide 1; SGLT2= sodium glucose transporter 2. 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/doi/10.1210/clinem
/dgaa427/5866664 by guest on 16 July 2020



38 

FIGURES 

Figure 1. Panel A. Prevalence of heart failure in type 2 diabetes in randomized and observational studies; Panel B. 

Prevalence of diabetes in heart failure in randomized and observational studies.  

HF=heart failure; DM=diabetes mellitus. Transformed from ref 
17–21

. 
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