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ABSTRACT:
Diabetes poses a significant risk for cardiovascular disease. Clinical evidence, however, shows that strict glycemic control considerably increases rather than decreases cardiovascular mortality. This is partly because the majority of oral anti-diabetic medications have negative cardiovascular effects. For the treatment of type 2 diabetes, dipeptidyl peptidase-4 inhibitors are available as oral antidiabetic medications. The present review focuses on the cardiovascular consequences of DPP4 inhibitors. We utilised PubMed search engine, google scholar to find relevant studies. DPP4 inhibitors, a new kind of oral anti-diabetic drug, have undergone several large-scale clinical studies to assess its cardiovascular safety. Incretin-based oral glucose-lowering medications known as dipeptidyl peptidase-4 inhibitors have been shown to be effective and safe for treating type 2 diabetes mellitus. Their metabolic impact is achieved by protecting incretin hormones such as glucagon-like peptide-1 from breakdown of DPP-4. Several clinical studies are being conducted to assess the cardiovascular safety of DPP4 inhibitors. Three major prospective DPP4 inhibitor studies with cardiovascular outcomes were reported. Suggests Saxagliptin assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR-TIMI 53) and comprehensive patient-level pooled analysis with lingliptin versus standard comparator in patients with type 2 diabetes and CVD found that DPP4 inhibitors, such as saxagliptin and lingliptin, did not increase the risk of CV events in patients with type 2 diabetes and established CVD. DPP-4 inhibitors have been shown to lower numerous cardiovascular risk factors. Type-2 diabetes patients who are treated with DPP-4 inhibitors may experience cardiovascular benefits. But the risk of heart failure hospitalization remains a contentious issue, necessitating further multi-centre trials to establish the safety of DPP-4 inhibitors.
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INTRODUCTION:
Diabetes mellitus refers to a set of metabolic diseases marked by elevated blood glucose levels. In comparison to the general population, those with diabetes are more likely to suffer from morbidity and mortality. Rapid increase in the diabetes has been occurred in all over the countries. Prevalence of diabetes is increasing rapidly from past few decades14. The global prevalence of DM in 2019 was estimated to be 9.3% (463 million people) with a projection to rise to 10.2% (578 million) by 2030 and 10.9% (700 million) by 2045.13
Diabetes mellitus is chronic metabolic disorder characterised by defect in insulin secretion or action or both. The two most common kinds of diabetes are type 1 and type 2 . Type 1 diabetes is called as insulin dependent diabetes mellitus which is characterised by hyperglycaemia mainly caused due to autoimmune destruction of beta cells which results in deficiency of insulin secretion. Type 2 diabetes mellitus is called as non-insulin dependent diabetes mellitus which occurred due to insulin resistance or impaired beta cell secretion. Chronic hyperglycaemia is associated with defect in protein, fat, carbohydrate metabolism. Retinopathy, neuropathy, nephropathy are the various complications of diabetes mellitus.25
Diabetes mellitus has long been recognised as a risk factor for heart disease and, for the purpose of predicting and preventing cardiovascular risk. Cardiovascular disease is the main factor in complications and fatalities in T2DM patients, among them most commonly myocardial infarction and stroke. Patients with type 2 diabetes mellitus have a personal and societal burden due to cardiovascular disease.6 cardiovascular disease major cause for morbidity and mortality in patients with type 2 diabetes mellitus. Cardiovascular disease is the primary cause of mortality among diabetes patients, accounting for around 50% of fatalities worldwide. Patients with T2DM are more likely to develop atherosclerosis and coronary artery disease compared to those without diabetes. Furthermore, when compared to people without diabetes, T2DM patients had increased clinical outcomes when they have coronary artery disease. Preventing long-term microvascular problems and, to a smaller extent, macrovascular consequences, is the main advantage of lowering blood glucose levels in T2DM.26
In order to develop long-term glycaemic control, a variety of antidiabetic therapies are used, which may also favourably alter the excessive CVD risk, limit increase in body weight, and lower the frequency of hypoglycaemia. In order to treat diabetes and cardiovascular disease and other associated disease variety of therapeutic drugs are used which may results in polypharmacy. Apart from hypoglycaemic effect antidiabetic drugs may have additional cardiovascular effect. Along with single and combination of oral antidiabetic drugs, injectable drugs are also available in order to treat diabetes mellitus apart from insulin. A variety of antidiabetic drugs used to treat type 2 diabetes mellitus include sulfonylureas, biguanides, alpha-glucosidase inhibitors, dipeptidyl peptidase IV inhibitors, glucagon-like peptide-1 receptor agonists, meglitinides, thiazolidinediones, and bile acid sequestrants. However, diabetes is closely associated with diabetes and some of the medications used to treat diabetes may worse the heart failure. In this review, we mainly concentrate on evidence provided on the effect of DPP4 inhibitors on cardiovascular disease.8,27
DPP 4 INHIBITORS:
Membrane protein DPP4 comprises 766 amino acids and belongs to a family of related enzymes that cleaves N-terminal dipeptides from proteins that include proline or alanine in the position adjacent to the last. [DPP4 has a short N-terminal cytoplasmic portion (6 residues, AA 1e6), a 22-residue transmembrane domain and a large C-terminal extracellular domain (AA30e766). Adenosine deaminase or extracellular matrix binding and enzymatic activity are carried out by an eight -blade b-propeller domain and an a/b-hydrolase of DPP4. DPP4's C-terminal region is where its catalytic activity is found, and it is dependent on the dimerization state of the protein. For adenosine deaminase binding, DPP4's cysteine-rich region, namely residues 294 and 340–343, is crucial.1

The enzyme DPP-4 inhibitors found all over the cells in the body and is measurable as the circulating plasma activity of an enzyme. It is located in the thin membranes that coat the blood arteries and the heart. An incretin called GLP-1, which increases insulin production in pancreatic cells, is degraded by the enzyme DPP-4. GLP-1 secretion is decreased in type 2 diabetes patients, which contributes to the diminished "incretin effect" in diabetics. DPP-4 inhibitors raise endogenous GLP-1 levels by preventing the enzymatic breakdown of GLP-1, hence promoting insulin production. DPP4 inhibitors prevent DPP-IV from quickly destroying GLP-1, which is typically secreted by the endocrine cells of the small intestine after a consumption of meal, thereby DPP-4 inhibitors prolong the half-life of incretins. GLP-1's effect on insulin production is significantly decreased in T2DM patients.28,29
Apart from its circulatory form, the DPP4 is expressed in endothelial cells, liver, stomach, kidney, lungs, and T lymphocytes20,2. The enzyme operates on a variety of substrates inside these organs, the most extensively researched being GLP-1 and glucose-dependent insulinotropic polypeptide. Hyperglycaemia causes an increase in GLP-1 synthesis, which in turn prompts pancreatic cells to secrete insulin while suppressing glucagon release. When metformin is contraindicated, treatment recommendations advise using DPP-4 inhibitors as a monotherapy; if a patient is not able to achieve their specific glycemic control, they may also be given in a dual or triple therapy regimen with additional antidiabetic drugs. Reduced gastrointestinal motility and gastric emptying are two secondary processes implicated in glycemic control. Effective glucose-lowering drugs DPP4 inhibitors have a minimal risk of hypoglycemia and effect of neutralizing weight, which improves their safety profile. DPP-4 belongs to the endopeptidase family, Sitagliptin, saxagliptin, vildagliptin, and alogliptin are the drugs under this class. For the treatment of type 2 diabetes, sitagliptin and vildagliptin both shown sufficient clinical efficacy, either by itself or in conjunction with other approved oral antidiabetic drugs like metformin20.
DPP-4i, an oral glucose-lowering medication, has been a popular second-line treatment for type 2 diabetes during the past decade.It is among the limited effective treatment choices for patients with renal impairment, offering a favorable safety and tolerability profile, including a lower risk of hypoglycemia and minimal weight gain. Nevertheless, concerns regarding the potential risk of heart failure (HF) with this drug class have drawn significant attention, owing to its extensive use in routine clinical practice and the important clinical implications 32
DPP-4 inhibitors are effective as monotherapy and in combination treatment for lowering HbA1c. Although limited observational studies in people and animal studies have demonstrated some positive cardiovascular effects, the clinical value of DPP-4 inhibitors remains uncertain2. Endogenous GLP-1 is expressed in vascular endothelium and cardiac tissue; hence it is physiologically possible that incretin-based treatments like DPP-4 inhibitors have cardiovascular consequences.5 DPP-4 inhibitors' cardioprotective activities in preclinical models of ischemia damage and HF are contrasted by moderate and sometimes ambiguous findings in short-term human investigations6. Even while some beneficial benefits have been reported on heart function in individuals with T2DM who have ischemic heart disease or heart failure, their therapeutic importance has to be further investigated6.

Cardiovascular effect of DPP4 inhibitors:
The longitudinal analysis of commercial claims data for persons with diabetes who also had cardiovascular disease and renal impairment by Sheriza Baksh et aldiscovered that the new usage of DPP-4 inhibitors was associated with a risk of MACE that was equivalent to that of metformin and lower than that of sulfonylureas19. Iqbal et al. pooled data from 20 randomised controlled trials with 9156 patients receiving saxagliptin as a monotherapy or adjunctive treatment for type 2 diabetes mellitus, along with 11 studies examining the combination of saxagliptin and metformin. And this study suggests the proportional risk (95% confidence interval) for a composite outcome of determined CV death, MI, and the stroke rate was 0.75, indicating no elevated risk of MACE 12,9. In their study on cardiovascular safety, Engel et al. included 14,611 participants who were initially randomly allocated to receive either a non-sitagliptin comparator or 100 mg/day of sitagliptin. 78 participants in the cohort trial had at least one MACE-related event recorded; 40 of them used sitagliptin, and 38 did not. Additionally, sitagliptin medication did not increase cardiovascular risk in those with type 2 diabetes mellitus, according to the pooled analysis of 25 randomised clinical studies11,9. Rosenstock et al. selected 9,459 subjects for the study among them 5,847 population was received lingliptin and 3612 with comparator. According to the investigator, lingliptin has a low CHF occurrence rate10. In preclinical models, linagliptin protects against both macrovascular and microvascular consequences of diabetes, according to a new study24.White et al conducted a study trial within 6107 individuals, among them 4,162 patients were randomly assigned to alogliptin drug, 687 to placebo, and 1168 (19%) to comparator antihyperglycemic medicines and these studies found no evidence of an increased CV risk with alogliptin in people with type 2 diabetes.3,9.
DPP-4 inhibitors failed to significantly lower the rates of unstable angina, mortality from any cause, nonfatal MI, nonfatal stroke, or CV death. In addition, DPP-4 inhibitors were linked to a non-significant 13% increase in HF hospitalizations with heterogeneity21. According to Patil et al.'s meta-analysis, DPP4 inhibitors are safe for the cardiovascular system and may even lower the likelihood of negative CV events15.
Davis TM et al. (TECOS trial) evaluated 14,671 T2DM patients with cardiovascular disease and found that sitagliptin provided effective glycemic control without increasing cardiovascular risk or heart failure incidence, showing a neutral CV effect across racial groups.30 Chawla et al. observed that sitagliptin–dapagliflozin combination therapy improved HbA1c, BP, LDL-C, and body weight, indicating cardiovascular benefits. 33 Kalra et al. Jeon WK et al. compared DPP-4 inhibitors with sulfonylureas in 16 studies and found no significant difference in major cardiovascular outcomes, though DPP-4 inhibitors had lower hypoglycemia and weight gain risk.31 Kalra et al. reported that saxagliptin added to metformin significantly improved glycemic control with minimal hypoglycemia and no rise in CV events, confirming its safety in real-world Indian T2DM patients. 34
Table 1 : Cardiovascular Safety of DPP-4 Inhibitors in Type 2 Diabetes: Evidence from Clinical Trials and Real-World Studies
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	conducted a pooled analysis on data from 20 randomized controlled trials involving 9156 participants with type 2 diabetes mellitus (T2DM) who were treated either with saxagliptin alone or as an add-on therapy. Additionally, a subset of 11 studies involving saxagliptin in combination with metformin was examined. This research concentrated on heart failure reported by investigators as well as evaluated serious adverse cardiovascular events (MACE), such as cardiovascular mortality, myocardial infarction , and stroke. Furthermore, incidence rate ratios (IRRs), derived using the Mantel-Haenszel method, were computed to compare the occurrence of these events between the saxagliptin and control groups. 12
	This study indicates that saxagliptin is not linked with increased cardiovascular risk.12


	Engel et al.
sitagliptin















	conducted post hoc analysis, data were compiled from a combined population of 14,611 individuals participating in 25 multicentre clinical trials conducted by Merck & Co., Inc. These trials, conducted in the United States or internationally, adhered to double-blind, parallel-group designs. Participants were randomly assigned to receive either sitagliptin at a daily dose of 100 mg (7,726 individuals) or a comparator treatment (6,885 individuals) for a duration spanning at least 12 weeks up to 2 years, which encompassed the longest studies included in the analysis.11
	This study suggests that sitagliptin has low cardiovascular in type 2 DM patients compared to sulphonyl urease.11

	White et al.
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	These trials included ambulatory persons with type 2 diabetes mellitus who were receiving lifestyle treatments or another antihyperglycemic medication but were not achieving satisfactory glycemic control. 
Most trials lasted 26 weeks, with exceptions of two 52-week trials and one 12-week trial. Patients were randomly given either alogliptin at 12.5 or 25 mg every day, or other diabetes medications like metformin, pioglitazone, sulfonylurea, glipizide, or insulin, or placebo.3
	But this study failed to find any indication that taking alogliptin increases the risk of cardiovascular disease in people with type 2 diabetes.3

	Rosenstock et al.
linagliptin
	Conducted pooled analysis from 19 double-blind, randomized, controlled trials, each spanning at least 12 weeks and involving 9459 participants, compared the effects of linagliptin against either a placebo or an active comparator. Additionally, the analysis included an evaluation of hospitalizations related to congestive heart failure (CHF), with specific adjudication of CHF events introduced during the phase 3 program across 8 trials encompassing 3314 participants. This trial included patients over 18 years old, diagnosed with type 2 diabetes, with their HbA1c levels between 7% and 10%, and BMI between 20 and 45 kg/m2. The occurrence of MACE was examined specifically in a subgroup of 18 placebo-controlled trials, involving 7746 participants.10
	From this study it was found that linagliptin does not increase the risk of cardiovascular disease in people with T2DM.10


	Davis TM et al.
	conducted randomised, double blind, placebo-controlled trial on 14, 671 individuals diagnosed with cardiovascular disease and type 2 diabete s mellitus. Patients were randomly assigned to sitagliptin or placebo, in addition to their standard care. To ensure a fair comparison, patient’ background diabetes medications were kept unchanged for 4 months, unless a clinical change was essential. This study allowed researcher to analyse initial Hba1c changes and longer-term therapy progression in different racial groups .
	The study analyzed whether race influenced glycaemic response to sitagliptin and the progression of therapy in TECOS participants. And found that sitagliptin did increase or decrease the cardiovascular risk . No difference between racial groups regarding  cardiovascular outcomes . Sitagliptin is cardiovascularly safe (neutral effect). It does not increase the risk of heart failure, unlike some concerns raised with other DPP-4 inhibitors, but provided glycaemic control safely in patients with established cardiovascular disease.


	Jeon WK et al.et al.
	The study compared the cardiovascular effects of DPP4 inhibitors and sulfonylureas (SUs) when used as adjuvant therapy to metformin in adults with type 2 diabetes using a systematic review and meta-analysis. For trials evaluating combination therapy of metformin with either an SU or a DPP4 inhibitor, researchers searched major databases such as PubMed, Cochrane Library, and Embase. They included 15 randomised controlled trials and 1 prospective observational study after screening. We extracted information on coronary heart disease, myocardial infarction, heart failure, ischaemic stroke, hypoglycemia, weight change, major adverse cardiac events (MACE), cardiovascular mortality, all-cause mortality, and cardiovascular mortality. Weighted mean differences (WMD) or relative risks (RR) were calculated in meta-analyses using random-effects models, and I2 statistics were used to evaluate study heterogeneity.
	The study found no significant differences between sulfonylureas and DPP4 inhibitors in major cardiovascular outcomes such as all-cause mortality, cardiovascular mortality, MACE, myocardial infarction, or heart failure, except for ischemic stroke, which was lower with DPP4 inhibitors. DPP4 inhibitors were associated with a lower risk of hypoglycemia and less weight gain, suggesting a safer profile. Overall, DPP4 inhibitors are a feasible and safe add-on therapy to metformin in T2DM, with potential modest cardiovascular benefits, particularly in reducing ischemic stroke risk. sulfonylureas remain a reasonable alternative considering cost and cardiovascular risk.


	Chawla et al. 
	This retrospective, multicentric observational study conducted across 111 centers in India evaluated the effect of DPP-4 inhibitors, specifically the fixed-dose combination of sitagliptin and dapagliflozin, on cardiovascular outcomes in patients with type 2 diabetes mellitus. A total of 328 patients aged 18–59 years with uncontrolled diabetes (HbA1c >7%) and at least one cardiovascular risk factor or stable coronary artery disease were enrolled. Data on glycemic parameters (HbA1c, FPG, PPBG) and cardiovascular indicators such as systolic and diastolic blood pressure, LDL-C, and body weight were collected at baseline, week 4, and week 12. Patients with chronic kidney disease (eGFR <45 ml/min), hepatic impairment, or unstable cardiac conditions were excluded. Statistical analysis was performed using SPSS version 29.0.1.0, with a p-value <0.05 considered significant.
	This multicentric observational study demonstrated that the fixed-dose combination of sitagliptin and dapagliflozin significantly improved both glycemic and cardiovascular parameters in patients with type 2 diabetes mellitus. Over 12 weeks, there was a marked reduction in HbA1c (from 8.36% to 7.31%), fasting plasma glucose, and postprandial glucose levels (p<0.0001). Additionally, notable decreases were observed in systolic and diastolic blood pressure, LDL-C levels, and body weight, indicating beneficial cardiovascular effects. Subgroup analyses revealed consistent benefits across patients with hypertension, dyslipidemia, coronary artery disease, chronic kidney disease, and left ventricular dysfunction. Overall, DPP-4 inhibitor therapy combined with an SGLT2 inhibitor demonstrated effective glycemic control and potential cardiovascular protective benefits in real-world diabetic patients.


	Kalra, et al.
	This was a multicenter, prospective, non-interventional observational study conducted to evaluate the cardiovascular safety of DPP-4 inhibitors in patients with type 2 diabetes mellitus. Adult T2DM patients inadequately controlled on metformin and recently prescribed a DPP-4 inhibitor were enrolled, while those with type 1 diabetes, pregnancy, or conditions affecting study completion were excluded. Statistical analyses were performed using SAS version 9.4.
	The study demonstrated that adding saxagliptin, a DPP-4 inhibitor, to metformin in patients with type 2 diabetes resulted in significant improvements in glycemic control over three months, with a mean HbA1c reduction of 0.86%. The treatment was well tolerated, with a low incidence of hypoglycemia (3.89%) and only mild adverse events, indicating a favorable safety profile. Importantly, in patients with pre-existing cardiovascular conditions, the DPP-4 inhibitor showed no increase in adverse cardiovascular events, suggesting that saxagliptin is both effective for glycemic management and safe from a cardiovascular standpoint in real-world Indian T2DM patients.





CONCLUSION:
Overall, the evidence indicates that DPP-4 inhibitors provide good glycemic control with neutral or favorable cardiovascular outcomes.Drug class of DPP4 inhibitors effective in decreasing HbA1c levels in the diabetic population.2 Focus has been placed on the significance of DPP4 and its possible role in cardiovascular disease as a result of the introduction of DPP4 inhibitors and its crucial function in glycemic control. DPP4 as a class of medicines has proven to be an effective supplement in decreasing HbA1c levels in diabetes. Dipeptidyl peptidase-4 inhibitors not only prevent GLP1 breakdown, but also prevent the inactivation of various other peptides that may have cardioprotective properties.  Clinical studies on the DPP-4 family of medicines like sitagliptin, saxagliptin, alogliptin, linagliptin have shown some promise, pointing to a favorable cardiovascular risk profile. Overall, the evidence indicates that DPP-4 inhibitors provide good glycemic control with neutral or favorable cardiovascular outcomes. The study provides new insights into managing patients with type 2 diabetes and cardiovascular disease, particularly those at high risk of heart failure. Further research is needed to determine if these findings apply to all SGLT-2 inhibitors, T2DM patients, and nondiabetic patients.6 However, opinions on the possibility of being hospitalised for HF remain divergent.
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