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Abstract

Hyperglycemia is associated with an increased risk of cardiovascular disease, and the consequences of intensive therapy may depend on the mechanism of the anti-diabetic agent(s) used to achieve a tight control. In animal models, stable analogues of glucagon-like peptide-1 (GLP-1) were able to reduce body weight and blood pressure and also had favorable effects on ischemia following coronary reperfusion. In a similar way, dipeptidyl peptidase IV (DPP-IV) showed to have favorable effects in animal models of ischemia/reperfusion. This could be due to the fact that DPP-IV inhibitors were able to prevent the breakdown of GLP-1 and glucose-dependent insulinotropic polype​ptide, but they also decreased the degra​dation of several vasoactive peptides. Preclinical data for GLP-1, its derivatives and inhibitors of the DPP-IV enzyme degradation suggests that these agents may be able to, besides controlling glycaemia, induce cardio-protec​tive and vasodilator effects. Notwithstanding the many favorable cardiovascular effects of GLP-1/incretins reported in different studies, many questions remain unanswered due the limited number of studies in human beings that aim to examine the effects of GLP-1 on cardiovascular endpoints. For this reason, long-term trials searching for positive cardiovascular effects are now in process, such as the CAROLINA and CARMELINA trials, which are supported by small pilot studies performed in humans (and many more animal studies) with incretin-based therapies. On the other hand, selective renal sodium-glucose co-transporter 2 inhibitors were also evaluated in the prevention of cardiovascular outcomes in type 2 diabetes. However, it is quite early to draw conclusions, since data on cardiovascular outcomes and cardiovascular death are limited and long-term studies are still ongoing. In this review, we will analyze the mechanisms underlying the cardiovascular effects of incretins and, at the same time, we will present a critical position about the real value of these compounds in the cardiovascular system and its protection.
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INCRETINES IN THE CARDIOVASCULAR SYSTEM

As a cardiovascular risk factor, hypertension together with disglycemia, hyperlipidemia and overweight, is one of the components of the so-called metabolic synd​rome. From these four, hypertension takes the first position in mortality, particularly in middle- and low-income countries. Regarding disabilities, hypertension ranks in the third position after malnutrition and risky sex behavior[1-11]. As it is well known, diabetes mellitus is closely linked to cardiovascular diseases, and hypoglycemic agents may have either positive or negative effects on cardiovascular outcomes. Conse​quently, there is a growing interest in the evaluation of new compounds as therapeutic tools or with relation to side effects and interactions.

Incretins, either glucagon-like peptide-1 (GLP-1) analo​gues or dipeptidyl peptidase IV (DPP-IV) inhibi​tors, are just a new group of hypoglycemic drugs and their cardiovascular effects are being evaluated in different trials.

At the gastrointestinal level, incretins are able to increase insulin release after food intake in a glucose-dependent manner[12]. From these hormones, the most widely known ones are GLP-1 and the gastric inhibitory polypeptide.

The role of endogenous GLP-1 in the metabolic and cardiovascular systems has been intensively studied[13] with specific receptor antagonists (GLP-1R antagonists), with special attention to the cardiac effects of GLP-1 in different animal models. In conscious dogs with induced cardiomyopathy[14], GLP-1 infusion improved left ven​tricular contractility in 90%, stroke volume in 100% and cardiac output in 50%. Furthermore, an enhanced oxidative phosphorylation effect as a consequence of an increase in myocardial glucose uptake and oxy​gen consumption was also reported. Some authors suggested that the beneficial cardiovascular effects of GLP-1R stimulation are primarily due to the modu​lation of myocardial metabolism rather than direct mechanisms[14].
Other studies suggest that GLP-1 may induce vaso​dilation, possibly through the activation of specific endothelial and cardiovascular myocyte receptors[15].

In recent studies that used a mouse isolated heart pre​paration, both GLP-1 and its analog exenatide improved cardiac function following ischemia/reper​fusion[16]. Moreover, data reported that GLP-1 cardio-protective effects result from additional mechanisms over the GLP receptor activation, affecting the GLP-1 degradation pathway[16-18]. Thus, the improve​ment of ischemic injury by coronary vasodilation induced by the metabolite GLP-1 seems to be mediated by a nitric oxide GLP-1 receptor-independent mechanism.
Studies in human beings seemed to have similar effects than those found in animal models. As an example of this, a significant improvement of left ventri​cular ejection fraction and wall motion scores were reported in a pilot study[19] in which 10 patients with acute myocardial infarction and coronary arterial graft surgery were perfused for three days with recombinant human GLP-1. These effects were independent from the infarction location or the diabetes history and, in some patients; they were detectable even months after cessation of the infusion. Similarly, the GLP-1 infusion improved left ventricular ejection fraction and exercise capacity in both diabetic and non-diabetic patients with congestive heart failure[15]. Finally, in diabetic patients with coronary heart disease that were pretreated with GLP-1 before cardiac surgery, an improvement of glycemic control and hemodynamic recovery indexes were reported[20] .

In type 2 diabetes, endothelial dysfunction is an early alteration of the consecutive vascular disease that is responsible for an increase in cardiovascular (CV) morbidity and mortality. Furthermore, endothelial dysfunction, as a cluster of the metabolic syndrome, together with postprandial hyperglycemia and post​prandial hypertriglyceridemia are commonly asso​ciated with oxidative stress, decreased fibrinolysis, sympathetic activation, and increased atherosclerotic coronary plaque burden[21]. It is interesting that incretins play a role in reducing endothelial dysfunction in experimental studies. In accordance with this information, Basu et al[22] reported that administration of GLP-1 enhanced forearm vasodilator response to intra-arterial acetylcholine but not to nitroprusside, which was consistent with a nitric oxide synthase-dependent effect. However, whether the role of GLP-1 or the products of its degradation mediated these effects was not evaluated. In a review published by our group[23] that included patients with type 2 diabetes, we examined the endothelial function and the effects of treatment (Figure 1). The endothelial function was improved with ramipril, an angiotensin-converting enzyme inhibitor (ACEI), suggesting that GLP-1 may have endothelial effects that are similar to the ones of ACEI. In another study of Japanese diabetic patients with coronary artery disease, changes in endothelial function[24] were studied when patients were treated for 6 mo either with sitagliptin or conventional therapy. Patients receiving sitagliptin experienced a greater reduction in the C-reactive protein and systolic blood pressure (-7 mmHg), whereas hemoglobin A1c did not present any changes after treatment when compared to the control group. The authors concluded that sitagliptin, beyond its hypoglycemic action and blood pressure reduction, significantly improved the endothelial function and inflammatory state.

In conclusion, incretins as a family of anti-diabetic drugs may have additional protective effects on the cardiovascular system not only by improvement of glycemic control. In this regard, the mechanisms involved could be: the optimization of the endothelial function and the reduction of the inflammatory process with a subsequent improvement of the arterial and cardiac dynamics.

INCRETINS ON BLOOD PRESSURE

In addition to the well-demonstrated metabolic actions, incretins can reduce blood pressure as shown in different animal models of arterial hypertension. In Dahl salt-sensitive (DSS) rats, infusion of recombinant GLP-1 induces a reduction in blood pressure with concomitant attenuation of the development of hypertension[25]. This effect was related to higher levels of urine flow and sodium excretion, known as the natriuretic effect. In addition, a decrease in LV hypertrophy was observed. Similarly, in another study with DSS[26], a blunting effect of development of hypertension and cardiac left ventricular hypertrophy was described when the animals were pretreated with an exenatide-related GLP-1 receptor agonist. This was further confirmed during the pre-hypertensive period in spontaneously hypertensive rats[27] in which the administration of sitagliptin increased the levels of biologically active intact GLP-1 and significantly reduced the increase of blood pressure. These effects do not seem to be the only mechanisms involved in blood pressure reduction since, by using a mouse transgenic model, cardiac GLP-1R activation was able to induce the plasma levels of atrial natriuretic peptide (ANP) together with a decrease in blood pressure. Conversely, in GLP-1r-deficient mice, the GLP-1R agonist liraglutide failed to induce ANP secretion, vasodilation and blood pressure reduction. This supports the idea that different mechanisms of action like a gut-heart GLP-1R and an ANP-dependent axis are involved in blood pressure regulation with these compounds.

Studies of the stable GLP analogues on blood pre​ssure were also performed in human beings[28]. Data obtained in six studies involving type 2 diabetic patients[29] showed that 6 mo of treatment with exenatide signi​ficantly reduces systolic blood pressure. Similarly, liraglutide in combination with other anti-diabetic drugs like metformin[30] also demonstrated the ability to reduce systolic blood pressure in diabetic hypertensive patients. In the LEAD-3 Mono trial[31], treatment with liraglutide vs glimepiride significantly decreased blood pressure. In a different study, Okerson et al[29] reported that six-month treatment with exenatide reduced systolic blood pressure when patients are pretreated with either insulin or placebo. The authors of these studies postulated that the exenatide antihypertensive effect seems to be partly independent from its meta​bolic activity. However, the weight loss effect cannot be ruled out[29] (Figure 2), raising one important point of discussion: How weight loss may contribute to lowering blood pressure and whether this reduction is linked to the antihypertensive effect. In fact, in the Okerson study[29] the decrease observed in systolic blood pressure was significantly related to weight loss. Likewise, in the LEAD-3 trial[32], liraglutide treatment significantly reduced weight, whereas glimepiride did not. However, in another study[33], a decrease in blood pressure was observed prior to a decrease in body weight. Thus, the real association between weight reduction and blood pressure reduction is not yet clear.
Different studies re-analyzed the effects of the pressure-natriuretic mechanism in lowering of blood pressure by both GLP-1 analogues[34] and DPP-IV inhibitors[35]. In addition, Crajoinas et al[35] recently suggested that the activation of the cAMP/PKA signaling pathway by incretins interferes with the normal Na+ transport in the proximal tubule that decreases sodium and water reabsorption, thus giving further support to the role of the natriuretic effect to the lowering of blood pressure through incretins.

ANTI-HYPERTENSIVE EFFECT OF DPP-IV INHIBITORS IN METABOLIC SYNDROME IN DIABETIC PATIENTS

Although a blood pressure decrease was reported in clinical studies with DPP-IV inhibitors in diabetes, these studies were not designed to evaluate the blood pressure effects and the conclusions were weak and failed to give support to the effect[36]. In this regard, patients with metabolic syndrome either under placebo or incomplete ACE inhibition were evaluated in one study carried out by Marney et al[37], who examined the interactive effect on blood pressure of the acute inhibition of both ACE and DPP-IV. The administration of sitagliptin was effective in lowering blood pressure. Yet, during maximal ACE inhibition sitagliptin had the opposite effect: It increased blood pressure with a concomitant increase in heart rate and circulating norepinephrine concentrations. These findings were similar to data previously reported in rats[38], where a dose-dependent decrease in blood pressure was observed with DPP-IV inhibition but later, when animals were pretreated with the ACE inhibitor captopril, the DPP-IV inhibition caused an increase in blood pressure. This effect was prevented with the blockade of the Neuropeptide Y (NPY1) receptors, thus suggesting that the combined inhibition of ACE and DPP-IV could raise blood pressure through their synergistic effects on substance P degradation. Moreover, Shah et al[39] showed that the inhibition of DPP-IV, similarly to GLP-1, is able to induce vasodilation (nitric oxide effect) with a consequent decrease in peripheral vascular resistance. Despite these controversial results, many investigators still favor the use of GLP-1 analogues and DPP-IV inhibitors for a better control of blood pressure in patients with diabetes and arterial hypertension[40,41]. In different studies performed in non-diabetic patients, sitagliptin[42] was associated with a 2-3 mmHg reduction in mean systolic blood pressure, assessed by 24-h ambulatory blood pressure monitoring and, in diabetic patients with inadequate glycemic control[43] that were receiving metformin, the addition of vildagliptin induced a dose-dependent decrease in both systolic and diastolic blood pressure.

Despite the data presented above, the ability of incretins to reduce blood pressure is still limited. Further studies must be performed in order to elucidate the real efficacy of GLP-1 analogues and DPP-IV inhibition on hypertension. Consequently, randomized trials in patients with either hypertension or diabetes and also with both hypertension and diabetes must be performed in order to elucidate this important question.

ANTI-INFLAMMATORY EFFECTS OF INCRETINS IN THE CARDIOVASCULAR SYSTEM

Clinical studies of DPP-IV inhibitors on cardiovascular outcomes

Although the CV protective effects of DPP-IV inhibitors seem to be a result of an improvement of type 2 diabetes, the accumulating evidence that was mentioned earlier also suggests a possible direct myocardial effect of GLP-1 on the improvement of the endothelial function, lowering blood pressure and preventing myocardial injury[44,45].

Another important mechanism of cardiovascular protection is associated with the immune modulatory role of DPP-IV on cardiovascular inflammation. Even though this concept has been minimally investigated, this seems to be an area of emerging importance to evaluate the role of DPP-IV inhibitors in the modu​lation of innate and adaptive immunity[46-50]. In this regard, the decreased accumulation of specific inflam​matory macrophages present in adipose tissue or atherosclerotic lesions related to the DPP-IV inhibitor treatment was studied[51,52]. The data provided raises the possibility of a DPP-IV facilitatory interaction with inflammatory related macrophages, resulting in an impairment of inflammation. On the other hand, since DPP-IV activity in serum and tissues is markedly increased in obesity in both animal models and human beings[53-55], the inhibition of DPP-IV might offer a novel strategy for suppression of low-grade inflammation present in diabetes and associated tissue insulin resistance with favorable effects that improve heart and coronary artery function. Thus, it is possible that the common effects of DPP-IV inhibition/GLP-1 signaling, in opposition to angiotensin II/aldosterone effects, contribute to the beneficial modulation of immune responses in the cardio-renal system[56-58].

On the other hand, the vasodilator effect of both GLP-1 and DPP-IV inhibitors correlate with an increase in cGMP release, which is attenuated by the pre-incubation with nitric oxide synthase inhibitors, suggesting that at least part of their vasodilator mechanism is nitric oxide/cGMP-dependent. In addition, it seems that the anti-inflammatory effect precedes the blood pressure effect and mediates early improvements in endothelial function and atherosclerosis. Important in vitro studies with linagliptin performed in a mouse model of diabetic nephropathy[59] showed anti-inflammatory[49,60] and antioxidant[61] properties, improved re-epithelialization and healing of diabetes-related wounds[60] and, in a chronic renal failure rat model[62], renoprotective effects that were not linked to the worsening of glomerular and tubular pathological markers. In addition, in a uremic cardiomyopathy rat model, linagliptin significantly reduced the RNA messenger (mRNA) levels of several cardiac fibrosis markers and of a marker of left ventricular dysfunction. These results would demonstrate an important anti-fibrotic property of linagliptin[62].

In clinical studies, incretins seemed to reduce cardio​vascular outcomes when compared to other hypoglycemic drugs as shown in a meta-analysis[63] in which the treatment with DPP-IV was associated with reduced CV events. The overall use of DPP-IV inhibitors compared to placebo or other oral hypoglycemic agents, apart from decreasing adverse CV effects, it was also able to reduce the risk of non-fatal myocardial infarction (MI) and acute coronary syndrome (ACS). Moreover, with DPP-IV inhibitor therapy the risk of adverse CV events was not significantly different compared to placebo, but was significantly lower compared to metformin and other oral hypoglycemic agents, including sulfonylureas and thiazolidinediones. In another small study[64] comparing sitagliptin vs placebo in patients with coronary artery disease and preserved left ventricular function awaiting revascularization, increased ejection fraction from 64.0% ± 8.0% to 73.0% ± 7.0% and increased plasma GLP-1 levels at peak stress (from 10.0 ± 9.0 pg/mL to 17.0 ± 11.0 pg/mL; P ≤ 0.003) and at rest (from 9.0 ± 6.0 pg/mL to 12.0 ± 6.0 pg/mL) were reported.

In a large meta-analysis[65] of 25 phase III studies, vildagliptin was administered either as monotherapy or in combination therapy for a period of 12 wk to 2 years and the drug safety was compared to a pool of placebo and active comparators. Relative to all comparators, the RRs for the composite endpoint were < 1 for both vildagliptin 50mgqd and vildagliptin 50mgbid, and the results were consistent across subgroups defined by age, gender and CV risk status, including the higher CV risk subgroups of elderly patients, males, or patients with a high CV risk status. The exposure-adjusted incidences of each component of the composite end​point for vildagliptin 50mgbid were also lower than or similar to those of all comparators. Based in these results, it was concluded that vildagliptin is a safe drug in the broad population of type 2 diabetes mellitus (T2DM), including patients at a higher risk of CCV events.

The incidence of major side effects (MACEs) was also evaluated in different studies with DPP-IV inhibi​tors. A meta-analysis[66] conducted to assess the effect of DPP-IV inhibitors on the incidence of MACE, cancer and pancreatitis compared to placebo or other treatment, determined that they were associated with a similar risk of cancer and pancreatitis and with a reduced risk of MACE. Frederich et al[67] analyzed eight randomized double-blind, phase II and III trials of patients with T2DM treated with saxagliptin, placebo, metformin, or glyburide. Cox proportional regression hazard model showed a 41% RR reduction of CV events with saxagliptin vs the comparators. The composite endpoint of CV death, MI or stroke was confirmed in 40 patients from whom 0.7% received saxagliptin and 1.4% received other comparator. The Cox RR estimate was 0.43 translating to a 57% risk reduction in patients assigned to saxagliptin. Thus, no CV harm and a potential for an actual reduction in CV events with saxagliptin was suggested[67].

Pooled information of MACEs[68-70] from different DPP-IV inhibitors is shown in Figure 3.

More recently, in a pre-specified meta-analysis assessing cardiovascular safety[71], cardiovascular risk did not increase with linagliptin 5 or 10 mg once daily (as monotherapy). Additional data suggested that linagliptin was not associated with a significantly greater risk of the primary composite endpoints, regardless of age, gender, and race, use of rescue therapy, hypoglycemia or cardiovascular risk. In an extension of one clinical trial[72], after receiving linagliptin monotherapy, the rate of patients reporting cardiovascular/cerebrovascular events was 4.1% and the rate of those with ischemic events amounted up to only 1.9%.

Finally, in a study[73] of 52 wk of follow-up in which 2.9% of the patients had severe renal impairment (a population with high cardiovascular risk), linagliptin was added to their hypoglycemic therapy, and the rate of death from cardiovascular causes was significantly lower and did not differ from the one observed with placebo.

Figure 4 shows safety indicators in other studies with linagliptin compared to other hypoglycemic drugs[74].

Trials specifically designed to evaluate the cardiovascular impact of DPP-IV inhibitors

In the SAVOR-TIMI 53 study[75], 16492 patients with type 2 diabetes and established atherosclerotic disease or high cardiovascular risk were randomized to receive saxagliptin or placebo. The primary endpoint was a composite of cardiovascular death, myocardial infarction or ischemic stroke, with a follow up of 2.1 years. No difference was observed for the primary endpoint when comparing saxagliptin to placebo (7.3% vs 7.2%, HR = 1.00, 95%CI: 0.89-1.12, P = 0.99 for superiority, P < 0.001 for non-inferiority). Surprisingly, a higher amount of hospitalizations due to heart failure were reported under saxagliptin compared to placebo (3.5% vs 2.8%; HR = 1.27, 95%CI: 1.07-1.51, P = 0.007). However, mortality secondary to heart failure did not increase (Figure 5).

The EXAMINE study[76] evaluated cardiovascular endpoints using alogliptin in patients with diabetes at very high cardiovascular risk. It randomized 5380 patients with diabetes and history of acute coronary syndrome. At a mean follow-up of 18 mo and compared to placebo, there was no difference in a composite of death from cardiovascular causes, non-fatal myocardial infarction, non-fatal stroke (11.3% vs 11.8%, HR = 0.96; P < 0.001 for non-inferiority), in the different components of the primary endpoint nor in the incidence of heart failure.
TECOS: In this randomized, double-blind study recent published, 14671 patients were assigned to add either sitagliptin or placebo to their existing therapy. The primary cardiovascular outcome was a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for unstable angina. Sitagliptin was noninferior to placebo for the primary composite cardiovascular outcome (HR = 0.98; 95%CI: 0.88-1.09; P < 0.001). Rates of hospitalization for heart failure did not differ between the two groups (HR =  1.00; 95%CI: 0.83-1.20; P = 0.98)[77].

The interim analysis of results of SITAGRAMI: Safety and Efficacy of Sitagliptin plus Granulocyte Colony-Stimulating Factor in Patients Suffering from Acute Myocardial Infarction[78]. It is a phase III multicenter trial testing the myocardial regenerating effects of Sitagliptin combined with G-CSF after an acute MI. The results are encouraging, but they still need to be confirmed once the long-term study has been analyzed.

Others ongoing multicenter clinical trials

CAROLINA: Cardiovascular Outcome Study of Linagliptin vs Glimepiride in Patients with T2DM[79]. It is a long-term multicenter study planning to enroll 6000 patients with an expected completion date in September 2018.

CARMELINA: Cardiovascular safety and Renal Microvascular outcome with linagliptin patients with T2DM at high vascular risk. It is a long-term study investigating the efficacy and safety of linagliptin vs placebo on cardiovascular and renal micro-vascular outcomes in patients with type 2 diabetes and risk of cardiovascular events. The study will randomize patients with type 2 diabetes and previous CV complications and albuminuria [urinary albumin creatinine ratio (UACR) ≥ 30 mg/g] with or without evidence of micro-vascular related end-organ damage and an estimated glomerular filtration rate (eGFR) between 15 and 45 mL/min and an UACR > 200 mg/g or eGFR ≥ 45-75. The study will include more than 8000 adults with type 2 diabetes. The primary endpoint will be the time to the first occurrence of either CV death (including fatal stroke and fatal MI); non-fatal MI; non-fatal stroke; or hospitalization for unstable angina pectoris. The renal outcome is measured as a composite of renal death, sustained end-stage renal disease and sustained decrease of ≥ 50% eGFR. The study will be completed in 2018. This kind of study could provide us with answers regarding the CV and renal outcomes for this type of drugs.

CARDIAC AND BLOOD PRESSURE EFFECTS OF RENAL GLUCOSE TRANSPORT INHIBITORS

The glucose reabsorption regulation is mainly performed in the kidneys where more than 99% of the plasma glucose that filters through the kidneys is reabsorbed. There are two transporters of glucose across cell membranes, the GLUTs, facilitative glucose transporters and an active sodium-dependent transport process mediated by the sodium/glucose co-transporters (SGLTs). These are a large family of intestinal epithelium and of the proximal renal tubules membrane proteins involved in the transportation of glucose, amino acids, vitamins, osmolytes, and some ions[80].

The high-capacity, low-affinity transporter sodium-glucose co-transporter 2 (SGLT2) is expressed primarily in the kidney, while SGLT1 plays an important function in the absorption of glucose in the intestine. The issue of gene expression and the possibility of SGLT adaptation to chronic hyperglycemia is an area for further investigation. A small amount of adaptation and a near two-fold increase in the SGLT2 mRNA expression in diabetes animal models was shown. The induction of diabetes in rats increased mRNA expression of both SGLT2 and hepatocyte nuclear factor-1a in the renal cortex. Glycemic control was improved after 6 d of treatment with insulin or phlorizin accompanied by a reduced expression of SGLT2 and hepatocyte nuclear factor-1a to near-normal levels[81].

SGLT2 inhibitors are a new class of anti-diabetic drugs that reduce renal glucose reabsorption selectively in the proximal convoluted tubule leading to an increased urinary glucose excretion without potential gastrointestinal side effects. The SGLT2 inhibitors that are currently under investigation are dapagliflozin, a C-Aryl glucoside, empagliflozin and sergliflozin, an O-glucoside and canagliflozin[82,83] and represent an interesting and important tool to be added for the treatment of hyperglycemia. Additionally, SGLT2 inhibitors were associated with a reduction in sys​tolic blood pressure compared to placebo (mean difference: -3.77 mmHg) and active comparators (mean difference: -4.45 mmHg). Diastolic blood pressure was also reduced with SGLT2 inhibitors compared to placebo (mean difference: -1.75 mmHg) and other anti-diabetic agents (mean difference: -2.01 mmHg). Risk of bias was high for both systolic and diastolic blood pressure analyses[84,85].

To be taken into account is the fact that SGLT2 inhibitors, like metformin, are associated with weight loss and also act as osmotic diuretics, resulting in a lowering of BP. While not approved for BP lowering, they may potentially aid BP goal achievement in people with a target reduction within 7-10 mmHg[86,87]. However, more studies are needed in order to determine a positive antihypertensive action of these compounds.

Regarding potential cardiovascular effects of SLGT2, different meta-analysis were performed: for dapagliflozin, the meta-analysis was based on 14 trials including 6300 patients. An OR of 0.73 (95%CI: 0.46-1.16) compared with the control group was reported, supporting the idea of an absence of cardiovascular risk. In a pooled analysis of two dapagliflozin trials[87] involving patients with established cardiovascular disease, the hazard ratio (HR) for the composite cardiovascular endpoint (cardiovascular death, myocardial infarction, stroke, and hospitalization for unstable angina) was 1.07 (95%CI: 0.64-1.72) compared to placebo. In another study that included data from 10 trials (10474 patients, OR = 0.95), of canagliflozin compared with placebo, no association of an increased risk for the composite cardiovascular outcome compared to placebo or an active comparator was found. Similarly, in the United States Food and Drug Administration report[87], the HR for non-fatal stroke was higher in patients receiving canagliflozin (6876 patient-years) than in the control groups (3470 patient-years; HR = 1.46; 95%CI: 0.83-2.58). On the other hand, an imbalance in the incidence of cardiovascular events was observed during the first 30 d[88] for canagliflozin (13 of 2886 patients) or placebo (1 of 1441 patients), which resulted in an HR = 6.50 (95%CI: 0.85-49.66). It was explained that this high risk of events resulted from volume depletion after the initiation of canagliflozin treatment, which failed to be observed after 30 d of treatment. In another recent study, systolic and diastolic blood pressure analyses were performed in response to empagliflozin during the euglycemic clamp in hypertensive patients. A reduction in systolic blood pressure was reported, as well as a decreased augmentation index at the radial, carotid and aortic arteries. Similar effects on arterial stiffness were observed, without changes in blood pressure. Carotid-radial pulse wave velocity decreased significantly under both glycemic conditions (P ≤ 0.0001), whereas declines in carotid-femoral pulse wave velocity were only significant during clamped hyperglycemia. Finally, HRV, plasma noradrenalin and adrenaline remained unchanged under both euglycemic and hyperglycemic clamp conditions[89].

CONCLUSION

These new anti-diabetic compounds have shown additive CV protective effects in T2DM. Additional benefits include lowering of blood pressure, impro​vement of lipid profile and endothelial dysfunction, decrease in the macrophage-mediated inflammatory response, and reduction of myocardial injury. All these effects were mainly evaluated in animal models, since human clinical studies that include a high number of participants are still missing.

On the other hand, there are ongoing studies that aim to evaluate the CV effect and the safety of DPP-IV inhibitors. From the last studies that were published in which DPP-IV inhibitors were used, SAVOR TIMI, TECOS and EXAMINE, it seems that a neutral cardiovascular effect rather than a benefit is expected for these compounds. There are other studies with DPP-IV, which are still being developed, such as CAROLINA and CARMELINA, so additional effects could still be assessed.

As it was previously mentioned, further investi​ga​tions in large cohorts of diabetic patients are needed in order to assess the exact mechanisms of CV protective effects held by renal glucose transport inhibitors. The reason supporting this need is based on the fact that these compounds have shown interesting natriuretic effect resulting in blood pressure decrease and loss of weight. Further trials may endorse these clinical features.
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Figure Legends
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Figure 1  Pressure and diameter plot. The instantaneous pressure-diameter loops are shown, which were obtained from: H pre-treatment: Hypertensive patients without diabetes mellitus (DM) before administration of ramipril; H post-treatment: Hypertensive patients without DM after administration of ramipril; H-DM2 pre-treatment: Hypertensive patients with type 2 DM before ramipril administration; H-DM2 post-treatment: Hypertensive patients with type 2 Diabetes after ramipril administration; NT: Normotensive subjects. Adapt from Christen et al[23].
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Figure 2  Glucagon-like peptide-1 and blood pressure. Summary of changes in systolic blood pressure (SBP) after the 6-mo study end point in subjects with type 2 diabetes treated with exenatide vs placebo. Data are presented as differences between baseline-to-end point in the least squares (mean ± SE). Adapt from Okerson et al[29]. GLP-1: Glucagon-like peptide-1.
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Figure 3  Mantel-Haenzel odds ratio for major cardiovascular events, acute myocardial infarction, stroke, mortality and cardiovascular mortality with 95%CI. Adapt from Monarini et al[90]. DPP-IVi: Dipeptidyl peptidase-IV inhibitors; MH-OR: Mantel-Haenzel odds ratio; CV: Cardiovascular; MACE: Major adverse CV events; AMI: Acute myocardial infarction.
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Figure 4  Cardiovascular tolerability profile of linagliptin in adults with type 2 diabetes mellitus. Results of a pre-specified meta-analysis of eight randomized, double-blind trials in which patients treated with linagliptin 5 or 10 mg/d (n = 3159 and 160), glimepiride 1-4 mg/d (n = 781), voglibose 0.6 mg/d (n = 162) or placebo (n = 977) as monotherapy or in combination with other oral anti-hyperglycemia drugs for 18-52 wk[84]. It shows the incidence of primary and secondary composite endpoints in the linagliptin and total comparators group (primary analysis), together with corresponding hazard ratios and 95%CI. Adapted from Deeks[74]. CV: Cardiovascular; FDA: Food and Drug Administration; MACE: Major adverse CV events; MI: Myocardial infarction; pts: Patients; UAP: Unstable angina pectoris.
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Figure 5  Flowchart of the clinical investigational trials which are completed or ongoing.
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