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Abstract

Diabetes affects approximately 463 million people worldwide, and this number is projected to reach 700
million by 2045. The most significant cause of increased mortality among diabetic patients is cardiovascular
disease, with heart failure (HF) being one of the most commonly observed conditions within this group.
Type 2 diabetes mellitus (T2DM), characterized by insulin resistance, accounts for more than 90% of all
diabetes cases. Patients with T2DM have twice the risk of developing HF compared to non-diabetic
individuals. The connection between diabetes mellitus (DM) and HF extends beyond the complications of
ischemic heart disease, encompassing metabolic disturbances such as glucose toxicity and lipotoxicity
resulting from insulin resistance, as well as vascular endothelial dysfunction, microcirculatory
abnormalities, and capillary insufficiency. Lifestyle modifications for individuals with T2DM involve
engaging in regular physical activity, maintaining a balanced diet, quitting smoking, and reducing alcohol
consumption. For patients with reduced ejection fraction HF [heart failure with reduced ejection fraction
(HFrEF)] and T2DM, guideline-recommended medical therapies [including ARNI, angiotensin converting
enzyme inhibitors (ACEi), angiotensin receptor blockers (ARBs), beta-blockers, mineralocorticoid receptor
antagonists (MRAs), and sodium glucose co-transporter-2 (SGLT2) inhibitors] should be considered. Recent
large randomized controlled trials have demonstrated that SGLT2 inhibitors improve cardiovascular
outcomes, including all-cause mortality, independent of diabetes status. This review will focus on the
epidemiology, pathophysiology, risk factors for HF development, and treatment approaches in diabetic
patients, particularly those with T2DM and systolic HF.
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Introduction

Diabetes affects approximately 463 million people worldwide, and this number is projected to reach 700
million by 2045 [1]. According to 2019 data, 1.5 million people globally died from diabetes and its
complications [2]. The most significant cause of increased mortality among diabetic patients is
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cardiovascular disease, with heart failure (HF) being one of the most commonly observed conditions within
this group [3-5].

Type 2 diabetes mellitus (T2DM), which is marked by insulin resistance, represents over 90% of all
diabetes cases [6]. Patients with T2DM have twice the risk of developing HF compared to non-diabetic
individuals [7]. Therefore, it is crucial for diabetic patients to manage traditional risk factors for HF—such
as hypertension (HT), smoking, elevated blood glucose levels, and hyperlipidemia—at optimal levels.

Observational studies suggest that undiagnosed HF may be common in diabetic patients, with
approximately 25% having heart failure with reduced ejection fraction (HFrEF) and 75% having heart
failure with preserved ejection fraction (HFpEF) [8, 9].

Patients with HF and diabetes typically experience poorer clinical outcomes compared to those without
diabetes, often presenting with higher rates of ischemic etiology, increased body mass index (BMI),
elevated heart rate, systolic blood pressure, creatinine levels, and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) levels [10]. Cardiovascular mortality, including deaths resulting from worsening HF, is
50-90% higher in patients who have both HF and diabetes, irrespective of the HF phenotype [11]. In
patients with worsening HFrEF, newly diagnosed prediabetes has been independently linked to an
increased long-term risk of all-cause mortality and cardiovascular death, highlighting the critical need for
prediabetes screening in this group [12].

The main contributors to HF in individuals with diabetes include coronary artery disease (CAD),
chronic kidney disease (CKD), HT, and the direct impact of insulin resistance and hyperglycemia on the
myocardium [13]. CAD in diabetic patients is often accelerated, more severe, diffuse, and asymptomatic,
which heightens the risk of myocardial infarction (MI) and ischemic myocardial dysfunction. Better blood
pressure control is associated with a reduced risk of HF development. Observational data also identify
longer diabetes duration, age, increased BMI, and CKD as predictors of HF in diabetic patients. Even in the
absence of CAD or HT, complex pathophysiological mechanisms may contribute to myocardial dysfunction
[8].

This review will focus on the epidemiology, pathophysiology, risk factors for HF development, and
treatment approaches in diabetic patients, particularly those with T2DM and systolic HF.

Heart failure in diabetes

Epidemiology

HF is rapidly increasing in individuals with diabetes mellitus (DM) and is associated with high mortality
and morbidity rates [14]. A recent study involving 3.25 million participants highlighted that the presence of
DM is associated with a twofold higher incidence of HF. Factors such as longer DM duration and poor
glycemic control have been identified as indicators of increased HF risk [15]. However, HF can also develop
in young individuals with newly diagnosed DM [16]. Diabetic cardiomyopathy has been shown to be more
common in diabetic women than in men, which may be attributed to estrogen’s functional role in regulating
insulin sensitivity [14]. Studies have particularly observed higher prevalence rates of HF in women with
T2DM [17, 18]. This gender disparity is explained by factors such as distinct hormonal profiles, increased
BM]I, blood pressure, and the timing of diabetes diagnosis in women [18, 19].

Racial disparities in the prevalence of DM among individuals with HF have been observed. Multiple
studies report that the prevalence of DM in HF patients ranges from 47% to 56% among Black, Hispanic,
and Native American populations [20, 21].

Since insulin resistance or the development of DM is prevalent among individuals with HF, the
relationship between these two conditions is bidirectional. In a registry of 7,488 HF patients, a DM
prevalence of 29% was reported [3]. However, the prevalence of DM among HF patients varies across
studies. Over 20% of HF patients exhibit pathological glucose homeostasis, with clinical studies on acute HF
reporting prevalence rates as high as 47% [9]. Data from various registries show that the prevalence of DM
among patients with HF ranges from approximately 25% to 40%, depending on the specific population
studied [22].
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Risk factors of for HF in T2DM

In T2DM, the primary factor directly and indirectly influencing HF development is hyperglycemia. Glycemic
control is an independent predictor of HF in T2DM [23]. Additionally, the duration of diabetes increases the
risk of HF by 17% every five years [24]. Furthermore, 70% of T2DM patients have HT [25]. Elevated blood
pressure is associated with increased aortic stiffness, more severe cardiac structural and functional
abnormalities, coronary microvascular dysfunction, and a higher risk of HF [26-28].

Approximately 60% of T2DM patients are obese, with central abdominal obesity and high fat mass
index linked to an increased risk of HF in this population [29-31]. CKD is observed in 40% of T2DM
patients and impaired kidney function along with albuminuria are strong independent predictors of HF in
T2DM [31]. Dyslipidemia, characterized by elevated non-HDL cholesterol or decreased HDL levels, is also
an independent risk factor for HF [32]. Other independent risk factors for HF development include poor
glycemic control, hypoglycemia, and excessive variability in glycemic parameters [33, 34].

Reducing or managing these risk factors can lower the risk of HF in T2DM patients. While these risk
factors are consistent for both HFrEF and HFpEF, certain characteristics differ between the two groups.
Female gender, obesity, and physical inactivity are more common in the HFpEF group, whereas male
gender and CAD are more frequently observed in HFrEF [35].

Pathophysiology

The relationship between DM and HF is not solely based on complications of ischemic heart disease but also
involves metabolic disorders such as glucose toxicity and lipotoxicity due to insulin resistance, vascular
endothelial dysfunction, microcirculation abnormalities, and capillary insufficiency. It has been suggested
that cardiac dysfunction in the absence of significant CAD, HT, or valvular heart disease should be termed
“diabetic cardiomyopathy” [36].

There are different types of HF associated with DM [37]. The development of HF and cardiac
dysfunction in DM, along with associated risk factors, is summarized in Figure 1 [38].

Advanced glycation end products, increased reactive oxygen species (R0OS), and renin-angiotensin-
aldosterone system (RAAS) activity

Diabetes-induced hyperglycemia and hyperinsulinemia lead to capillary damage, myocardial fibrosis, and
mitochondrial dysfunction, contributing to myocardial hypertrophy [39]. Hyperglycemia results in the
formation of advanced glycation end products (AGEs), which are glycosylated proteins or lipids formed
after prolonged glucose exposure. AGEs cross-link with extracellular matrix proteins, increase fibrosis, and
impair myocardial relaxation. Additionally, AGEs promote an increase in cytosolic reactive oxygen species
(ROS), inflammation, and intracellular damage [40]. Glycosylated molecules initiate inflammatory signaling,
promote apoptosis, fibrotic remodeling, and immune cell infiltration. The accumulation of AGEs is a driving
factor for microvascular damage in diabetes.

Chronic activation of the renin-angiotensin-aldosterone system (RAAS) is observed in diabetic patients.
Elevated angiotensin II (AT-II) levels cause vasoconstriction, increase afterload, and promote left
ventricular (LV) hypertrophy. AT-II also supports collagen production and extracellular matrix protein
accumulation, leading to myocardial contractile dysfunction [36]. This condition is associated with
cardiomyocyte stiffness and myocardial collagen deposition [37]. Consequently, increased myocardial
stiffness results in systolic/diastolic dysfunction, reduced myocardial strain, atrial enlargement, and higher
atrial fibrillation prevalence in diabetic patients [41].

Myocardial lipotoxicity

Excess free fatty acids, due to DM and obesity, primarily accumulate as triglycerides in adipose tissue.
Ectopic fat deposits in non-adipose organs, such as the myocardium, liver, and skeletal muscle, disrupt
mitochondrial function and lead to organ dysfunction [42]. Lipotoxicity in cardiomyocytes manifests as fat
accumulation and lipid droplets. Increased oxidative stress and inflammation result in cardiac fibrosis and
hypertrophy [42].
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Figure 1. Mechanisms of systolic dysfunction in diabetic subjects

In the liver and skeletal muscle, fat deposition induces chronic inflammation and insulin resistance,
leading to impaired glucose tolerance, dyslipidemia, and HT. Excess fatty acids accumulate as lipid droplets
and triglycerides in cells while increasing diacylglycerol and ceramide levels [36]. Diacylglycerol
exacerbates insulin resistance and oxidative stress through protein kinase C activation. Ceramide induces
mitochondrial dysfunction and oxidative stress, contributing to LV hypertrophy and cardiac dysfunction
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[43]. Glucagon-like peptide-1 receptor agonists (GLP-1RAs), such as semaglutide, have demonstrated
significant benefits in managing HFpEF, particularly in patients with obesity and type 2 diabetes. The STEP-
HFpEF trial, a randomized controlled study published in the New England Journal of Medicine, evaluated the
effects of semaglutide in this patient population. Participants receiving semaglutide experienced notable
improvements in HF symptoms, physical function, and quality of life compared to those on placebo.
Additionally, semaglutide led to substantial weight loss and reductions in inflammatory markers,
suggesting a multifaceted mechanism of action. These findings highlight the potential of GLP-1RAs as a
therapeutic option for HFpEF, addressing both metabolic and cardiovascular aspects of the disease [44].

Mitochondrial dysfunction

In diabetes, progressive mitochondrial dysfunction in cardiomyocytes leads to lipid accumulation,
increased ROS production, and exacerbation of diabetic cardiomyopathy. Mitochondrial bioenergetic
impairment disrupts intracellular calcium handling, causing abnormalities in myocardial contraction and
relaxation [44]. Dysfunctional mitochondria undergo mitophagy, a protective autophagic process that
clears abnormal mitochondria and reduces myocardial apoptosis. However, excessive mitophagy can
exacerbate myocardial damage in diabetic cardiomyopathy [36, 44].

Cardiac autonomic dysfunction

Cardiac autonomic neuropathy involves abnormalities in heart rate control, vascular hemodynamics, and
cardiac structure and function. Hyperglycemia triggers oxidative stress and the accumulation of toxic
glycosylation products, leading to neuronal dysfunction and death [44].

Abnormal myocardial calcium handling

In murine models of T2DM, increased intracellular resting Ca?*, delayed Ca®* transitions, reduced
sarcoplasmic reticulum Ca?* pumping, and impaired Ca?* reuptake result in contractile and relaxation
abnormalities [45].

Vasculopathy

Prolonged hyperglycemia leads to vasculopathy, with a linear relationship between glucose levels and
adverse effects. Both microvascular and macrovascular complications are major contributors to morbidity
and mortality in diabetic patients. Changes in endothelial and vascular smooth muscle cells play a key role
in vasculopathy. Regarding myocardial perfusion, DM induces both macrovascular and microvascular
ischemia, contributing to myocardial dysfunction [44].

Diagnosis

The presence of DM indicates that patients are at risk for HF and should be considered within the Stage A
HF category, as well as at high risk for progression to subsequent stages of HF. At this stage, controlling
blood glucose and other risk factors can alter the clinical risk of HF. According to ACC/AHA guidelines,
Stage B HF, also referred to as “pre-HF”, is associated with an increased risk of cardiovascular and all-cause
mortality, as well as progression to more advanced stages of overt HF. Many individuals with diabetes can
be classified as Stage B [46].

Recommended laboratory evaluations for patients with HF include natriuretic peptides, complete
blood count, urinalysis, serum electrolytes, blood urea nitrogen, serum creatinine, glucose, fasting lipid
profile, liver function tests, and thyroid function tests. Chest X-rays and a 12-lead electrocardiogram are
also advised. Imaging studies, such as transthoracic echocardiography, provide valuable information for
evaluating patients with suspected or confirmed HF [46].

Additionally, in diabetic patients with suspected CAD, stress testing, myocardial perfusion scintigraphy,
CT coronary angiography, and, if necessary, invasive coronary angiography should be performed.
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Treatment
Preventive treatment for HF in T2DM
Lifestyle modification

Lifestyle changes for patients with T2DM include regular exercise, a balanced diet, smoking cessation, and
minimizing alcohol intake. Epidemiological studies have shown that regular physical activity and a lower
BMI are associated with reduced cardiovascular mortality [47, 48]. In a 4-year follow-up study, weight loss
combined with appropriate exercise significantly reduced the risk of HF [47]. Reducing central obesity and
fat mass index is particularly effective in lowering HF risk [29].

Blood pressure control

HT is a common and modifiable risk factor in T2DM. A 10 mmHg reduction in systolic blood pressure in the
general population decreases HF risk by 28% [49]. HT control offers relatively greater risk reduction in
T2DM patients than in non-diabetic individuals [relative risk (RR) 0.84, 95% CI 0.72-0.98 vs. RR 0.75, 95%
CI 0.65-0.87]. The American Diabetes Association recommends maintaining blood pressure below 140/90
mmHg, which lowers the 10-year cardiovascular risk to less than 15%. In diabetic patients with
albuminuria, angiotensin converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARBs)
are preferred [50]. ACEi and thiazide diuretics have been shown to reduce HF risk more effectively than
calcium channel blockers [51].

Medical treatment

The treatment of HF in patients with and without diabetes is similar, but the effects of antidiabetic
medications on HF vary. Safe therapies that also reduce HF-related events should be prioritized. ACEi and
ARBs are recommended, particularly for Stage A or B HF patients with albuminuria and/or CAD.
Combination therapy with a thiazide diuretic or ACEi is more effective than calcium channel blockers in
preventing progression to symptomatic HF.

For patients with HFrEF and T2DM, guideline-recommended medical therapies [including ARNI, ACEj,
ARBs, beta-blockers, mineralocorticoid receptor antagonists (MRAs) and sodium glucose co-transporter-2
(SGLT2) inhibitors] should be considered. ARNI is the first-line treatment and is preferred over ACEi or
ARB:s.

MRAs are used in both HT and HF. While steroidal MRAs reduce albuminuria, they may cause
hyperkalemia, especially when combined with ACEi or ARBs [52]. Nonsteroidal MRAs, such as finerenone,
are more potent and cause less hyperkalemia, reducing the risks of HF and kidney disease [38].

Role of SGLT?2 inhibitors in HF

Recent large randomized controlled trials have demonstrated that SGLT2 inhibitors (SGLT2is) improve
cardiovascular outcomes, including all-cause mortality, independent of diabetes status [53]. These
inhibitors significantly reduce major adverse cardiovascular events and HF-related hospitalizations in
diabetic patients [54].

Mechanism of action of SGLT2i

SGLT inhibitors exert their antidiabetic effects by inhibiting glucose reabsorption in the proximal
convoluted tubules of the kidney. This mechanism leads to glucosuria and, simultaneously, natriuresis. The
resulting osmotic diuresis and natriuresis increase fluid excretion, contributing to reductions in blood
pressure and body weight. These effects collectively result in positive cardiovascular and renal outcomes.
Additionally, improved glycemic control promotes nitric oxide release, reducing oxidative stress.
Furthermore, SGLT2is exhibit beneficial effects on atherosclerosis [55].

By reducing sodium reabsorption in the proximal tubule, SGLT2is increase the sodium concentration
reaching the macula densa. This activates tubuloglomerular feedback, causing afferent arteriolar
vasoconstriction and a subsequent decrease in intraglomerular pressure [56].
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Randomized controlled trials, including EMPAREG, CANVAS, and DECLARE-TIMI, have demonstrated
that different SGLT2is (empagliflozin in EMPAREG, canagliflozin in CANVAS, and dapagliflozin in DECLARE-
TIMI) reduce glomerular hyperfiltration and albuminuria in patients with T2DM [57, 58].

Other studies have shown that while these agents initially cause a transient decline in glomerular
filtration rate (GFR), they subsequently promote long-term stabilization and even recovery of GFR values
[59]. This process, involving reduced intraglomerular pressure, is independent of blood pressure and
plasma glucose levels. It is also associated with a reduction in albuminuria and slower GFR decline [60].
Unlike other antidiabetic agents, SGLT2is reduce hypoxia and oxidative stress in the proximal tubule and
renal cortex. Due to these effects, they are referred to as the “beta-blockers of the kidney” [61].

In the DAPA-CKD trial, the dapagliflozin group demonstrated significant reductions in GFR decline,
progression to kidney failure, and renal and cardiovascular mortality compared to placebo [62].
Cardioprotective effects of SGLT2is

The cardioprotective effects of SGLTZ2is occur through natriuresis and diuresis. These effects lead to a
reduction in plasma volume, as well as decreased ventricular preload and afterload. SGLTZ2is operate
through several different mechanisms [63, 64], including:

1. Reduction in blood pressure.
Improvement in endothelial function.
Decrease in atherosclerosis.
Reduction in interstitial and intravascular volume.

Decrease in intraglomerular pressure.

2

3

4

5

6. Suppression of the renin-angiotensin system.

7. Increased insulin sensitivity in muscles, leading to enhanced glucose uptake.

8. Inhibition of gluconeogenesis and increased ketogenesis.

9. Regulation of cardiac energy metabolism.

10. Inhibition and reduction of myocardial Na*/H* exchange.

11. Suppression of inflammation and myocardial oxidative stress, reducing hypertrophy and fibrosis.

12. Improvement in cardiac remodeling.

SGLT2is in HF with reduced ejection fraction (DEFHF)

In primary prevention studies (EMPAREG OUTCOME, CANVAS, DECLARE TIMI-59), SGLTZ2is have shown
positive results in preventing HF development, despite the ejection fraction (EF) data not being available
for the participants [57, 65]. SGLTZ2is are thought to be effective in preventing both HFrEF and HFpEF.

The DAPA-HF study, which published findings on the effects of these medications in HFrEF patients,
showed that SGLT2is reduced the primary endpoint by 26%, which included HF worsening and
cardiovascular death. They reduced cardiovascular mortality by 18%, hospitalizations due to HF by 30%,
and all-cause mortality by 17%.

As a result of these studies, it is expected that SGLTZ2is will solidify their role as the fourth line of
treatment, following the core three drug classes for HF (ACEi, ARB, angiotensin receptor neprilysin
inhibitors, beta-blockers, and MRAs).

Conclusion

DM is an important risk factor for HF. Especially in patients with T2DM, HF is one of the major
cardiovascular events. To assess the risk of HF, clinical risk scores, echocardiography, and various
biomarkers should be used. In addition to traditional treatments (beta-blockers, ACEi, or ARBs), newly
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developed drugs used in HF, such as SGLTZ2is, finerenone, GLP-1 receptor agonists, and ARNIs, should be
considered. Moreover, in all patients with HF, regardless of whether they have DM, SGLTZ2is should be
considered due to their clinical and mortality benefits.
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SGLT2is: sodium glucose co-transporter-2 inhibitors

T2DM: type 2 diabetes mellitus

Declarations
Author contributions

[S: Conceptualization, Investigation, Writing—original draft, Writing—review & editing.

Conflicts of interest

The author declares that there are no conflicts of interest.

Ethical approval
Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Explor Endocr Metab Dis. 2025;2:101435 | https://doi.org/10.37349 /eemd.2025.101435 Page 8



Funding

Not applicable.

Copyright
© The Author(s) 2025.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1.

10.

11.

12.

13.

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al.; IDF Diabetes Atlas Committee.
Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes Atlas, 9™ edition. Diabetes Res Clin Pract.
2019;157:107843. [DOI] [PubMed]

Ahmad E, Lim S, Lamptey R, Webb DR, Davies MJ. Type 2 diabetes. Lancet. 2022;400:1803-20. [DOI]
[PubMed]

Lehrke M, Marx N. Diabetes Mellitus and Heart Failure. Am ] Cardiol. 2017;120:S37-47. [DOI]
[PubMed]

Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez M, Gale CP, et al. Type 2
diabetes and incidence of cardiovascular diseases: a cohort study in 1-9 million people. Lancet
Diabetes Endocrinol. 2015;3:105-13. [DOI] [PubMed] [PMC]

Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di Angelantonio E, Gao P, Sarwar N, et al,;
Emerging Risk Factors Collaboration. Diabetes mellitus, fasting glucose, and risk of cause-specific
death. N Engl ] Med. 2011;364:829-41. [DOI] [PubMed] [PMC(]

Xu G, Liu B, Sun Y, Du Y, Snetselaar LG, Hu FB, et al. Prevalence of diagnosed type 1 and type 2
diabetes among US adults in 2016 and 2017: population based study. BM]. 2018;362:k1497. [DOI]
[PubMed] [PMC]

Kenny HC, Abel ED. Heart Failure in Type 2 Diabetes Mellitus. Circ Res. 2019;124:121-41. [DOI]
[PubMed] [PMC]

Cosentino F, Grant PJ, Aboyans V, Bailey C], Ceriello A, Delgado V, et al.; ESC Scientific Document
Group. 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in
collaboration with the EASD. Eur Heart J. 2020;41:255-323. [DOI] [PubMed]

Pop-Busui R, Januzzi JL, Bruemmer D, Butalia S, Green JB, Horton WB, et al. Heart Failure: An
Underappreciated Complication of Diabetes. A Consensus Report of the American Diabetes
Association. Diabetes Care. 2022;45:1670-90. [DOI] [PubMed] [PMC(]

Petrie MC, Verma S, Docherty KF, Inzucchi SE, Anand I, Belohlavek ], et al. Effect of Dapagliflozin on
Worsening Heart Failure and Cardiovascular Death in Patients With Heart Failure With and Without
Diabetes. JAMA. 2020;323:1353-68. [DOI] [PubMed] [PMC]

McMurray J], Packer M, Desai AS, Gong ], Lefkowitz MP, Rizkala AR, et al.; PARADIGM-HF Investigators
and Committees. Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl ] Med.
2014;371:993-1004. [DOI] [PubMed]

Pavlovi¢ A, Polovina M, Risti¢ A, Seferovi¢ JP, Velji¢ I, Simeunovi¢ D, et al. Long-term mortality is
increased in patients with undetected prediabetes and type-2 diabetes hospitalized for worsening
heart failure and reduced ejection fraction. Eur ] Prev Cardiol. 2019;26:72-82. [DOI] [PubMed]
Seferovi¢ PM, Paulus W]J. Clinical diabetic cardiomyopathy: a two-faced disease with restrictive and
dilated phenotypes. Eur Heart J. 2015;36:1718-27. [DOI] [PubMed]

Explor Endocr Metab Dis. 2025;2:101435 | https://doi.org/10.37349/eemd.2025.101435 Page 9


https://dx.doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/31518657
https://dx.doi.org/10.1016/S0140-6736(22)01655-5
http://www.ncbi.nlm.nih.gov/pubmed/36332637
https://dx.doi.org/10.1016/j.amjcard.2017.05.014
http://www.ncbi.nlm.nih.gov/pubmed/28606342
https://dx.doi.org/10.1016/S2213-8587(14)70219-0
http://www.ncbi.nlm.nih.gov/pubmed/25466521
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4303913
https://dx.doi.org/10.1056/NEJMoa1008862
http://www.ncbi.nlm.nih.gov/pubmed/21366474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4109980
https://dx.doi.org/10.1136/bmj.k1497
http://www.ncbi.nlm.nih.gov/pubmed/30181166
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6122253
https://dx.doi.org/10.1161/CIRCRESAHA.118.311371
http://www.ncbi.nlm.nih.gov/pubmed/30605420
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6447311
https://dx.doi.org/10.1093/eurheartj/ehz486
http://www.ncbi.nlm.nih.gov/pubmed/31497854
https://dx.doi.org/10.2337/dci22-0014
http://www.ncbi.nlm.nih.gov/pubmed/35796765
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9726978
https://dx.doi.org/10.1001/jama.2020.1906
http://www.ncbi.nlm.nih.gov/pubmed/32219386
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7157181
https://dx.doi.org/10.1056/NEJMoa1409077
http://www.ncbi.nlm.nih.gov/pubmed/25176015
https://dx.doi.org/10.1177/2047487318807767
http://www.ncbi.nlm.nih.gov/pubmed/30335505
https://dx.doi.org/10.1093/eurheartj/ehv134
http://www.ncbi.nlm.nih.gov/pubmed/25888006

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

Dauriz M, Targher G, Laroche C, Temporelli PL, Ferrari R, Anker S, et al.; ESC-HFA Heart Failure Long-
Term Registry. Association Between Diabetes and 1-Year Adverse Clinical Outcomes in a
Multinational Cohort of Ambulatory Patients With Chronic Heart Failure: Results From the ESC-HFA
Heart Failure Long-Term Registry. Diabetes Care. 2017;40:671-8. [DOI] [PubMed]

Savarese G, Lund LH. Global Public Health Burden of Heart Failure. Card Fail Rev. 2017;3:7-11. [DOI]
[PubMed] [PMC]

Khan MAB, Hashim M], King JK, Govender RD, Mustafa H, Al Kaabi ]. Epidemiology of Type 2 Diabetes -
Global Burden of Disease and Forecasted Trends. ] Epidemiol Glob Health. 2020;10:107-11. [DOI]
[PubMed] [PMC]

Ohkuma T, Komorita Y, Peters SAE, Woodward M. Diabetes as a risk factor for heart failure in women
and men: a systematic review and meta-analysis of 47 cohorts including 12 million individuals.
Diabetologia. 2019;62:1550-60. [DOI] [PubMed] [PMC]

Kannel WB, D’Agostino RB, Wilson PW, Belanger A], Gagnon DR. Diabetes, fibrinogen, and risk of
cardiovascular disease: the Framingham experience. Am Heart ]. 1990;120:672-6. [DOI] [PubMed]
Savage K, Williams ]S, Garacci E, Egede LE. Association Between Cardiovascular Disease Risk Factors
and Mortality in Adults With Diabetes: A Stratified Analysis by Sex, Race, and Ethnicity. Int ] Public
Health. 2022;67:1604472. [DOI] [PubMed] [PMC]

Shan ], Zhang L, Holmes AA, Taub CC. The Impact of Race on the Prognosis of Preclinical Diastolic

Dysfunction: A Large Multiracial Urban Population Study. Am ] Med. 2016;129:222.e1-10. [DOI]
[PubMed]

Radhoe SP, Veenis JF, Linssen GCM, van der Lee C, Eurlings LWM, Kragten H, et al. Diabetes and
treatment of chronic heart failure in a large real-world heart failure population. ESC Heart Fail. 2022;
9:353-62. [DOI] [PubMed] [PMC(]

Pazin-Filho A, Kottgen A, Bertoni AG, Russell SD, Selvin E, Rosamond WD, et al. HbA 1c as a risk factor
for heart failure in persons with diabetes: the Atherosclerosis Risk in Communities (ARIC) study.
Diabetologia. 2008;51:2197-204. [DOI] [PubMed] [PMC]

Echouffo-Tcheugui B, Zhang S, Florido R, Hamo C, Pankow ]S, Michos ED, et al. Duration of Diabetes
and Incident Heart Failure: The ARIC (Atherosclerosis Risk In Communities) Study. JACC Heart Fail.
2021;9:594-603. [DOI] [PubMed] [PMC(]

Sowers JR, Epstein M, Frohlich ED. Diabetes, hypertension, and cardiovascular disease: an update.
Hypertension. 2001;37:1053-9. [DOI] [PubMed]

Franjic B, Marwick TH. The diabetic, hypertensive heart: epidemiology and mechanisms of a very
high-risk situation. ] Hum Hypertens. 2009;23:709-17. [DOI] [PubMed]

Khera R, Kondamudi N, Zhong L, Vaduganathan M, Parker ], Das SR, et al. Temporal Trends in Heart
Failure Incidence Among Medicare Beneficiaries Across Risk Factor Strata, 2011 to 2016. JAMA Netw
Open. 2020;3:2022190. [DOI] [PubMed] [PMC]

Taqueti VR, Solomon SD, Shah AM, Desai AS, Groarke ]JD, Osborne MT, et al. Coronary microvascular
dysfunction and future risk of heart failure with preserved ejection fraction. Eur Heart J. 2018;39:
840-9. [DOI] [PubMed] [PMC]

Pandey A, Patel KV, Vaduganathan M, Sarma S, Haykowsky M], Berry ]D, et al. Physical Activity,
Fitness, and Obesity in Heart Failure With Preserved Ejection Fraction. JACC Heart Fail. 2018;6:
975-82. [DOI] [PubMed]

Patel KV, Bahnson JL, Gaussoin SA, Johnson KC, Pi-Sunyer X, White U, et al.; Look AHEAD Research
Group. Association of Baseline and Longitudinal Changes in Body Composition Measures With Risk of
Heart Failure and Myocardial Infarction in Type 2 Diabetes: Findings From the Look AHEAD Trial.
Circulation. 2020;142:2420-30. [DOI] [PubMed] [PMC]

Vijay K, Neuen BL, Lerma EV. Heart Failure in Patients with Diabetes and Chronic Kidney Disease:
Challenges and Opportunities. Cardiorenal Med. 2022;12:1-10. [DOI] [PubMed]

Explor Endocr Metab Dis. 2025;2:101435 | https://doi.org/10.37349/eemd.2025.101435 Page 10


https://dx.doi.org/10.2337/dc16-2016
http://www.ncbi.nlm.nih.gov/pubmed/28255009
https://dx.doi.org/10.15420/cfr.2016:25:2
http://www.ncbi.nlm.nih.gov/pubmed/28785469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5494150
https://dx.doi.org/10.2991/jegh.k.191028.001
http://www.ncbi.nlm.nih.gov/pubmed/32175717
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7310804
https://dx.doi.org/10.1007/s00125-019-4926-x
http://www.ncbi.nlm.nih.gov/pubmed/31317230
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6677875
https://dx.doi.org/10.1016/0002-8703(90)90026-t
http://www.ncbi.nlm.nih.gov/pubmed/2389702
https://dx.doi.org/10.3389/ijph.2022.1604472
http://www.ncbi.nlm.nih.gov/pubmed/35465388
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9020257
https://dx.doi.org/10.1016/j.amjmed.2015.08.036
http://www.ncbi.nlm.nih.gov/pubmed/26475254
https://dx.doi.org/10.1002/ehf2.13743
http://www.ncbi.nlm.nih.gov/pubmed/34862765
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8788034
https://dx.doi.org/10.1007/s00125-008-1164-z
http://www.ncbi.nlm.nih.gov/pubmed/18828004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2848756
https://dx.doi.org/10.1016/j.jchf.2021.06.005
http://www.ncbi.nlm.nih.gov/pubmed/34325890
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8629143
https://dx.doi.org/10.1161/01.hyp.37.4.1053
http://www.ncbi.nlm.nih.gov/pubmed/11304502
https://dx.doi.org/10.1038/jhh.2009.43
http://www.ncbi.nlm.nih.gov/pubmed/19516273
https://dx.doi.org/10.1001/jamanetworkopen.2020.22190
http://www.ncbi.nlm.nih.gov/pubmed/33095250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584929
https://dx.doi.org/10.1093/eurheartj/ehx721
http://www.ncbi.nlm.nih.gov/pubmed/29293969
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5939665
https://dx.doi.org/10.1016/j.jchf.2018.09.006
http://www.ncbi.nlm.nih.gov/pubmed/30497652
https://dx.doi.org/10.1161/CIRCULATIONAHA.120.050941
http://www.ncbi.nlm.nih.gov/pubmed/33164570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8366747
https://dx.doi.org/10.1159/000520909
http://www.ncbi.nlm.nih.gov/pubmed/34802000

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Velagaleti RS, Massaro ], Vasan RS, Robins S], Kannel WB, Levy D. Relations of lipid concentrations to
heart failure incidence: the Framingham Heart Study. Circulation. 2009;120:2345-51. [DOI] [PubMed]
[PMC]

Segar MW, Patel KV, Vaduganathan M, Caughey MC, Butler ], Fonarow GC, et al. Association of Long-
term Change and Variability in Glycemia With Risk of Incident Heart Failure Among Patients With
Type 2 Diabetes: A Secondary Analysis of the ACCORD Trial. Diabetes Care. 2020;43:1920-8. [DOI]
[PubMed] [PMC]

Honigberg MC, Zekavat SM, Pirruccello JP, Natarajan P, Vaduganathan M. Cardiovascular and Kidney
Outcomes Across the Glycemic Spectrum: Insights From the UK Biobank. ] Am Coll Cardiol. 2021;78:
453-64. [DOI] [PubMed] [PMC]

Pagidipati NJ, Navar AM, Pieper KS, Green B, Bethel MA, Armstrong PW, et al.; TECOS Study Group.
Secondary Prevention of Cardiovascular Disease in Patients With Type 2 Diabetes Mellitus:
International Insights From the TECOS Trial (Trial Evaluating Cardiovascular Outcomes With
Sitagliptin). Circulation. 2017;136:1193-203. [DOI] [PubMed] [PMC(]

Ho JE, Enserro D, Brouwers FP, Kizer JR, Shah S], Psaty BM, et al. Predicting Heart Failure With
Preserved and Reduced Ejection Fraction: The International Collaboration on Heart Failure Subtypes.
Circ Heart Fail. 2016;9:10.1161/CIRCHEARTFAILURE.115.003116 e003116. [DOI] [PubMed] [PMC(C]
Nakamura K, Miyoshi T, Yoshida M, Akagi S, Saito Y, Ejiri K, et al. Pathophysiology and Treatment of
Diabetic Cardiomyopathy and Heart Failure in Patients with Diabetes Mellitus. Int ] Mol Sci. 2022;23:
3587. [DOI] [PubMed] [PMC(]

Jankauskas SS, Kansakar U, Varzideh F, Wilson S, Mone P, Lombardi A, et al. Heart failure in diabetes.
Metabolism. 2021;125:154910. [DOI] [PubMed] [PMC(]

Pandey A, Khan MS, Patel KV, Bhatt DL, Verma S. Predicting and preventing heart failure in type 2
diabetes. Lancet Diabetes Endocrinol. 2023;11:607-24. [DOI] [PubMed]

Grubi¢ Rotkvié¢ P, Planinié¢ Z, Liberati Pr§o AM, Siki¢ J, Gali¢ E, Rotkvié¢ L. The Mystery of Diabetic
Cardiomyopathy: From Early Concepts and Underlying Mechanisms to Novel Therapeutic
Possibilities. Int ] Mol Sci. 2021;22:5973. [DOI] [PubMed] [PMC(]

Stewart Coats AJ. Common Co-Morbidities in Heart Failure - Diabetes, Functional Mitral Regurgitation
and Sleep Apnoea. Int | Heart Fail. 2019;1:25-41. [DOI] [PubMed] [PMC(]

Falcdo-Pires I, Hamdani N, Borbély A, Gavina C, Schalkwijk CG, van der Velden ], et al. Diabetes
mellitus worsens diastolic left ventricular dysfunction in aortic stenosis through altered myocardial
structure and cardiomyocyte stiffness. Circulation. 2011;124:1151-9. [DOI] [PubMed]

Ritchie RH, Abel ED. Basic Mechanisms of Diabetic Heart Disease. Circ Res. 2020;126:1501-25. [DOI]
[PubMed] [PMC]

Basu R, Oudit GY, Wang X, Zhang L, Ussher JR, Lopaschuk GD, et al. Type 1 diabetic cardiomyopathy in
the Akita (Ins2WT/C96Y) mouse model is characterized by lipotoxicity and diastolic dysfunction with
preserved systolic function. Am ] Physiol Heart Circ Physiol. 2009;297:H2096-108. [DOI] [PubMed]
Kosiborod MN, Petrie MC, Borlaug BA, Butler ], Davies M], Hovingh GK, et al.; STEP-HFpEF DM Trial
Committees and Investigators. Semaglutide in Patients with Obesity-Related Heart Failure and Type 2
Diabetes. N Engl | Med. 2024;390:1394-407. [DOI] [PubMed]

Theofilis P, Oikonomou E, Tsioufis K, Tousoulis D. Diabetes Mellitus and Heart Failure: Epidemiology,
Pathophysiologic Mechanisms, and the Role of SGLT2 Inhibitors. Life (Basel). 2023;13:497. [DOI]
[PubMed] [PMC]

Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun J], Colvin MM, et al.; ACC/AHA Joint Committee
Members. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the
American College of Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. Circulation. 2022;145:€895-1032. [DOI] [PubMed]

Explor Endocr Metab Dis. 2025;2:101435 | https://doi.org/10.37349/eemd.2025.101435 Page 11


https://dx.doi.org/10.1161/CIRCULATIONAHA.109.830984
http://www.ncbi.nlm.nih.gov/pubmed/19933936
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3600834
https://dx.doi.org/10.2337/dc19-2541
http://www.ncbi.nlm.nih.gov/pubmed/32540922
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7876556
https://dx.doi.org/10.1016/j.jacc.2021.05.004
http://www.ncbi.nlm.nih.gov/pubmed/34015477
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8324525
https://dx.doi.org/10.1161/CIRCULATIONAHA.117.027252
http://www.ncbi.nlm.nih.gov/pubmed/28626088
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5614823
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.115.003116
http://www.ncbi.nlm.nih.gov/pubmed/27266854
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4902276
https://dx.doi.org/10.3390/ijms23073587
http://www.ncbi.nlm.nih.gov/pubmed/35408946
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8999085
https://dx.doi.org/10.1016/j.metabol.2021.154910
http://www.ncbi.nlm.nih.gov/pubmed/34627874
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8941799
https://dx.doi.org/10.1016/S2213-8587(23)00128-6
http://www.ncbi.nlm.nih.gov/pubmed/37385290
https://dx.doi.org/10.3390/ijms22115973
http://www.ncbi.nlm.nih.gov/pubmed/34205870
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8198766
https://dx.doi.org/10.36628/ijhf.2019.0004
http://www.ncbi.nlm.nih.gov/pubmed/36262740
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9536668
https://dx.doi.org/10.1161/CIRCULATIONAHA.111.025270
http://www.ncbi.nlm.nih.gov/pubmed/21844073
https://dx.doi.org/10.1161/CIRCRESAHA.120.315913
http://www.ncbi.nlm.nih.gov/pubmed/32437308
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7251974
https://dx.doi.org/10.1152/ajpheart.00452.2009
http://www.ncbi.nlm.nih.gov/pubmed/19801494
https://dx.doi.org/10.1056/NEJMoa2313917
http://www.ncbi.nlm.nih.gov/pubmed/38587233
https://dx.doi.org/10.3390/life13020497
http://www.ncbi.nlm.nih.gov/pubmed/36836854
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9968235
https://dx.doi.org/10.1161/CIR.0000000000001063
http://www.ncbi.nlm.nih.gov/pubmed/35363499

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Pandey A, Patel KV, Bahnson JL, Gaussoin SA, Martin CK, Balasubramanyam A, et al.; Look AHEAD
Research Group. Association of Intensive Lifestyle Intervention, Fitness, and Body Mass Index With
Risk of Heart Failure in Overweight or Obese Adults With Type 2 Diabetes Mellitus: An Analysis From
the Look AHEAD Trial. Circulation. 2020;141:1295-306. [DOI] [PubMed] [PMC]

LiuG,LiY,HuY, Zong G, Li S, Rimm EB, et al. Influence of Lifestyle on Incident Cardiovascular Disease

and Mortality in Patients With Diabetes Mellitus. ] Am Coll Cardiol. 2018;71:2867-76. [DOI] [PubMed]
[PMC]

Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson ], et al. Blood pressure lowering
for prevention of cardiovascular disease and death: a systematic review and meta-analysis. Lancet.
2016;387:957-67. [DOI] [PubMed]

de Boer IH, Bangalore S, Benetos A, Davis AM, Michos ED, Muntner P, et al. Diabetes and
Hypertension: A Position Statement by the American Diabetes Association. Diabetes Care. 2017;40:
1273-84. [DOI] [PubMed]

Velagaleti RS, Gona P, Pencina M], Aragam ], Wang TJ], Levy D, et al. Left ventricular hypertrophy
patterns and incidence of heart failure with preserved versus reduced ejection fraction. Am ] Cardiol.
2014;113:117-22. [DOI] [PubMed] [PMC]

Currie G, Taylor AH, Fujita T, Ohtsu H, Lindhardt M, Rossing P, et al. Effect of mineralocorticoid
receptor antagonists on proteinuria and progression of chronic kidney disease: a systematic review
and meta-analysis. BMC Nephrol. 2016;17:127. [DOI] [PubMed] [PMC(]

Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK, et al.; SOLOIST-WHF Trial
Investigators. Sotagliflozin in Patients with Diabetes and Recent Worsening Heart Failure. N Engl ]
Med. 2021;384:117-28. [DOI] [PubMed]

Verma S, McMurray JJV. SGLT2 inhibitors and mechanisms of cardiovascular benefit: a state-of-the-art
review. Diabetologia. 2018;61:2108-17. [DOI] [PubMed]

Heerspink HJ, Perkins BA, Fitchett DH, Husain M, Cherney DZ. Sodium Glucose Cotransporter 2
Inhibitors in the Treatment of Diabetes Mellitus: Cardiovascular and Kidney Effects, Potential
Mechanisms, and Clinical Applications. Circulation. 2016;134:752-72. [DOI] [PubMed]

Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M, et al.; EMPA-REG
OUTCOME Investigators. Empagliflozin and Progression of Kidney Disease in Type 2 Diabetes. N Engl |
Med. 2016;375:323-34. [DOI] [PubMed]

Wiviott SD, Raz [, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al.; DECLARE-TIMI 58 Investigators.

Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl ] Med. 2019;380:347-57. [DOI]
[PubMed]

Perkovic V, Jardine M], Neal B, Bompoint S, Heerspink HJL, Charytan DM, et al.; CREDENCE Trial
Investigators. Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy. N Engl ] Med.
2019;380:2295-306. [DOI] [PubMed]

De Nicola L, Gabbai FB, Garofalo C, Conte G, Minutolo R. Nephroprotection by SGLT2 Inhibition: Back
to the Future? ] Clin Med. 2020;9:2243. [DOI] [PubMed] [PMC(]

Giugliano D, De Nicola L, Maiorino MI, Bellastella G, Garofalo C, Chiodini P, et al. Preventing major
adverse cardiovascular events by SGLT-2 inhibition in patients with type 2 diabetes: the role of
kidney. Cardiovasc Diabetol. 2020;19:35. [DOI] [PubMed] [PMC]

Packer M. Role of Impaired Nutrient and Oxygen Deprivation Signaling and Deficient Autophagic Flux
in Diabetic CKD Development: Implications for Understanding the Effects of Sodium-Glucose
Cotransporter 2-Inhibitors. ] Am Soc Nephrol. 2020;31:907-19. [DOI] [PubMed] [PMC(]

Heerspink HJL, Stefansson BV, Correa-Rotter R, Chertow GM, Greene T, Hou FF, et al.; DAPA-CKD Trial
Committees and Investigators. Dapagliflozin in Patients with Chronic Kidney Disease. N Engl ] Med.
2020;383:1436-46. [DOI] [PubMed]

Explor Endocr Metab Dis. 2025;2:101435 | https://doi.org/10.37349/eemd.2025.101435 Page 12


https://dx.doi.org/10.1161/CIRCULATIONAHA.119.044865
http://www.ncbi.nlm.nih.gov/pubmed/32134326
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9976290
https://dx.doi.org/10.1016/j.jacc.2018.04.027
http://www.ncbi.nlm.nih.gov/pubmed/29929608
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6052788
https://dx.doi.org/10.1016/S0140-6736(15)01225-8
http://www.ncbi.nlm.nih.gov/pubmed/26724178
https://dx.doi.org/10.2337/dci17-0026
http://www.ncbi.nlm.nih.gov/pubmed/28830958
https://dx.doi.org/10.1016/j.amjcard.2013.09.028
http://www.ncbi.nlm.nih.gov/pubmed/24210333
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3881171
https://dx.doi.org/10.1186/s12882-016-0337-0
http://www.ncbi.nlm.nih.gov/pubmed/27609359
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5015203
https://dx.doi.org/10.1056/NEJMoa2030183
http://www.ncbi.nlm.nih.gov/pubmed/33200892
https://dx.doi.org/10.1007/s00125-018-4670-7
http://www.ncbi.nlm.nih.gov/pubmed/30132036
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.021887
http://www.ncbi.nlm.nih.gov/pubmed/27470878
https://dx.doi.org/10.1056/NEJMoa1515920
http://www.ncbi.nlm.nih.gov/pubmed/27299675
https://dx.doi.org/10.1056/NEJMoa1812389
http://www.ncbi.nlm.nih.gov/pubmed/30415602
https://dx.doi.org/10.1056/NEJMoa1811744
http://www.ncbi.nlm.nih.gov/pubmed/30990260
https://dx.doi.org/10.3390/jcm9072243
http://www.ncbi.nlm.nih.gov/pubmed/32679744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7408701
https://dx.doi.org/10.1186/s12933-020-01010-x
http://www.ncbi.nlm.nih.gov/pubmed/32192503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7081614
https://dx.doi.org/10.1681/ASN.2020010010
http://www.ncbi.nlm.nih.gov/pubmed/32276962
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7217421
https://dx.doi.org/10.1056/NEJMoa2024816
http://www.ncbi.nlm.nih.gov/pubmed/32970396

63. Lopaschuk GD, Verma S. Mechanisms of Cardiovascular Benefits of Sodium Glucose Co-Transporter 2
(SGLT2) Inhibitors: A State-of-the-Art Review. JACC Basic Transl Sci. 2020;5:632-44. [DOI] [PubMed]
[PMC]

64. Seferovi¢ PM, Fragasso G, Petrie M, Mullens W, Ferrari R, Thum T, et al. Sodium-glucose co-
transporter 2 inhibitors in heart failure: beyond glycaemic control. A position paper of the Heart
Failure Association of the European Society of Cardiology. Eur | Heart Fail. 2020;22:1495-503. [DOI]
[PubMed]

65. Neal B, Perkovic V, Matthews DR. Canagliflozin and Cardiovascular and Renal Events in Type 2
Diabetes. N Engl ] Med. 2017;377:2099. [DOI] [PubMed]

Explor Endocr Metab Dis. 2025;2:101435 | https://doi.org/10.37349 /eemd.2025.101435 Page 13


https://dx.doi.org/10.1016/j.jacbts.2020.02.004
http://www.ncbi.nlm.nih.gov/pubmed/32613148
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7315190
https://dx.doi.org/10.1002/ejhf.1954
http://www.ncbi.nlm.nih.gov/pubmed/32618086
https://dx.doi.org/10.1056/NEJMc1712572
http://www.ncbi.nlm.nih.gov/pubmed/29166232

	Abstract
	Keywords
	Introduction
	Heart failure in diabetes
	Epidemiology
	Risk factors of for HF in T2DM
	Pathophysiology
	Advanced glycation end products, increased reactive oxygen species (ROS), and renin-angiotensin-aldosterone system (RAAS) activity
	Myocardial lipotoxicity
	Mitochondrial dysfunction
	Cardiac autonomic dysfunction
	Abnormal myocardial calcium handling
	Vasculopathy
	Diagnosis
	Treatment
	Preventive treatment for HF in T2DM
	Lifestyle modification
	Blood pressure control

	Medical treatment
	Role of SGLT2 inhibitors in HF
	Mechanism of action of SGLT2i
	Cardioprotective effects of SGLT2is
	SGLT2is in HF with reduced ejection fraction (DEFHF)



	Conclusion
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

