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    The sixth volume of Frontiers in Clinical Drug Research – Diabetes and Obesity comprises six comprehensive chapters that present novel approaches to combat diabetes and obesity.




    Roy and Khalse summarize the current state of knowledge on the epidemiology, interrelationships of heart failure and type 2 diabetes. The review covers the pathophysiology, clinical correlates, and the current status of emerging novel therapies in the field.




    Flavonoids are naturally occurring compounds which make them attractive candidates to study anti-diabetic medicines. Rammohan and Bhaskar in chapter 2 of the book emphasize the importance and therapeutic potential of flavonoids as templates for future diabetic therapeutic drugs. . In the next chapter, techniques for combining biological sensing and fluorescent nanomaterials components are explored, and the applicability of chemosensors for glucose testing is discussed .




    Chapter 4 of the book summarizes the current status and prospects of synergistic drugs and polyherbal formulations in the development of safe and functional drugs for the management of obesity. In next chapter of the book, a detailed and in-depth analysis of herbal antidiabetic drugs and various commonly used anti-diabetic plants are discussed.




    In last chapter of the book, Sarfraz et al., discuss turmeric’s (Curcuma longa) potential for treatment of diabetes mellitus and the hypoglycemic, antioxidant, and anti-inflammatory qualities of its chemical constituents.




    I owe special thanks to all the contributors for their valuable contributions in bringing together the sixth volume of this book series. I am also thankful to the efficient team of Bentham Science Publishers for the timely efforts made by the editorial personnel, especially Mr. Mahmood Alam (Editorial Director), Mr. Obaid Sadiq (in-charge Books Department) and Ms. Asma Ahmed (Manager Publications).
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      Abstract




      Diabetes and heart failure are emerging as twin epidemics with huge socioeconomic implications in patients across the globe. The situation is even abysmal considering the unique challenges faced by the health care sector in the lower-income countries with the growing size of the diabetes population (12.34% as reported by IDF 2019). Heart failure (HF) represents one of the most common yet less-recognized comorbidities of type 2 diabetes mellitus (T2DM). Besides, limited understanding of this multifactorial disease, together with a lack of effective therapeutics, has led to an underestimation of the risk in this population. However, until recently, the emerging classes have started to rekindle our efforts to understand this cardiometabolic conundrum once again due to the latest reports of their distinct therapeutic effects in the prevention of hospitalization of concomitant heart failure. Prevention of HF in patients with diabetes needs to be a priority for all caregivers as it is not only possible now to treat effectively but often rewarding from the patient's quality of life perspective in the long run. The present review is an attempt to summarize the current base of knowledge on the epidemiology, interrelationships of HF and T2DM and their shared pathophysiology, clinical correlates, and the current status of emerging novel therapies.
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      INTRODUCTION




      Diabetes and heart failure are interrelated clinical entities presenting as a part of the disrupted metabolic profile in the cardiovascular risk continuum. Their manifestations are generally bidirectional, worsening each other's prognosis may lead to deteriorating clinical outcomes in patients. The aging of the patient population, the increasing prevalence of obesity, and moderate survival prolongation are suggested to be contributing factors to the rising prevalence of these pandemics [1]. Conventionally the atherosclerotic macrovascular events were considered to be the significant triggering factors in cardiovascular disease




      in type 2 diabetes. However, in a nation-wide research study of CALIBER (Cardiovascular disease research using linked bespoke studies and electronic health records), which was followed up for 5.5 years on more than 1.9 million patients, developing heart failure was observed to be the second common manifestation ranking before stable angina, non-fatal myocardial infarction in diabetes [2]. Type 2 diabetes has also been an independent predictor for worse outcomes like mortality across all heart failure entities, including reduced, mid-range, and preserved ejection fraction. Though information on the burden of concomitant heart failure and diabetes mellitus in India is limited, the proportion of type 2 diabetes reported in an observational study was approximately 25% in patients with heart failure. Many contributing risk factors have been proposed to be associated with the failing heart in diabetes, such as coronary artery disease, obesity, uncontrolled glycemia, hypertension, chronic kidney disease, certain medication, and so on. Targeting these critical modifiable risk factors was a focus earlier to prevent heart failure in type 2 diabetes, but it was found to be of insignificant value in improving its outcomes. The risk of developing the incident heart failure double up in diabetes patients compared to nondiabetics [1]. The ARIC study (Atherosclerosis Risk in Communities) provided evidence of possible deleterious effects of hyperglycemia on the myocardium, showing the linear correlation between the glycemic spectrum and subclinical myocardial damage as assessed by highly sensitive cardiac troponin T level in subjects with prediabetes and T2DM [3].




      However, glycemic lowering strategies with antihyperglycemic therapies have shown to have minimal effect in reducing the development of heart failure in type 2 diabetes patients. There is a possibility that factors other than glycemia might play a role in increasing the HF risk in diabetes mellitus.




      HF therapies also need to be addressed, including conventional therapies like beta-blockade, RAAS inhibition, etc [1]. It is intriguing to notice that two classes of drugs (metformin and gliflozins), that reduce the risk of heart failure and its adverse consequences, have also been associated with improving hyperinsulinemia. The recent improvement in the prognosis of patients with heart failure is attributable to the evolving treatment paradigm, which has led to heart failure, especially the entity of reduced ejection fraction to be a treatable disease. Inhibitors of the renin-angiotensin-aldosterone system are a keystone not only for preventing the risk of heart failure and nephropathy progression in patients with diabetes but also reducing the risk of mortality due to cardiovascular causes and hospitalization in patients with established heart failure. In patients with heart failure, spironolactone/eplerenone, and sacubitril/valsartan, each reduce mortality by an additional 20–30% when prescribed with an inhibitor of the renin-angiotensin system. Moreover, in a trial of eplerenone in NYHA II heart failure, patients categorized based on waist circumference were likely to show a reduction in morbidity and mortality with treatment [4]. A large randomized trial like COPERNICUS with carvedilol has also elucidated the effectiveness of beta-blockers in decreasing the early risk of serious cardiovascular events.


    




    

      EPIDEMIOLOGY AND GLOBAL BURDEN of HF in DIABETES; SPECIAL FOCUS ON BURDEN in ASIANS




      There is limited knowledge on the burden and impact of concomitant heart failure in the Asian population with type 2 diabetes. In developed countries, HF represents nearly 1–2% of the adult population, with more than 10% prevalence in patients among advanced age (>70) groups [5, 6]. Diabetes mellitus is commonly present amongst patients with HF with a higher risk of worse outcomes like death than patients without diabetes or heart failure [7, 8]. The multi-ethnic comparison studied in a prospective longitudinal study of the ASIANHF registry, taking into account 6214 patients, reported a 42.5% prevalence of DM among HF patients [9, 10]. It was concluded that type 2 diabetes mellitus is associated with smaller left ventricular volumes, higher mitral E/e′ ratio, more inferior quality of life, and worse outcomes, in different HF phenotypes (HR 1.37, 95% CI 1.19-1.57; p < 0.001). In another multi-ethnic study, patient-level data indicated a strong correlation among Indians with coronary artery disease and hypertension and women in Malay patients [11].




      In a prospective study, people with HF of Southeast Asian ethnicities had a 3-fold greater prevalence of DM despite younger age (median age 62 [54 to 70] years) and lesser obesity (19.5% obesity) when compared to Caucasian patients of HF. Similarly, a strong association is shown to exist between the presence of DM and hospitalization due to HF and all-cause mortality in Asian patients [12].




      Patients with HFpEF are 65 years of age or older, more often females, and with a more common previous history of hypertension and atrial fibrillation (AF) compared with HFrEF, while a history of myocardial infarction is less common [13, 14]. A prospective survey of acute medical admissions with heart failure in the UK [15] indicated the risk of heart failure in patients aged 60–79 years in comparison to Europeans and it was noted 5.2 (95% CI 3.7 - 7.4) in South Asians and 3.1 (95% CI 1.9 4.-9) in African Caribbeans. It is difficult to derive conclusions regarding the possible reasons behind such large ethnic differences in heart failure risk in diabetes patients. The impact of the more significant burden of Ischemic heart disease in South Asians on heart failure is challenging to estimate because Ischemic heart disease at older ages has not been sufficiently studied according to ethnicity [16]. The mortality from IHD in immigrant South Asians was highest compared to the general population, as represented in Fig. (1) [17].The one-year mortality rate was evaluated in the international congestive heart failure (INTER-CHF) study of people with HF in multi-ethnic populations like China, India, South-East Asia, the Middle East, South America, and Africa. Of the total population, 858 Indian patients with T2DM and HF history formed 26% of the cohort.The one-year mortality rate in the Indian cohort was high at 23%, next to that in Africa [18].The Get With The Guidelines–Heart Failure registry study analyzed patients ≥65 years of age with HFpEF.
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Fig. (1))


      Standardized mortality ratios (SMR) (95%) of deaths from cerebrovascular disease and ischemic heart disease (IHD) for selected immigrant groups aged 20-69 years for the period of 1989-92 Adapted from Wild and McKeigue et al.



      It showed that black, Hispanic, and Asian patients had a lower risk of mortality after hospitalization compared with white patients, even persisted after multivariate adjustment for patient characteristics, socioeconomic factors, and hospital factors [19].




      Being a disease of the aged population, HF in the South Asian population is likely to rise with the growing age of SA Table 1 [20, 21].




      

        Table 1 Aging of the population in South Asia in thousands.




        

          

            

              	Countries



              	Population Aged 60 Years and Over (In Thousand)



              	Proportion of Persons Aged 60 and Over (%)



              	Population Aged 60 Years and over (In Thousand)



              	Proportion of Persons Aged 60 and Over (%)

            




            

              	Year 2015



              	Year 2015



              	Year 2051



              	Year 2051

            


          



          

            

              	Bangladesh



              	11,235



              	7.0%



              	43,492



              	21.5%

            




            

              	Bhutan



              	56



              	7.4%



              	235



              	24.5%

            




            

              	India



              	116,553



              	8.9%



              	330,043



              	18.4%

            




            

              	Maldives



              	25



              	6.8%



              	125



              	25.3%

            




            

              	Nepal



              	2,455



              	8.6%



              	6,491



              	17.9%

            




            

              	Pakistan



              	12,476



              	6.6%



              	39,970



              	12.9%

            




            

              	Sri Lanka



              	2,886



              	13.9%



              	5,951



              	28.6%

            




            

              	Index of Ageing in India



              	26.5



              	-



              	81.7



              	-

            


          

        




        

          Index of ageing is defined as the ratio of population > 60 years of age to the population of 0-14.

        




        A comparison between the white population and SA patients with HF as reported by Shantsila and colleagues [22] is given in Table 2.




      




      

        Table 2 Features of HF in South Asian versus whites.




        

          

            

              	Parameters



              	South Asian versus Whites



              	Study Findings



              	Author Details of the Study

            


          



          

            

              	Prevalence



              	Similar



              	Similar overall prevalence of LV systolic dysfunction



              	Galasko et al.


            




            

              	Age of the presentation



              	Lower



              	70 (SD 0.6) v 78 (SD 0.1) years



              	Blackledge et al.


            




            

              	Ischemic etiology



              	More common



              	18.8% (n = 63) v 10.7% (n = 539)



              	Galasko et al.


            




            

              	History of MI prior to the first HF admission



              	Higher



              	10.1% (n = 34) v 5.5% (n = 278)



              	Blackledge et al.


            




            

              	Diabetes in HF patients



              	More common



              	45.8% (n = 54) v 16.2% (n = 817)



              	Blackledge et al.


            




            

              	Atrial fibrillation in HF patient



              	Less common



              	15% v 31%, p = 0.0002



              	Newton etal.(24)

            




            

              	Hospital re-admissions



              	More



              	-



              	Blackledge et al.


            




            

              	Age-adjusted mortality



              	Lower



              	0.82, 95% CI 0.68 to 0.99



              	Blackledge et al.


            


          

        




      




      Table 3 summarizes the findings of various studies on different aspects of HF in various populations with diabetes.




      

        Table 3 Summary of various study types on different HF aspects in different populations with diabetes.




        

          

            

              	Study Type



              	NCT Number



              	Study



              	Study Details

            


          



          

            

              	RCT or meta-analysis of RCT



              	NCT01122316 [24]



              	Metformin in patients with Chronic Heart Failure (CHF)



              	To assess the use of metformin in patients with heart failure and diabetes to improve the parameters like quality of life, exercise capacity.

            




            

              	NCT02397421 [25]



              	Safety and effectiveness of SGLT-2 inhibitors in patients with heart failure and diabetes heart failure



              	Uncertainty whether dapagliflozin in patients with T2DM and HF had any effect on LV remodeling. Dapagliflozin did not affect LVESV or any other parameter of LV remodeling.

            




            

              	NCT02920918 [26]



              	Treatment of diabetes in patients with systolic heart failure



              	Effects of 100 mg of Canagliflozin are assessed compared to Sitagliptin 100 mg on parameters of aerobic exercise capacity after 12 weeks of treatment.

            




            

              	NCT02917031 [27]



              	Various glucose-lowering strategies in patients with heart failure – A Mechanistic evaluation



              	Effects of saxagliptin and sitagliptin will be investigated on cardiac dimensions and functions after 24 weeks of treatment in patients with T2DM and HF.

            




            

              	NCT03485092 [28]



              	Studies on Empagliflozin and its cardiovascular, renal, and metabolic effects



              	Empagliflozin will be studied in detail with specific pathways in patients with T2DM and heart failure.

            




            

              	Registry trials



              	NCT03810638 [29]



              	HUGO-HF: A registry of Digital Heart Failure



              	Digital registry with help of Novel Mobile Health Platform that allows for unified incorporation of patient-reported outcomes, electronic medical record.

            




            

              	NCT04065620 [30]



              	HFpEF outcomes and ambulatory blood pressure



              	Characteristics and the hemodynamic biomarkers, and influence of blood pressure levels in the outcome of patients with HFpEF.

            




            

              	NCT03663907 [31]



              	Remote monitoring of heart failure events reduction



              	Effectiveness of a telemedicine-based follow-up strategy compared with usual care in high-risk patients with chronic HF.

            




            

              	Observational trials



              	NCT04375943 [32]



              	SCODIAC follow up study



              	To assess the diagnostic pathways of HF diabetic patients and to ascertain the influence of innovative antidiabetic therapies on echocardiographic parameters.

            




            

              	NCT00005487 [33]



              	Study of Atherosclerosis with Multi-Ethnic population



              	Correlates, predictors, and progression of subclinical cardiovascular disease will be studied in detail.

            




            

              	NCT04482283 [34]



              	Prevalence and Evolution of HF in type 2 diabetes patients at high risk



              	Possible predictors for the development of symptomatic HF will be identified in diabetes patients at high CV risk.

            




            

              	NCT04072523 [35]



              	Heart failure registry in India



              	An observational study to assess the prevalence of heart failure in type 2 diabetes patients in India.

            


          

        




      




      The prevalence of diabetes seems to be strikingly higher among Asian patients compared to western or Caucasian patients with HF (57% vs. 24%; p<0.001) and in both HFpEF and HFrEF, as shown in Fig. (2) [23].
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Fig. (2))


      Prevalence of HF in different ethnicities.

    




    

      CLASSIFICATION of CHRONIC HF – HFREF AND HFPEF




      HF can be classified functionally and radiologically which is summarised in Table 4 below [36, 37].




      

        Table 4 Various classifications of HF.




        

          

            

              	Based on Severity of Symptoms (NYHA) classification

            




            

              	Class I



              	No limitations to physical activity; No symptoms induced by ordinary physical activity.

            




            

              	Class II



              	Slight restrictions to physical activity; comfortable at rest, but regular physical activity results in HF symptoms.

            




            

              	Class III



              	Marked restrictions of physical activity; comfortable at rest, but less than regular activity results in symptoms of HF.

            




            

              	Class IV



              	Symptoms when at resting condition; unable to carry on any physical activity without discomfort.

            




            

              	American College of Cardiology/American Heart Association (ACC/AHA) staging

            




            

              	Stage A



              	High risk for developing heart failure, absence of structural heart disease, or symptoms related to HF.

            




            

              	Stage B:



              	Presence of structural heart disease, without any symptoms of HF.

            




            

              	Stage C:



              	Both structural heart disease and symptoms of HF are present.

            




            

              	Stage D:



              	Refractory cases of heart failure involving specific interventions.

            




            

              	Based on the measurement of the LVEF

            




            

              	HF with preserved EF (HFpEF)



              	LVEF ≥50% with evidence of diastolic dysfunction or structural cardiac changes.

            




            

              	HF with reduced EF (HFrEF)



              	LVEF <40%

            




            

              	HF with mid-range ejection fraction HFmrEF



              	LVEF in the range of 40–49%

            


          

        




      




      NYHA: New York heart association, HF: Heart Failure, LVEF Left ventricular ejection fraction, HFrEF: HF with reduced EF, HFmrEF HF with mid-range ejection fraction, HFpEF HF with preserved EF, ACC American College of Cardiology, AHA American Heart Association.




      Patients with HFpEF and HFrEF are challenging to diagnose based on patient symptomology or clinical characteristics. As patients with HFpEF are characterized by an increase in LV wall thickness and sometimes increased left atrial size, which weakens and stiffens, preventing the LV chamber from filling properly, resulting in increased filling pressures. This impaired LV filling or suction capacity can be even presented as diastolic dysfunction. However, diastolic dysfunction can be a clinical feature in most patients with HFrEF, and subtle abnormalities of systolic function have been shown in patients with HFpEF. Therefore, the terms such as preserved or reduced ejection fraction are commonly applied over preserved or reduced ‘systolic function’ [37]. NYHA classification provides an essential tool to stratify the risk in heart failure patients and decide the trial suitability of the population for enrolment. However, being a symptom-based score, inconsistencies in symptom assessment with low reproducibility are common, and its relation with objective measures of HF is also unknown. The American College of Cardiology Foundation/American Heart Association (ACCF/AHA) staging system reflects disease progression and complements the NYHA classification [38]. However, symptom severity correlates poorly with many measures of LV function [37]. Patients with mild symptoms may still have an increased risk of hospitalization and death [39, 40]. Ejection fraction-based classification helps to characterize the HF patients in routine practice and critical for determining the prognosis and treatment of patients with heart failure.


    




    

      PROGNOSIS of HF




      Various studies have shown an almost proportional reduction in life expectancy after HF diagnosis [41]. Few studies determining the prognosis are summarized below in Table 5.




      

        Table 5 Summary of prognosis in HF in various studies.




        

          

            

              	Study Name



              	n (with HF)



              	Average Age at Outset (Years)



              	1-year Survival


              (%)



              	2-year Survival


              (%)



              	5-year Survival


              (%)



              	10-year Survival


              (%)

            


          



          

            

              	Mosterd et al. [42]



              	181



              	68.9



              	89



              	79



              	59



              	ND

            




            

              	Nielsen et al. [43]



              	100



              	74.1



              	ND



              	ND



              	61



              	ND

            




            

              	Pons et al. [44]



              	960



              	69



              	89.4



              	ND



              	ND



              	ND

            




            

              	Hobbs et al. [45]



              	6162



              	64.2



              	ND



              	ND



              	63



              	ND

            




            

              	Taylor et al. [46]



              	6162



              	64.2



              	ND



              	ND



              	ND



              	26.7

            




            

              	Tsutsui et al. [47]



              	2685



              	74



              	90.9



              	ND



              	ND



              	ND

            


          

        




        

          ND, not done; n, number; HF, heart failure.

        




      




      At a population level, epidemiological evidence shows mean survival rates in chronic HF of 80–90%, 50–60%, and 30% at 1, 5, and 10 years respectively. However, the complexity of a patient’s disease and their comorbidities makes it difficult to generalize these population studies to individuals [48]. There are certain patient-related risk factors like rising age, systolic dysfunction, a persistent rise in natriuretic peptides, and vascular or renal disease markers that are the strong predictors for worse outcomes [48].




      One prospective study was conducted to understand the impact of prognostic effects of diabetes in HF. The proportion of diabetic patients was higher in the ischemic subgroup (30%) than in the non-ischemic subgroup (16%) of 1246 patients with left ventricular dysfunction. coexistent coronary artery disease is associated with an increased risk of HF in patients with diabetes. Like ischemic cardiomyopathy, the underlying etiology significantly impacts the prognosis of diabetes mellitus in HF patients. (HR=1.43 [1.03; 1.98], (p=0.03) [49].




      In a prospective cohort study, 25.7% of patients with CHF with reduced ejection fraction had DM; this group was more likely to have CHF of ischemic etiology. Insulin-treated diabetes is strongly linked with poor prognosis in patients with HF, particularly in the advanced course of the disease, though the mechanism is unknown [50]. In a retrospective study involving 132 patients (23.8%) with diabetes with advanced systolic HF, survival at one year was 85.8% and 62.1% in non–insulin-treated and insulin-treated diabetic patients, respectively (P < .000 01). Insulin-treated diabetes, as confirmed by multivariate analysis, was found to be an independent risk factor predicting in-hospital mortality (HR 4.30, 95% CI 1.69-10.94) [51].


    




    

      PATHOGENESIS of HF in DIABETES




      Patients with diabetes have higher odds of premature morbidity or mortality with cardiovascular disease (CVD) than individuals without diabetes, particularly with twice the risk of developing heart failure. However, a major landmark clinical trial demonstrated that the relation between intensive glycemic control by antidiabetes medications and the effect on the cardiovascular endpoint is much more intricate and multifaceted. Clinical studies like ADVANCE (Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation) [52], ACCORD ((Action to Control Cardiovascular Risk in Diabetes)), and VADT (Veterans Affairs Diabetes Trial) achieved target HbA1c concentrations of ~6.0% relative to a control arm of ~7.0%. Results of these studies are decidedly mixed, with no benefit in lowering HbA1c in terms of macro-vascular benefits, and increased all-cause mortality in the intensive group may attributable to a vulnerable population [53].




      The mechanisms can be summarized as below:




      

        Renin Aldosterone Angiotensin System (RAAS)




        Systemic activation of the renin-angiotensin-aldosterone system (RAAS) has been implicated in linking diabetes and its associated cardiovascular diseases [54]. RAAS activation at the heart has also been proposed both in diabetes mellitus and in HF [55]. ACE (angiotensin-converting enzyme) inhibitors reduce the risk of new-onset HF in patients with established CVD or diabetes mellitus and correlate with reduced urinary albumin excretion [56]. RAAS activation may also have a




        role in inflammation, cardiac fibrosis, and oxidative stress in diabetes mellitus, responsible for deleterious cardiac remodeling [57, 58].


      




      

        Dyslipidaemia and Altered Cardiac Metabolism




        Dyslipidemia is prevalent among diabetic patients and a significant risk factor for CVD. Diabetic dyslipidemia is marked by low HDL (high-density lipoproteins), increased plasma TG, and high LDL (low-density lipoproteins). Increased fatty acid flux in adipocytes may be related to secondary insulin resistance and altered hepatic lipid metabolism [59]. There is increased myocardial FA utilization, decreased glucose utilization, and decreased cardiac efficiency in diabetes. Accumulation of triglycerides and intermediates of lipid metabolism, such as ceramide is common in the diabetic heart [60]. FA utilization and oxidation rates are reduced in HF [61]. Lipotoxicity exacerbated by the combined effect of HF and diabetes mellitus further reduces cardiac contractility [62]. Dysglycemia in diabetes is linked to increased generation of glucosamine that is responsible for generating posttranslational modifications through a process known as O-GlcNAcylation on diverse cellular proteins. Increased protein O-GlcNAcylation is associated with hypertrophy and HF in the experimental model [63, 64].


      




      

        Mitochondrial Dysfunction




        Increased mitochondrial uncoupling associated with HF and T2DM has been described in diabetes mellitus, which may impair the efficiency of the use of substrates by the myocardium in the diabetic heart [65]. Impaired myocardial energetics has been described in many studies, suggesting its role in humans with HF with reduced EF [66, 67].


      




      

        Glucolipotoxicity




        Glucotoxicity leads to surplus fuels such as FAs, ketones, and glucose, but metabolic dysglycemia makes the heart unable to process these substrates, probably due to mitochondrial dysfunction. In turn, toxic by-products accumulated may contribute to the increased myocardial injury. Metabolic by-products of lipid or glucose metabolism have been described as glucolipotoxicity resulting in pathological consequences in myocardium level [59]. Increased availability of lipid intermediates like ceramides, diacylglycerol, or oxidized phospholipids leads to lipotoxicity [55]. Glucose or its metabolites might also affect myocardial gene expression through transcription factors or epigenetic mechanisms [68]. Although in the context of diabetes mellitus, an adaptative mechanism to reduce glucose uptake in the heart is compromised due to persistent hyperinsulinemia and hyperglycemia, increased circulating FAs lead to cumulative by-products of glucolipotoxicity.


      




      

        Myocardial Inflammation




        Proinflammatory cytokines have also been shown to play a role in HF's pathogenesis [69] and increased circulating levels of proinflammatory cytokines like primarily TNF-α (tumor necrosis factor-α), IL-6, IL-18, and cytokine receptors correlated with mortality in patients with both HF with reduced EF and preserved EF [70-72]. The pathophysiological role of myocardial inflammation is not clear in diabetic cardiomyopathy [73]. In diabetes mellitus, cytokines and chemokines secreted by visceral adipocytes contribute to low-grade inflammation in the heart. Additionally, cytokine secretion from cardiac cells induced by hyperglycemia promotes monocytes' recruitment, contributing to inflammatory and then cardiac hypertrophy [74-76]. Dysregulated glycemia in diabetes may elevate the risk of an inflammatory process in cardiac structure by altering a number of signaling pathways that converge on NF-κB (nuclear factor κ-light-chain-enhancer of activated B cells). These include activation of the heterogeneous system like renin-angiotensin system, advanced glycated end-products (AGEs), and damage-associated molecular patterns [77].


      




      

        Insulin Resistance




        Impaired insulin sensitivity has been shown to have a strong relationship with the risk of HF [78]. From their clinical spectrum and evidence, these two co-exist conditions impact the presence and worsening of one disorder, on the other, resulting in bidirectional effects [79]. The experimental model with cardiomyocyte-restricted knockouts of the insulin receptor has supported a role for altered insulin signaling in HF development. These observations, collectively with epidemiological studies, have implicated insulin resistance as a contributing factor to the development of HF [80, 81].


      




      

        Advanced Glycated End Products




        Advanced glycation products have played a significant role in diabetic CV injury's pathophysiology, including diabetic cardiomyopathy [82]. The mechanistic pathway shows that AGEs interlink with extracellular matrix proteins to increase fibrosis tissue in the myocardium [83, 84].


      




      

        Sympathetic Overactivity




        Neurohumoral feedback activation of the sympathetic nervous system (SNS) in diabetes also contributes to heart failure development and progression [85]. Glucose fluctuations in diabetes and obesity drive SNS overactivity, hyperinsulinemia, activation of the RAAS, renal dysfunction, and increased circulating non-esterified FA and adipokines, which may be considered as risk factors for heart failure [86, 87]. Also, progressive damage to autonomic nerve fibers results in early augmentation of sympathetic tone [88]. This excessive adrenergic drive may lead to secondary hypertension in the long term and vascular stiffening and remodeling [89], increased oxygen consumption, left ventricular hypertrophy, and fibrosis [90].


      




      

        Diabetic Cardiomyopathy




        Diabetes is linked to myocardial structural and functional changes; in the absence of obvious myocardial ischemic changes and hypertension, including a disproportionate left ventricular hypertrophy, it may lead to stiffening of the heart and an increased risk of heart failure [55, 91]. All these changes taken together encompass the term diabetic cardiomyopathy [91]. Diastolic dysfunction in diabetes is associated with: a) Microvascular disease in the heart, b) Left ventricular hypertrophy, c) Autonomic neuropathy, d) Myocardial fibrosis [85].


      




      

        Cardiac Autonomic Neuropathy (CAN)




        Diabetic cardiovascular autonomic neuropathy (CAN) associated with diabetes involves abnormalities in autonomic nerve fibers of the heart and blood vasculature, causing abnormalities in heart rate and vascular dynamics [92]. The prevalence of CAN has been reported to be 25% to 75% in T2DM as per the published reports [93]. Patients with T2DM must be screened for CAN at the time of diagnosis and those with T1DM within five years of their diagnosis, especially patients presenting with risk factors, such as poor glycemic control, smoking [92]. According to the American Diabetes Association (ADA) guidelines, diabetic patients exhibiting CAN symptoms should be ruled out for other causes like microvascular/neuropathic complications of hypoglycemia unawareness [88, 94]. Diabetes-related CAN results from complex interactions between glycemic control, disease duration, systolic and diastolic blood pressure, and aging-related neuronal death [88]. Hyperglycemia is thought to be a primary culprit, spurring a cascade of multiple complex mechanisms and pathways that induce oxidative stress and toxic glycosylation products, eventually resulting in neuronal dysfunction leading to death [88, 93]. Hyperglycemia increases mitochondrial production of free reactive oxygen species, thereby causing oxidative damage to the microvasculature supplying these peripheral nerves [95, 96]. Diabetes triggers multiple reactions that promote neuropathic changes and activates apoptotic pathways [88, 93, 96]. The earliest manifestation in subclinical CAN is reduced HR variability, while resting tachycardia and reduced exercise tolerance may be seen in clinical CAN [88, 93]. Severe CAN can manifest as orthostatic hypotens-




        ion and sympathetic denervation of the heart [93]. Current treatment of CAN focuses on glycemic control and symptomatic treatment of orthostatic hypotension [92].


      


    




    

      CVOT in LIGHT of HF WITH ONGOING TRIALS ON DIABETIC HF POPULATIONS




      As the glitazone group of glucose-lowering medications created broad spread concerns of elevated micro- and macrovascular risk, the Food and Drug Administration (FDA) set forth the guideline to conduct the cardiovascular safety trials in diabetes in 2008 to prove the cardiovascular safety of all new antihyperglycemic agents entering into clinical practice to prevent any undesired increase of CV risk [97]. Therefore most of the CVOTs are conducted with atherosclerotic endpoints such as primary composite endpoints (3-point major adverse CV event, 3P-MACE), including mortality due to CV causes, non-fatal myocardial infarction (MI), and non-fatal stroke [98]. Some trials involve the hospitalization rate for unstable angina pectoris as a different primary outcome (4P-MACE). Secondary outcomes often include hospitalization due to heart failure (HF), CV mortality, death due to any cause, and renal outcomes, which may or may not be adjudicated with an independent committee. Since 2008, every single glucose-lowering drug, recently approved by US FDA (US Food and Drug Administration), has undergone a CVOT to evaluate its CV safety (hazard ratio (HR) < 1.8) [99]. Several trials of novel antihyperglycemic drugs later showed cardiac benefit in HF outcomes, which were not evaluated as the primary endpoint of the trials considering the primary aim of all CV outcome trials was to demonstrate CV safety in patients' medications and not CV benefit. Given the extraordinary benefit of SGLT2 inhibitors, the usage is expanded beyond diabetes indication, and trials are planned to investigate these agents in patients with predominant HF with or without diabetes. A summary of the characteristics and results of HF and CV outcome trials published until 2019 is listed in Table 6 [100].




      

        Table 6 Summary of various CVOTs in T2DM till 2019 with their key HHF outcomes.


        left



        

          

            

              	Study Name



              	Clinical Trial Identifier Number



              	Interventional Drug



              	Drug Class



              	Primary Outcome



              	n



              	Outcome of HHF: HR (95% CI)


              p-value

            


          



          

            

              	Glucagon-like peptide-1 receptor analogues



              	



              	



              	



              	

            




            

              	PIONEER-6



              	NCT02692716



              	Semaglutide oral



              	GLP1RA (oral)



              	Death from CV causes (including undetermined causes of death), non-fatal MI, non-fatal stroke



              	3183



              	0.86 (0.48–1.55)


              (Secondary outcome)

            




            

              	REWIND



              	NCT01394952



              	Dulaglutide



              	GLP1RA



              	Non-fatal MI, non-fatal stroke, death from CV causes or unknown causes



              	9901



              	0.93 (0.77–1.12)


              p = 0.46

            




            

              	EXSCEL



              	NCT01144338



              	Exenatide



              	GLP1RA



              	3P MACE



              	14752



              	0.94 (0.78–1.13)

            




            

              	LEADER



              	NCT01179048



              	Liraglutide



              	GLP1RA



              	3P MACE



              	9340



              	0.87 (0.73–1.05)


              P=0.14

            




            

              	SUSTAIN-6



              	NCT01720446



              	Semaglutide



              	GLP1RA



              	3P MACE



              	3299



              	1.11 (0.77–1.61)


              P=0.57

            




            

              	Harmony


              Outcomes



              	NCT02465515



              	Albiglutide



              	GLP1RA



              	3P MACE



              	9574



              	Not an end point

            




            

              	Sodium-Glucose cotransporter 2 inhibitor



              	



              	



              	



              	

            




            

              	EMPA-REG



              	NCT01131676



              	Empagliflozin



              	SGLT2i



              	3P MACE



              	7000



              	0.65 (0.50–0.85)


              P=0.002

            




            

              	DECLARE-TIMI 58



              	NCT01730534



              	Dapagliflozin



              	SGLT2i



              	3P MACE + hospitalisation


              due to heart


              failure



              	17276



              	0.73 (0.61–0.88), p = 0.17 (part of primary end point)

            




            

              	CANVAS program



              	NCT01032629



              	Canagliflozin



              	SGLT2i



              	3P MACE



              	10142



              	0.67 (0.52–0.87)

            




            

              	Dipeptidyl peptidase 4 inhibitor



              	



              	



              	



              	

            




            

              	TECOS



              	NCT00790205



              	Sitagliptin



              	DPPIVi



              	4P MACE



              	14671



              	1.0 (0.83–1.20)


              P=0.98

            




            

              	SAVOR-TIMI 5



              	NCT01107886



              	Saxagliptin



              	DPPIVi



              	3P MACE



              	16492



              	1.27 (1.07–1.51)


              P=0.007*

            




            

              	EXAMINE



              	NCT00968708



              	Alogliptin



              	DPPIVi



              	3P MACE



              	5380



              	1.19 (0.9-1.58)

            




            

              	CARMELINA



              	NCT01897532



              	Linagliptin



              	DPPIVi



              	3P MACE



              	6980



              	0.87 (0.57–1.31), p = 0.50

            




            

              	CAROLINA



              	NCT01243424



              	Linagliptin



              	DPPIVi



              	3P MACE



              	6042



              	1.21 (0.92–1.59) (Secondary or tertiary outcome)

            


          

        




      


    




    

      DIAGNOSTIC TOOLS AND APPLICATIONS WITH THEIR LIMITATIONS




      The initial evaluation for HF involves complete work-up like history and physical examination to the assessment of various clinical symptoms and signs, laboratory and biochemical test, including complete blood count, glycemic profile, fasting lipid profile, complete metabolic profile for levels of serum electrolytes (including calcium and magnesium), renal function test like blood urea nitrogen, serum creatinine, urinalysis, and liver function tests, thyroid-stimulating hormone [101, 102]. The various methods used to diagnose HF, other than clinical features, are summarized in Table 7 below.
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