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    Frontiers in Clinical Drug Research – Diabetes and Obesity Volume comprises seven comprehensive chapters discussing novel approaches to combat diabetes and obesity.




    In Chapter 1, Kaji discusses the clinical trials conducted for evaluating the current, emerging and future medications for treating Type 2 diabetes and obesity. They also highlight the new drug candidates that are under consideration.




    Overweight and obesity are the risk factors for type 2 diabetes and they also influence the overall prognosis. In Chapter 2, Abel and Lengyel emphasize that in order to prevent the development of complications, the antidiabetic therapies are designed to reduce and maintain the glucose concentrations.




    Kidney plays a vital role in maintaining the level of glucose production and absorption. The major portion of glucose that enters into the kidney is reabsorbed in the tubular system, which helps in maintaining the glucose plasma level. Due to certain malfunctioning, glucose may not get properly reabsorbed in the tubular system that can lead to the condition of glycosuria. Sodium-coupled glucose transporters 2 (SGLTs-2) play an important role in glucose reabsorption. In Chapter 3 Papazafiropoulou and Kardara highlight the role of Sodium-Glucose Co-Transport Inhibitors as a new therapeutic approach for type 2 diabetes mellitus.




    Kanazawa draws attention towards the impact of Osteocalcin on glucose metabolism in Chapter 4. Osteocalcin prevents the risk of diabetes mellitus by increasing the expression of insulin in pancreatic β-cells as well as adiponectin in adipocytes. Kanazawa presents an overview of the clinical studies, suggesting that glucose homeostasis and bone metabolism is linked together through the action of osteocalcin.




    In Chapter 5, Channabasappa and Prasanna Kumar review the various new targets for diabetes and they propose that long acting GLP-1 (Glucagon-like Peptide-1) analogues, DPP-4 (Dipeptidyl peptidase-4) inhibitors and newer gliptins may be important in the discovery of anti-diabetic therapies. Similarly, in Chapter 6, Li et al. focus on incretin impairment that commonly exists in both obesity and diabetes, so it is necessary to work on incretin based therapies for the prevention and cure of diabetes and obesity.




    In Chapter 7, Vallianou and colleagues discuss the importance of GLP-1 receptor agonists, and the 5- HT2C selective serotonin receptor agonists oxyntomodulin, oxytocin, orexin and PPARγ (peroxisome proliferator agonist receptor γ) that seem to be effective in the eradication of obesity.




    I am very grateful to all the authors for their outstanding contributions. I would also like to appreciate the efforts of the dedicated team of Bentham Science Publishers, especially Dr. Faryal Sami (Assistant Manager Publications), Mr. Shehzad Naqvi (Senior Manager Publications) and Mr. Mahmood Alam (Director Publications).


  




  




  




  

    

      The Current, Emerging and Future Medications for Type 2 Diabetes and Obesity


    


  




  

    

      INTRODUCTION




      Type 2 diabetes mellitus (T2DM) and obesity are lifestyle-related diseases especially common in the developed countries. These are serious risks for cardiovascular disease and shortening of life span. Diet and exercise are most important for their primary prevention and treatment. However, they are not easy to continue and sometimes require medications as an additional treatment. Various drugs are available now but are not yet perfect because of unsatisfactory efficacy or utility, adverse events, and cost issues. Better prognosis can be achieved by good control of blood glucose levels as well as body composition and by prevention of micro-vascular and macro-vascular complications. At first, this section deals with the efficacy and safety of current drugs recently evidenced by clinical studies and secondly those emerging new drugs which are still under ongoing clinical trials. The third section reviews the future drugs under pharmacological research for clinical applications to T2DM and obesity.


    




    

      



      1.. THE CURRENT MEDICATIONS FOR T2DM AND OBESITY (Fig. 1)




      
[image: ]





      

        Figure 1)




        Major target organs and actions of existing drugs in T2DM and obesity. SU: sulfonyl urea, TZD: thiazolidinedione, DPP-4: dipeptidyl peptidase 4, GLP-1: glucagon like peptide-1 α-GI: α-glucosidase inhibitor, FFA: free fatty acid


      




      

        Mono-Therapy by the Current Drug




        

          1) α-Glucosidase Inhibitors (α-GI)




          α-GI (acarbose, voglibose, and miglitol) are pseudo-carbohydrates that competitively inhibit α-glucosidase expressed in the intestinal cells that hydrolyze non-absorbable oligosaccharides and polysaccharides into absorbable mono-saccharides. This slows absorption of carbohydrates and stops the postprandial rise in plasma glucose. α-GI can be used as a first choice in newly diagnosed T2DM when diet and exercise treatment or mono-therapy with oral drugs for T2DM and insulin are insufficient to control diabetes. α-GIs are contraindicated in subjects with diabetic ketoacidosis or Crohn’s disease, ulcerative colitis, sub-ileus or in patients being to ileus. Since α-GIs do not degrade carbohydrates into glucose, some undigested carbohydrates are likely to be delivered to the colon. The complex carbohydrates are digested by bacteria in the colon with resultant adverse events such as flatulence (78% of patients) and diarrhea (14% of patients). Since these events occur dose-dependently, it is recommended to prescribe with a low dose and gradually increase the desired dose. A few cases of hepatitis have been reported with acarbose use, which regressed when the drug was stopped [1]; therefore, hepatic function should be monitored before and during this drug use.


        




        

          2) Glinide




          Glinide drugs (nateglinide, mitiglinide, repaglinide) are orally available, non-sulfonylurea (SU), insulin secretagogues. These drugs stimulate insulin secretion by blocking ATP-sensitive potassium (KATP) channels (Kir6.2/SU receptor 1 [SUR1]) in pancreatic β cells through binding to SUR1 with the binding site not identical to that of SUs. These agents are relatively short-acting, suitable for the treatment of postprandial hyperglycemia. The D-phenylalanine derivative, nateglinide, is a drug prescribed just before meals to enhance early insulin secretion and then reduce prandial plasma glucose concentrations. Because its effects are glucose-dependent [2] and are rapidly reversed [3], nateglinide can regulate hyperglycemia after meals with minimal postprandial hyperinsulinemia [4] and a low frequency of hypoglycemia [5, 6]. Repaglinide is a non-SUs benzoic acid derivative [7 - 9]. Repaglinide has a functional high-affinity binding site, which differs from that of SUs and nateglinide [10]. In in vitro study from isolated rat islets [2], the action of repaglinide failed to demonstrate glucose concentration-dependent sensitization unlike a glucose-dependent insulinotropic effect by nateglinide. Mitiglinide selectively acts on the Kir6.2 of pancreatic ß-cells and has higher affinity to the channel than other glinide drugs, repaglinide and nateglinide [11]. Mitiglinide also ameliorates hyperglycemia after meals in subjects with T2DM through both an insulin-mediated indirect and direct effect on hepatic glucose metabolism [12].


        




        

          3) Sulfonylurea (SU)




          SUs (glyburide/glibenclimide, glimepiride, glipizide, gliclazide) are insulin secretagogues used in T2DM for long time, which are inexpensive and effective. SUs stimulate insulin release by binding to the complex of SUR1 and KATP, causing membrane depolarlization, subsequent calcium channel opening to raise cytosolic calcium, and then stimulating insulin exocytosis. Since stimulation of insulin release by SUs is independent of ambient glucose levels, hypoglycemia frequently occurs in particular by glyburide [13]. Weight gain of 1-3 kg is also common. Other side effects are not common.


        




        

          4) Incretin-based Therapies




          Incretins, intestinal hormones released in response to the ingestion of food, potentiate the insulin response to glucose. Human incretin is composed of mainly 2 peptide hormones, gastric inhibitory polypeptide (GIP) and glucagon like peptide-1 (GLP-1). GIP is released from K cells on the proximal intestine and GLP-1 is mainly secreted from the L cells on the distal intestine. Plasma concentrations of GIP and GLP-1 are very low in the fasting state, and rapidly increase after food intake.




          Both incretins enhance insulin release and stimulate pancreatic ß-cell growth. GLP-1 also binds to α-cells to inhibit glucagon secretion along with other receptors in a variety of tissues to slow down gastric emptying, and promote satiety to decrease food intake [14 - 18]. The following two types are now available incretin-based therapies.




          

            Dipeptidyl Peptidase 4 (DPP-4) Inhibitors




            Half-lives of endogenous GLP-1 and GIP are very short, 2 minutes and 5-7 minutes, respectively, because they are quickly degraded by the ubiquitous enzyme, DPP-4 [14]. DPP-4 is widely expressed in a variety of tissues, including the brain, kidney, lung, adrenal gland, liver, intestine, spleen, testis, pancreas, as well as on the surfaces of lymphocytes and macrophages [14, 15]. Since DPP-4 degrades, biologically active GLP-1 is only 10-20% of total plasma GLP-1 [18]. By the enzymatic inhibition of DPP-4, plasma concentrations of active GIP and GLP-1 can be increased 2- to 3-fold [19 - 21]. The DPP-4 inhibitors (sitagliptin, saxagliptin, vildagliptin, alogliptin, linagliptin, tenegliptin, and anagliptin) currently available are oral agents of small molecules that provide nearly complete and long-lasting inhibition of DPP-4. Most DPP-4 inhibitors are excreted by kidney, while linagliptin is excreted by bile duct. In clinical trials, DPP-4 inhibitors reduce HbA1c by 0. 7- 0. 9% when used as mono-therapy or when added to metformin or thiazolidinediones without compromising tolerability [22]. Randomized, double-blind, placebo-controlled trial in forty one subjects demonstrated that insulin secretion was enhanced in patients with T2DM treated by vildagliptin. Vildagliptin caused small increases in fasting plasma GLP-1 in patients treated with metformin but not in those with diet therapy alone. The β cell effects of vildagliptin were observed in almost all treated subjects regardless of GLP-1 concentration, suggesting that vildagliptin can decrease fasting, as well as postprandial, glucose levels in T2DM subjects. Moreover, they suggest that there are additional mechanisms underlying action of DPP-4 inhibitors beyond potentiating incretin effects after meals [23]. However, these drugs include a warning about risk of pancreatitis and this should be factored into decision making.


          




          

            GLP-1 Receptor Agonist




            GLP-1 receptor agonists (exenatide/ lixisenatide, liraglutide) are synthetic peptide that mimic GLP-1.




            Exenatide, a GLP-1 receptor agonist, ameliorates glycemic control in T2DM subjects by various mechanisms of action: increased glucose-dependent insulin secretion, reduced glucagon secretion after meals, slowed gastric emptying, and enhanced satiety [24, 25]. Exenatide is an exendin-based GLP-1 receptor agonist and is 53% identical to an amino acid sequence of human GLP-1. Exenatide has 2- 3 hours of plasma half-life after subcutaneous injection. A long-acting exenatide (exenatide QW) recently developed is effective when injected once per week. Weekly administration of 2 mg exenatide QW results in therapeutic range within 2 weeks and steady-state 6-7 weeks after start of treatment [26, 27].




            Lixisenatide (AVE0010) is a new selective once-daily GLP-1 receptor agonist in development for the treatment of T2DM [28]. It is a 44-amino acid peptide with the amidation of C-terminal end and shares structure with exendin-4 (the main difference is the addition of 6 lysine residues at the C terminal end) [29]. Lixisenatide is highly selective for the GLP-1 receptor having about fourfold higher affinity for the GLP-1 receptor than native human GLP-1 [29]. Liraglutide is GLP-1 receptor agonist whose molecule is arginine at position 34 of GLP-1 instead of lysine and C-16 palmitic acid side chain attached via a glutamyl spacer to lysine at position 26 of GLP-1. Liraglutide has plasma half-life of 12 hours after subcutaneous injection. The GLP-1 receptor agonists reduce plasma HbA1c by 1-1.5%, with liraglutide 20-30% more potent than exenatide [30]. Both drugs cause weight loss of ~2.5-4 kg over 6 months [31, 32]. The adverse events of GLP-1 receptor agonists are mainly nausea and vomiting. Association of pancreatitis with GLP-1 receptor agonists has been reported as DPP-4 inhibitors, although the mechanism to explain this association remains unknown and animal studies are conflicting on this question [32 - 34].


          


        




        

          5) Thiazolidinediones (TZDs)




          TZDs are agonists of peroxisome proliferator-activated receptor-γ (PPAR- γ) and play the pivotal role in amelioration of insulin resistance and the circulatory system. PPARs are a subfamily of nuclear receptors that are similar to the thyroid hormone as well as retinoid receptors [35]. PPARs are transcription factors that are activated by ligand and regulate target gene transcription. PPARs regulate the transcription of many genes important for the pathway of glucose and lipid metabolism and play a pivotal role in adipocyte differentiation [36, 37]. Three PPARs have been identified —PPARα, PPAR-β (or δ) and PPAR-γ. PPAR-γ is the most abundant in adipose tissue, but also in pancreatic β-cells, vascular endothelium, macrophages, and skeletal muscle [38 - 40]. It is still unclarified whether TZDs-induced improvement of insulin resistance is due to the direct effects on skeletal muscle and liver, indirect effects mediated by adipocytokines, like adiponectin, or some combination of these. TZDs have been available for the control of hyperglycemia in T2DM subjects since 1997. Troglitazone was the first clinically available TZDs, but was prohibited to use because of liver toxicity causing fulminant hepatitis. Currently, only pioglitazone and rosiglitazone are available for patients with T2DM. TZDs cause average reduction in HbA1c of 0.5-1.5% and are effective as mono-therapy and as additive therapy to metformin, SUs, or insulin. Pioglitazone reduces plasma triglyceride (TG) by 10-15%, and raises high-density lipoprotein (HDL) cholesterol levels, probably attributable to a dual effect on PPARα and PPARγ. TZDs have been used in the treatment of non-alcoholic steatohepatitis (NASH). The meta-analysis showed that TZDs were significantly more efficient than placebo in ameliorating ballooning degeneration, lobular inflammation and steatosis with combined odds ratios (ORs) of 2.11 (95% confidence intervals [CI], 1.33-3.36), 2.58 (95% CI, 1.68-3.97) and 3.39 (95% CI, 2.19-5.25), respectively. When pioglitazone was analyzed alone, the amelioration in fibrosis with pioglitazone vs. placebo (combined OR 1.68 [95% CI, 1.02-2.77]) was statistically significant [41]. The most common adverse events of the TZDs are weight gain of 2-4 kg over the first year of treatment and edema up to 10% of patients. The adverse event of concern is congestive heart failure due to plasma volume expansion [42]. It has been recently reported that rosiglitazone increases the risk of cardiovascular events such as myocardial infarction and stroke. Therefore, TZDs are not recommended to use in T2DM subjects with moderate to severe heart failure [43]. The other adverse events are the increased risk of bone fracture [44, 45]. TZDs, especially pioglitazone, are associated with an increased risk of bladder cancer among T2DM adults based upon the hypothesis by the limited evidence [46].


        




        

          6) Biguanide




          How does biguanide (metformin) improve hyperglycemia remains to be clarified. In diabetic subjects, metformin decreases hepatic glucose output as a major effect, primarily by the inhibition of gluconeogenesis, but by the stimulation of glucose uptake by skeletal muscles as a lesser effect [47]. It has been reported that metformin activates liver and skeletal muscle adenosine monophosphate-activated protein kinase (AMPK), an enzyme normally activated by adenosine monophosphate, a cellular signal for increased energy needs [48]. Metformin lowered HbA1c levels by about 1.0-1.5% [49 - 51]. Metformin mono-therapy is as effective as SU mono-therapy [51, 52]. Metformin appears to have beneficial effects beyond glycemic control such as weight loss, or at least no weight gain. Improvements have also been noted in lipid profile such as reductions in plasma levels of FFA [53], TG and very low-density lipoproteins [54] in T2DM subjects with dyslipidemia. Increased levels of plasminogen activator inhibitor-1 [55] and C-reactive protein [56], both of which are cardiovascular risk markers, were also decreased by metformin. Metformin is approved for use in diabetes either as mono-therapy or in combination with other oral hypoglycemic agents and insulin. It is recommended as first choice therapy for obese subjects with T2DM [57]. Metformin is relatively not expensive. Gastrointestinal adverse events including abdominal discomfort, anorexia, bloating and diarrhea are dose-dependently observed in 10-15% of subjects. The reason for these events remains unknown, but, like αGI, metformin has been associated with decreased intestinal glucose absorption [58]. These adverse events usually improve during use and are minimal if started at a low dose and slowly titrated upward. Discontinuation of treatment caused by adverse events occurs in less than 4% of subjects [59]. Since insulin release is unchanged, hypoglycemia is not an adverse event of metformin when used as mono-therapy. Similarly, unlike some of the other drugs, weight gain is not an adverse events, and weight loss occurs in some patients [59]. Although lactic acidosis was frequent adverse events with the currently unavailable biguanide phenformin, it was rare adverse events with still available biguanide metformin as long as hepatic and renal function was not impaired. In a recent Cochrane database systematic review, an incidence of lactic acidosis was 8.4 cases per 100,000 patient-years in the metformin treated T2DM subjects and 9 cases per 100,000 patient-years in the other glucose-lowering drug treated group [60]. Metformin is contraindicated in patients with moderate to severe renal, hepatic or cardiac dysfunction which are risk factors for lactic acidosis or drug accumulation.


        




        

          7) Insulin




          Exogenous insulin is one of the most established blood glucose-lowering therapies, and its use in patients with T2DM has grown markedly over recent years [61], consequent upon findings from UKPDS and the availability of analog insulin that have increased comfort with insulin initiation and titration. Early insulin therapy has recently been recommended in guidelines from the American Diabetes Association and European Association for the Study of Diabetes [62], but the risk-benefit profile of exogenous insulin in the management of patients with T2DM has also undergone scrutiny [63 - 66]. Recent retrospective cohort study using data from the UK General Practice Research Database, 2000-2010, has shown that insulin treatment was associated with an increased risk of diabetes-related complications, cancer, and all-cause mortality in patients with T2DM [67].




          

            Short Acting Insulin Analogs




            These analogs all have an acute effect (within 30-60 minutes) with a peak action within 2 hours, allowing for control of postprandial glucose elevations when injected within 5 minutes before meals [68]. Insulin lispro is a peptide in that the amino acids proline at positions 28 is inverted by lysine at positions 29 [69 - 71]. As it is unstable, zinc is added to the lispro formulation in order to promote self-association into hexamers, which increases stability but is more rapidly absorbed compared with regular human insulin. Insulin aspart is a peptide in that the amino acid residue at position 28 on the B-chain of the human insulin molecule is substituted with aspartic acid, thereby causing charge repulsion to inhibit the formation of hexamers [72].




            Insulin glulisine is a peptide in that asparagine is replaced by lysine at position 3 and that lysine is replaced by glutamic acid at position 29 on the B-chain of the human insulin [73]. These substitutions render mono- and dimeric glulisine molecules stable in the drug formulation solution, thereby causing more quick absorption than other insulin analogs [72, 74]. This difference in the structure explains the more rapid absorption and action of glulisine when compared with lispro observed in lean-to-obese subjects [73, 75].


          




          

            Long Acting Insulin Analogs




            Insulin glargine is a long acting insulin analog in that a C -terminal of the B-chain is elongated by two arginines and asparagine of the A-chain is replaced by glycine in position 21. From these modifications the isoelectric point is shifted from a pH of 5.4 to 6.7. This shift makes glargine less soluble at physiological pH compared with the regular insulin. Consequently, glargine has a longer duration of action lasting approximately 24 hours, without apparent peak in activity [76]. In add-on lantus® to oral hypoglycemic agents (ALOHA) sub-analysis, a simplified and pragmatic dose calculation formula for T2DM patients starting glargine basal supported oral therapy (BOT) optimal daily dose at 24 weeks= starting dose (0. 15 x weight) + incremental dose (baseline HbA1c - target HbA1c + 2) [77]. Insulin detemir is a neutral, soluble, long-acting insulin analog in which threonine is deleted from position at 30 on the B-chain of the human insulin and the ε-amino group of lysine B29 is acetylated with a 14-carbon myristoyl fatty acid [78, 79]. By this fatty acid modification, detemir can reversibly bind to the albumin, thereby causing the prolongation of this analog action [80]. Detemir can remain in a liquid after subcutaneous injection because of its solubility at neutral pH. This property contrasts with NPH insulin, which is a preformed crystalline precipitate suspension, and glargine, which is an acidic solution that precipitates in the subcutaneous tissue after injection. The low variability of detemir in pharmacokinetic and pharmacodynamic properties may be attributable to its solubility [78, 79]. Insulin degludec is a new-generation basal insulin, designed to form soluble multi-hexamers on subcutaneous injection, resulting in an ultra-long action profile [81] and reduced within-individual variability [82]. Degludec differs from insulin in that the amino acid threonine at position 30 on the B-chain of the human insulin was deleted and lysine at B29 was acylated by hexadecandioyl using glutamic acid as spacer connecting them. This structure easily makes insulin dihexamer, causing delayed absorbtion. Degludec was non-inferior to glargine in the HbA1c level. The meta-analysis showed that fasting plasma glucose and overall and hypoglycemia at night were significantly lower in number with degludec compared with glargine. The overall physical health component score at endpoint was significantly better with degludec compared with glargine [+0.66 (95% CI, 0.04-1.28)], mainly because of a difference of the pain score [+1.10 (95% CI, 0.22-1.98)]. In the mental domains, vitality was significantly higher with degludec vs. glargine [+0.81 (95% CI, 0.01-1.59)] [83].


          


        




        

          8) Anti-Obesity Drugs




          Obesity is defined as the excessive accumulation of body fat. When increased risk of serious illness is associated, obesity is a disease that should be treated to lower body weight. In clinical practice, body mass index (BMI) and waist circumference are good demographic indicators of obesity and visceral obesity, respectively. Treatment options are dependent on these indicators, and adverse health consequences at present or in the future. T2DM and obesity are mutually dependent as treatment of each disease affects the other. In addition to diet and exercise, drug can be used in adults with a BMI of at least 30 kg/m2 or of at least 27 kg/m2 if they have an obesity-related illness [84].


        


      




      

        Intestinal Lipase Inhibitor (Orlistat)




        Orlistat is a lipase inhibitor in stomach and pancreas, leading to a decrease in lipolysis and absorption of dietary fat [85]. Orlistat is the only drug proved to be effective. Orlistat has been effective to lower body weight and long term management of obesity in two large multi-center randomized double-blind trials for 2 years, with 1187 [86] and 743 obese patients [87]. Patients given orlistat had siginificant weight loss compared to those given placebo (10.3 kg vs. 6.1 kg) in year 1. Patients continuously given orlistat in year 2 regained body weight half of those switched to placebo and those continuously given placebo regained weight of 2.5 kg whereas those switched to orlistat lost weight of 0.9 kg [86]. Similar results were shown in the other report [87]. When patients were given orlistat, plasma insulin levels at the end were lower compared to the levels at the start of the study, whereas these levels were not significantly different when given placebo (64.5 vs. 84.0 pmol/L and 86.4 vs. 86.3 pmol/L, respectively, p = 0.04 between treatment groups). In the same study, increase in fasting serum glucose levels were lower in the orlistat group than the placebo group (+0.06 mmol/L vs. +0.26 mmol/L, respectively, p = 0.001 between treatment groups). Moreover, orlistat also caused a greater improvement in serum insulin and glucose levels after 1 and 2 years compared to the placebo group at the end of the multicenter European study [86]. Orlistat use is reportedly associated with minor gastrointestinal adverse events but also with a risk increase in severe hepatic events. On the other hand, a meta-analysis of clinical trial data including 10000 patients showed no evidence that orlistat was associated with impaired liver function [88] and a likely mechanism of action has not been identified. By using the self-controlled case series design, Douglas et al. were able to establish that the increased risk of liver injury did not change between just before and after starting treatment, strongly suggesting that the association is not a causal relation [89].




        

          

            Central Regulators of Appetite




            Obesity drugs to regulate appetite are initially approved by the FDA but were removed (fenfluramine, dexfenfluramine, phenylpropylamine) or voluntarily withdrawn (sibutramine) because of serious adverse events.


          


        


      




      

        Combination Therapies by the Current Drugs




        

          1) Glycemic Control and Adverse Events




          

            DPP-4 Inhibitor (Sitagliptin) vs. TZD (Pioglitazone) add-on to Metformin




            The recent randomized, parallel group study of 16 weeks was designed to compare sitagliptin vs. pioglitazone as add-on therapy in patients of T2DM inadequately controlled on metformin alone. Sitagliptin was well tolerated without any incidence of hypoglycemia. Sitgaliptin 100 mg as an add-on to metformin is as effective and well tolerable as pioglitazone 30 mg. There was a significant reduction in the mean body weight and BMI in patients with sitagliptin 100 mg with metformin more than 1,500 mg in contrast to the significant increase in the same in pioglitazone 30 mg with metformin more than1,500 mg. Sitagliptin as an add-on to metformin is as effective and well tolerated as pioglitazone, but does not cause edema or weight gain. In view of its efficacy and good tolerability profile, sitagliptin may be a useful addition to the existing therapeutic armamentarium for treatment of patient with T2DM. The larger and longer studies are needed for validating the results regarding the non-inferiority of DPP-4 inhibitors versus TZDs as add-on therapy to metformin [90].


          




          

            DPP-4 Inhibitor (Sitgaliptin) vs. GLP-1 Receptor Agonist (Liraglutide) add-on to Metformin




            In the parallel-group, open-label trial, participants (aged 18 -80 years) with T2DM who had inadequate glycemic control on metformin were enrolled. Greater lowering of mean HbA1c was achieved with 1. 8 mg liraglutide (-1. 5%, 95% CI -1.63 to -1.37, n=218) and 1. 2 mg liraglutide (-1.24%, -1.37 to -1.11, n=221) than with sitagliptin (-0. 9%, -1.03 to -0.77, n=219). Frequency of nausea was more in patients given liraglutide (27% on 1.8 mg, 21% on 1. 2 mg) than those given sitagliptin (5%). There was minor hypoglycemia in about 5% of subjects in each group. Therefore, liraglutide was superior to sitagliptine regarding the HbA1c decline with low hypoglycemic risk [91].


          




          

            DPP-4 Inhibitor (Vildagliptin) vs. Placebo with and without SU (Glibenclamide)




            In a double-blind, four way crossover study, vildagliptin (100 mg) or placebo, with and without glibenclamide (5 mg), was given in random order in 16 healthy men 30 minutes before 75 g oral glucose tolerance test. Hypoglycemia caused by glibenclamide is not enhanced by the vildagliptin co-administration. This may be attributable to a negative feedback mechanism of GLP-1 and GIP secretion limiting the degree of enhanced incretin levels [92].


          




          

            GLP-1 Receptor Agonist (Liraglutide vs. Exenatide) add-on to Oral Hypoglycemic Therapy (LEAD-6)




            In a 26-week open-label, parallel-group, multinational study, inadequately controlled T2DM adults were classified by previous oral anti-diabetic therapy and randomly assigned to receive additional liraglutide 1. 8 mg once a day (n=233) or exenatide 10 μg twice a day (n=231). The primary outcome was HbA1c change. Intention to treat was used for efficacy analyses. Liraglutide provided significantly greater improvements in glycemic control than did exenatide (estimated treatment difference of mean HbA1c; -0.33, 95% CI -0.47 to -0.18, P < 0.0001, patients achieved a HbA1c value of less than 7%; OR 2.02, 95% CI 1.31 to 3.11, P = 0.0015, estimated treatment difference of mean fasting plasma glucose; -1.01 mmol/L, 95% CI -1.37 to -0.65, P < 0.0001). Both drugs were well tolerated, but nausea was less persistent (estimated treatment rate ratio; 0.448, P < 0.0001) and minor hypoglycemia less frequent with liraglutide than with exenatide (rate ratio 0.55, 95% CI 0.34 to 0.88, P = 0.0131). Therefore, liraglutide was generally better tolerated [93].


          


        


      




      

        Long Acting Insulin (Glargine) vs. DPP-4 Inhibitor (Sitagliptin) add-on to Metformin (EASIE Study)




        Insulin glargine vs. sitagliptin in patients whose disease was uncontrolled with metformin. 515 patients were randomly assigned to glargine (n=250) or sitagliptin (n=265). Reduction of HbA1c was greater for patients on glargine (-1.72% standard error [SE] 0.06) than for those on sitagliptin (-1.13%, SE 0.06). The estimated rate of symptomatic hypoglycemic episodes was greater with glargine than with sitagliptin (4.21, SE 0.54 vs. 0.50, SE 0.09). Severe hypoglycemia occurred in 3 patients on glargine and one on sitagliptin [94].


      




      

        Long Acting Insulin (Glargine) vs. Placebo on GLP-1 Receptor Agonist (Liraglutide) add-on to Metformin and SU




        The randomized, parallel-group, controlled 26 week trial of 581 patients with T2DM on prior monotherapy and combination therapy was conducted in 107 centers in 17 countries. The primary endpoint was HbA1c. Liraglutide added to metformin and glimepirid provided significantly greater improvement in glycemic control (reduced HbA1c) compared with glargine (1.33% vs. 1.09%; -0.24% difference, 95% CI 0.08 to 0.39; p = 0.0015) or placebo (-1.09% difference, 95% CI 0.90 to 1.28; p < 0.0001). There was greater weight loss with liraglutide vs. placebo (-1. 39 kg, 95% CI 2.10 to 0.69; p = 0.0001), and vs. glargine (-3. 43 kg, 95% CI 4.00 to 2.86; p < 0.0001) [95].




        

          2) Effect on Morbidity and Mortality




          Whether intensive glycemic control decrease macro-vascular events and all-cause mortality in T2DM subjects was unclear in contrast to the substantial benefits to micro-vascular complications. Individual trials have failed to show consistent beneficial effects on cardiovascular outcomes. The following studies including relevant meta-analyses or trial sequential analysis of adequate study selection were undertaken to determine whether intensive treatment and specified therapies are beneficial.




          

            Meta-Analysis of 5 Trials [96]




            Predefined inclusion criteria in this meta-analysis required clinical trials to: (1) randomly assign individual with T2DM either to an intensive lowering of glucose vs. a standard regimen; (2) measure outcome with a primary endpoint based on cardiovascular events; and (3) be done in stable individuals only, which excluded studies in an acute hospital setting. Five prospective randomized controlled trials of 33,040 participants finally fulfilled the above selection criteria and are included in the meta-analysis. Selected studies are UKPDS (United Kingdom Prospective Diabetes Study) [97], PROactive (PROspective pioglitAzone Clinical Trial In macroVascular Events) [98 - 100], ADVANCE (Action in Diabetes and Vascular Disease-PreterAx and DiamicroN MR Controlled Evaluation) [101], ACCORD (Action to Control Cardiovascular Risk in Diabetes Study) [102] and VADT (Veterans Affairs Diabetes Trial) [103]. Intensive treatment included SUs, metformin, TZD, glinide, αGI, insulin, or their combination. A standard regimen was placebo, standard care, or glycemic control of reduced intensity. In this study, OR and 95% CIs were calculated from raw data of every trials because 3 studies (UKPDS, PROactive, and ADVANCE) showed hazard ratios and 95% CIs but 2 studies (VADT and ACCORD) showed absolute numbers of events. Ray et al. studied the effect of intensive glycemic control vs. standard therapy on the outcomes of interest with a random-effects-model meta-analysis. Statistical heterogeneity across trials was assessed with χ2 (P<0.1) and I2 statistics. At follow-up, intensive therapy group had a mean HbA1c level of 0.9% (95% CI 0.88 to 0.92) lower than usual therapy group. During about 163,000 person-years of follow-up, authors recorded 1,497 events of non-fatal myocardial infarction, 2318 of coronary heart disease, 1,127 of stroke, and 2892 of deaths from any cause. Intensive glucose-lowering therapy significantly decreased non-fatal events of myocardial infarction by 17% (OR 0.83, 95% CI 0.75 to 0.93) and events of coronary heart disease by 15% (OR 0.85, 0.77 to 0.93) without heterogeneity (I2 0.0%). However, intensive therapy did not significantly affect stroke or all-cause mortality. Heterogeneity was not significant for stroke (I2 0.0%), but was high for all-cause mortality (I2 58%, P= 0.049). Therefore, an effect on all-cause mortality could not be further clarified without access to individual participant data. In contrast, strong evidence suggests that therapy for dyslipidemia and high blood pressure benefit all-cause mortality in T2DM subjects (9% and 27% reduction, respectively) [104 - 107].




            Intensive therapy group suffered a more frequent hypoglycemia than standard therapy group (weighted averages 38.1% vs. 28.6%). Overall, severe hypoglycemia was much less common than was hypoglycemia, but subjects given intensive therapy had a severe hypoglycemia almost twice as many compared with those on standard regimens (weighted averages 2.3% vs. 1.2%). At the end of the study, subjects given intensive therapy were 2.5 +/- 1.2kg (mean +/-SD) heavier than those on standard regimens. In the participants of two studies (ACCORD and VADT) with increased mortality in the intensive treatment group, duration since T2DM diagnosis at baseline (>10 years) was longest; HbA1c level at baseline was highest; and a risk of hypoglycemia was greater. In the ACCORD study, risk of cardiovascular death and non-coronary cardiovascular death was significantly higher. In ACCORD, HbA1c was reduced by 1.5% within 6 months and average HbA1c level was less than 6% by 1 year in intensive therapy group through early and aggressive use of insulin. In addition, a greater proportion of intensive therapy group took rosiglitazone at the end of follow-up (92%) compared with those taking standard regimens (58%). In contrast, ADVANCE study showed HbA1c concentration reduction by only 0.5% within 6 months and much slower (about 36 months) achievement of target HbA1c level of 6.5% or less with much lower use of longer acting insulin. Taken together, a practical clinical approach might reduce HbA1c level steadily to less stringent targets with care taken to avoid severe hypoglycemia.
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              Figure 2)




              Forest plot for cardiovascular mortality compared between intensive and conventional glycemic control (Reproduced from Ref. [108]).


            


          




          

            Meta-Analysis and Trial Sequential Analysis (TSA) of 14 Trials [108]




            Systematic review with meta- analysis and TSA [109, 110] of randomized trials were designed to evaluate the effect of targeting intensive glycemic control compared with conventional glycemic control on all-cause as well as cardiovascular mortality, non-fatal myocardial infarction, micro-vascular complications, and severe hypoglycemia in T2DM patients. Potentially relevant 93 articles were identified from 10,047 articles searched by databases, and then 51 references including 14 trials were finally selected by several exclusion criteria. From risk of bias assessments among 14 trials, most adequate trials were UGDP (University Group Diabetes Program), UKPDS, ADVANCE, ACCORD, VADT and IDA (Insulin Diabetes Angioplasty) [111, 112] among which 4 trials were the same as the above report [96]. This study used both a random effects model and a fixed effect model. Heterogeneity was examined with I2 statistic. Strength of this study is the meta-analysis included trials published in languages other than English or tested for the risk of having false positive P values or unrealistically narrow CIs and done as a Cochrane systematic review [113]. Meta-analysis showed no significant effect of intensive glycemic control on all-cause mortality (relative risk [RR]; 1.02, 95% CI 0.91 to 1.13, P=0.74, 28,359 participants, 12 trials) compared with conventional glycemic control. The meta-analysis of the same 12 trials did not show a statistically significant effect of the intensive glycemic control on cardiovascular mortality (RR; 1.11, 0.92-1.35) (Fig. 2), even though intensive glycemic control showed significant effect on cardiovascular mortality in UGDP study (RR; 2.66, 1.13-6.29) and in ACCORD study (RR; 1.43, 1.02-2.02). A total of 1237 non-fatal myocardial infarction were recorded in 28,111 participants. The effect estimate showed a significant benefit of targeting intensive glycemic control in a conventional meta-analysis (RR; 0.85, 0.76 to 0.95, P=0.004). However, TSA did not show sufficient evidence of a benefit (TSA adjusted 95% CI 0.71 to 1.02). In micro-vascular complications, the effect estimate on retinopathy showed a significant benefit in favor of intensive glycemic control (RR 0.80; 0.67 to 0.94, P=0.009), while TSA showed a lack of sufficient evidence (TSA adjusted 95% CI 0.54 to 1.17). No statistically significant effect of intensive glycemic control on nephropathy was found (RR; 0.83; 0.64 to 1.06, P=0.13). Taken together, the meta-analysis with TSA provided insufficient evidence to confirm or exclude that intensive glycemic control favors for reductions not only of micro-vascular complications but also of macro-vascular events and mortality in patients with T2DM. However, meta-analysis of intensive vs. conventional control clearly confirmed a significant effect on severe hypoglycemia (RR; 2.39, 1.71-3.34, P<0.001), although the definition of severe hypoglycemia varied among trials.


          




          

            DPP-4 Inhibitors (Linagliptin) vs. SU (Glimepiride)




            777 patients were randomly assigned to DPP-4 inhibitors, linagliptin and 775 to SU, glimepiride. Fewer participants had hypoglycemia (58 vs. 280, P<0.0001), or severe hypoglycemia (1 vs. 12) with linagliptin compared with glimepiride, although reductions in adjusted mean HbA1c were similar. Linagliptin was associated with fewer cardiovascular events (12 vs. 26; RR 0.46, 95% CI 0.23-0.91, P=0.0213) and fewer non-fatal stroke (3 vs. 11; RR 0.27, 95% CI 0.08-0.97, P=0.03) [114].


          




          

            Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research (NAVIGATOR Study)




            Among 9,306 persons with impaired glucose tolerance (fasting plasma glucose higher than 95 and less than 126 mg/dl) and established cardiovascular disease or cardiovascular risk factors, 4,645 were randomly assigned to receive nateglinide 60 mg (initial dose; 30 mg) three times daily and 4,661 to receive placebo for 5 years. Nateglinide did not decrease the prevalence of diabetes or the co-primary composite cardiovascular events as compared with placebo [115].


          




          

            Basal Supported Oral Therapy (BOT), Basal Plus or Basal Bolus [Outcome Reduction with an Initial Glargine Intervention (ORIGIN trial)]




            The aim of this study is to clarify whether the provision of sufficient basal insulin to normalize fasting plasma glucose levels may decrease cardiovascular outcomes. Subjects (mean age, 63.5 years, n=12,537) with cardiovascular risk factors and impaired fasting glucose as well as glucose tolerance, or T2DM, were randomly assigned to receive insulin glargine to achieve fasting plasma glucose level below 95 mg per deciliter or standard care and to receive n-3 fatty acids or placebo with the use of 2- by -2 factorial design. When used to achieve normal fasting plasma glucose levels for more than 6 years, cardiovascular event rates were similar in the glargine and standard-care groups (2.94 and 2.85 per 100 person-years, respectively). Glargine reduced new-onset DM, but it also caused an increase in hypoglycemia and a modest weight gain by 1.6 kg [116].


          


        


      




      

        Insulin vs. Other Anti-Hyperglycemic Therapies




        A retrospective cohort study was performed using data from the UK General Practice Research Data Base, 2000-2010. Primary care patients with T2DM (n=84,622) were treated with one of five glucose-lowering regimens: metformin, SU mono-therapy, insulin mono-therapy, metformin + SU, and insulin + metformin combination therapy. Main outcome was the risk of the first major cardiac event, first cancer, or mortality. The adjusted hazard ratio for the primary end point and all-cause mortality were higher for insulin mono-therapy vs. all other regimens (1.808, 95% CI 1.630 to 2.005, P<0.0001, 2.197, 1.983 to 2.434, P<0.0001, respectively). The adjusted hazard ratio for one of the secondary end points, neuropathy was higher for insulin mono-therapy vs. all other regimens (2.146, 95% CI 1.832 to 2.514, P<0.0001) [117].


      


    




    

      



      2.. THE EMERGING MEDICATIONS FOR T2DM AND OBESITY (Fig. 3)
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        Figure 3)




        Major target organs and actions of new emerging drugs in T2DM and obesity SGLT2: salt glucose cotransporter 2, GK: glucokinase, 5HT2c: 5-hydroxytryptamine 2c.


      




      Despite the number of medications for T2DM, many subjects with T2DM do not achieve good glycemic control. Some present drugs for T2DM have adverse events such as weight gain or hypoglycemia. T2DM is a progressive disease, and most patients need combination therapy to control hyperglycemia.




      

        

          1) Salt Glucose Cotransporter 2 (SGLT2) Inhibitors




          Glucose is normally filtered in the glomerulus of the kidney and is reabsorbed in the proximal tubules. Glycosuria occurs when blood glucose levels exceed the renal threshold of glucose (approximately 10 mmol/l (160-180 mg /dl). In total, 98% of the urinary glucose is transported across the membrane of the proximal tubule by SGLT2, a high-capacity, low-affinity glucose transporter. A natural mutation in the SLC5A2 gene result in a SGLT2 defect with significant glycosuria. Individuals with this mutation have not complained glycosuria-related problems, such as urinary tract infections [118]. Therefore a therapeutic option in T2DM is to mimic the effect of the SLC5A2 mutation and prevent the reabsorption of renal-filtered glucose, thereby decreasing hyperglycemia, without weight gain or hypoglycemia [119]. Systematic review was performed to assess the clinical effectiveness and safety of the SGLT2 inhibitors in dual or triple therapy in T2DM [120]. Seven trials, published in full, assessed dapagliflozin and one assessed canagliflozin. Trial quality level appeared high.
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