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Abstract. Many studies have revealed that the recurrence of heart failure (HF) in patients with
diabetes is significantly higher than that in patients without diabetes, and insulin resistance and
abnormal glucose metabolism are common in patients with HF. Therefore, heart failure is an
important clinical problem in diabetic patients. Diabetes and heart failure are "killers" that go
hand in hand. They share common risk factors. Patients with heart failure frequently have
hyperglycemia, and heart failure is a typical complication for diabetic patients. Based on the
possible association between the two diseases, this paper will further analyze the therapies of
type 2 diabetes (T2DM) and explore whether it can have an effect on how to address heart failure.
The study's findings demonstrated that treating type 2 diabetes did have some influence on the
management of heart failure and that treating type 2 diabetes did reduce the progression of heart
failure symptoms.
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1. Introduction

The development of science and technology and the progress of human society bring about a series of
problems. The improvement of people's living standard is accompanied by diseases caused by obesity,
such as diabetes and so on. In the study and study of diabetes, the author noted the concomitant diseases
of diabetes, the most common of which is HF. The incidence of HF is strongly associated with T2DM.
The article specifically studied the relationship between the development of heart failure and T2DM
through literature analysis. Also, the essay utilized survey method to see if the treatment of T2DM can
alleviate heart failure since T2DM is one of the causes of heart failure, and the two are closely linked.
The author wants to explore a new approach to treating HF, through the treatment of T2DM to
breakthrough the treatment of HF. With this new method, there are chances to reduce the risk of HF
caused by T2DM.

2. Introduction to heart failure (HF) related to T2DM

Almost 870,000 individuals are struck down with cardiovascular disease yearly, and nearly six million
Americans currently have the condition. Congestive heart failure is the most common reason for
hospitalization in adults over 65[1]. Heart failure (HF), often referred to as congestive coronary artery
disease (CCAD) and (congestive) heart arrhythmia (CHA), is a collection of symptoms brought on by
the heart's inability to perform its role as a pump to facilitate the circulatory system's function. Its
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symptoms and manifestations are caused by architectural and/or operational cardiac abnormalities that
preventing the heart from bleeding or expelling blood normally with single heartbeat [2]. Heart failure
is a symptom brought on by other diseases, not a disease in and of itself.

Ventricular remodeling is the main pathophysiological change of chronic HF, and its formation
process is complex. Various mechanisms such as hyperglycemia, oxidative stress, inflammation,
apoptosis or fibrosis can lead to ventricular remodeling [3-5]. These pathological changes closely related
to T2DM may lead to the occurrence of T2DM-related HF. According to studies, left ventricular
hypertrophy, inflammation, increased synthesis of extracellular matrix, poor cardiac metabolism, and
myocardial cell death are all signs of ventricular remodeling brought on by T2DM [5].

Oxidative stress and hyperglycemia are traits of T2DM. The imbalance of elevated reactive oxygen
species production and/or decreased cellular antioxidant ability, both of which can result in T2DM
cardiomyopathy, is the main source of oxidative stress. At the same time, heart damage-related
myocardial inflammation can be brought on by oxidative stress [3]. Due to hyperglycemia and oxidative
stress, advanced glycation end-products (AGEs) aggregate much more in Type 2 diabetes mellitus.
AGEs can alter vascular wall homeostasis through a variety of mechanisms, leading to chronic vascular
inflammation that leads to rapidly progressive T2DM-related atherosclerosis, resulting in impaired
myocardial blood supply. The increase of AGEs may also change structural proteins, lead to the cross-
linking of collagen molecules and weaken the degradation ability of collagen, resulting in increased
fibrosis, increased myocardial hardness and decreased cardiac relaxation [4], which increases the risk
of heart failure.

The myocardial energy metabolism of T2DM patients is abnormal. Cardiac energy metabolic
remodeling is considered to be one of the important mechanisms leading to HF, including changes in
cardiac substrate utilization, mitochondrial dysfunction, reduction of high-energy phosphate and
blocked energy transport, etc. [6]. On the other hand, T2DM is related to myocardial lipid accumulation.
Changes in substrate utilization, such as increased free fatty acids, can lead to lipid accumulation and
lipid toxic damage in cardiomyocytes [4].

3. The high risk of developing heart failure for people with type 2 diabetes

In fact, about 33 percent of patients hospitalized for heart failure in the United States also have diabetes
[7]. Heart failure may be brought on by complications such as high blood pressure or coronary heart
disease, but there are exceptions [7]. According to the research of Mayo Clinic Proceedings, when age,
high blood pressure, sex, coronary artery disease and diastolic dysfunction were similar, those who had
diabetes experienced heart failure at a rate of 21% compared to those who did not have diabetes at a rate
of 11%[8]. Persons with diabetes have a substantially higher risk of developing heart failure than people
without diabetes, even when their ejection fraction is normal and there are no known structural
abnormalities of the heart [8]. Heart failure can develop for various reasons, including diabetes [8].
People with type 2 diabetes (T2D) frequently experience HF as their first cardiovascular (CV) event [9].
Even those who meet American Diabetes Association (ADA) and the World Health Organization (WHO)
standards for pre-diabetes increases the risk of HF by 9 to 58% [10].

The frequency of microalbuminuria, a sign of vascular disorder, is significantly higher in HF patients
diabetes without [11] or having it than in the general population, where it ranges from 10% to 20% in
those with T2D[12-13]. Microalbuminuria is a well-known, potent, and a distinct indicator of elevated
CV risk and overall mortality since it doubles the chance for a CV event in persons with T2D.

The estimated glomerular filtration rate serves as a benchmark for evaluating renal function (eGFR).
The progression of HF in patients with both types of diabetes has been shown to be highly frequent and
longitudinally predicted by eGFR reduction, and eGFR declines are a more significant indicator of worse
outcomes in HF [14].

In various CV outcome trials, patients suffering Dyslipidemia and a low eGFR experienced an
approximately 2-fold rise in the HHF rate[15]. Higher eGFR was associated with lower survival rates,
according to an observational study[16] looking at persons with T2D and newly developed HF. In T2D
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participants, 2.2 is frequently estimated as the incidence rate for Vascular complications for every split
in the basal eGFR [17].

4. Introduction to type 2 diabetes and treatment of therapy related to HF
By 2035, the number of persons with type 2 diabetes mellitus (T2DM), a worldwide epidemic that is
currently predicted to afflict 382 million people [18], will have increased dramatically to over 592
million [19]. An estimated 30.2 million adults, or 12.2%, in the United States alone were projected to
have diabetes mellitus in 2015; however, 7.2 million (23.3%) of those individuals were either unaware
of their condition or did not disclose it [20]. TLDM and T2DM are both heterogeneous disorders with a
wide range of clinical presentations and disease progressions. 90% to 95% of all instances of diabetes
mellitus are T2DM. Hyperglycemia, insulin resistance, and a relative impairment in insulin production
are the hallmarks of type 2 diabetes mellitus. Patients with type 2 diabetes may experience variable
degrees of impaired insulin production and insulin action (insulin resistance) [21]. With rising levels of
obesity and age, type 2 diabetes is a frequent illness whose incidence rises significantly [22].
Overweightness affects most T2DM patients in the US (>80%) [23]. Day-long increases in the plasma
free fatty acid content in T2DM patients, whether they are lean or very obese, are a common finding
[24]. These elevations do not generally subside after a mixed meal or oral glucose load. Type 2 diabetes
mellitus (T2DM), which accounts for more than 90% of cases, is significantly more common than type
1 diabetes mellitus (T1DM) or gestational diabetes. Our knowledge of how T2DM develops and
progresses has significantly advanced over the last few decades. Its major cause is a slow decline in the
ability of pancreatic cells to secrete insulin, which is frequently accompanied with pre-existing insulin
sensitivity in motor neurons, the hepatitis, and peripheral tissues [25]. Insulin is a strong lipolysis
inhibitor that also prevents the hormone sensitive lipase enzyme from extracting FFA from the adipose
tissues. The capacity of insulin to inhibit lipolysis and lower plasma FFA concentrations is significantly
diminished in T2DM patients, as evidenced by poor suppression of radioactive palmitate turnover [26].
It is possible that factors other than glycemia may contribute to the increased risk of heart failure in
people with diabetes mellitus, and there may be independent mechanisms linking antihyperglycemic
medications and left ventricle (LV) remodeling, as evidenced by the findings indicate blood glucose
reduction may not be sufficient to stop an increase in HF-related hospitalization and mortality. A
complicated underlying and related pathophysiology likely to happen and might even promote towards
HF in the setting of diabetic mellitus [27], the changes in anatomical structure and function alone that
diabetic cardiomyopathy causes. Some of these pathophysiological factors may be susceptible to
pharmaceutical therapy. The image below depicts these paths, which will be discussed later. (Figure 1).
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Possible therapeutic targets and current antihyperglycemic drugs that potentially manage heart
failure brought on by diabetes mellitus. The multi-organ disease state of diabetes mellitus is marked by
hyperglycemia and dyslipidemia. Normoglycemia may be achieved with current treatments, although
the risks and results of heart failure can vary. Alternative targets that may be treatable with drugs and
that raise heart failure risk in individuals with diabetic mellitus are listed [28].

SGLT2 inhibitor is a treatment drug for type 2 diabetes. International clinical study results show that
Empagliflozin is also effective in the management of heart failure, so in addition to the indication for
diabetes, it also has the indication for heart failure. Reduced the risk of hospitalization for heart failure
or cardiovascular death by 25% and postponed the rate of reduction in filamentous filtration (eGFR) by
a factor of four, according to the multinational clinical trial published in 2021 [29].

As blood sugar lowering agents, SGLT2 inhibitors work by inhibiting SGLT2 transport into egg
white located in proximal renal tubule. Reduce renal tubular reabsorption of filtered glucose and sodium,
and then excrete glucose through urine, resulting in natriuresis (sodium treatment). At the same time,
afferent arteriole constriction was promoted, and sodium and chloride ions were increased to induce
dense spot constriction, and the feedback mechanism of renal tubules was restored and regulated, thus
achieving the effect of hypoglycemia. Due to their simultaneous reduction of glomerular blood pressure,
proteinuria and renal hyperfiltration rate [30], they may have a role in reducing or improving renal
disease in diabetes [31].

Sglt-2 synchronously transport sodium and glucose in the proximal renal tubules, so sGLT-2
inhibitors reduce sodium reabsorption in addition to glucose reabsorption. However, since distal renal
tubules can still reabsorb sodium, there is no significant hyponatremia, although urinary sodium
excretion is slightly increased. However, after long-term use of SGLT-2 inhibitors, mild weight loss was
observed, along with reductions in plasma volume and total sodium levels. Therefore, SGLT-2 inhibitors
may improve HF through sodium excretion [32]. Additionally, SGLT-2 inhibitors can lower insulin
levels, which increases ketone body production. Ketone bodies are involved in the energy metabolism
of the myocardial, and a little increase in ketone bodies helps the heart's energy metabolism function
more efficiently [33]. In addition, the hematocrit can rise because of the osmotic diuretic impact of
SGLT-2 inhibitors, which boosts the heart's supply of oxygen [34]. Both of these effects help the heart's
energy metabolism.

5. Conclusion

In the analysis of clinical data, this paper found that type 2 diabetics are at an extremely serious danger
of getting heart failure, and the prevention, control and treatment of diabetes-induced heart failure are
also highly valued in clinic. As a concomitant disease highly associated with type 2 diabetes, the
treatment of heart failure has attracted more and more attention in the treatment of type 2 diabetes. The
possibility of utilizing type 2 diabetes therapy to alleviate heart failure had been verified effective. Drugs
used to treat type 2 diabetes are already being used to treat heart failure and have shown remarkable
results. Treating diabetes with heart failure-related therapies can also partially curb the likelihood of
heart failure risk in diabetics.

Due to the complex pathogenesis of type 2 diabetes, the process that triggers cardiac failure is
likewise quite complicated, which increases the difficulty and complexity of the research and treatment
of heart failure with the treatment of type 2 diabetes. Type 2 diabetes requires specialized clinical care,
which makes treating heart failure associated with it more challenging. Tough requirements for human,
material, and financial resources are also present. Because of this, there are still issues to be solved and
space for advancement in the therapy of heart failure using the management of type 2 diabetes. This is
a crucial component of ongoing study and offers one potential direction. It is essential to manage renal
failure with type 2 diabetes, and its success also offers suggestions and workable examples for the
management of other diseases.
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