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Abstract 
To achieve good metabolic control in diabetes and keep long term, a combination of changes in lifestyle and pharmacological treatment is necessary. Achieving near-normal glycated hemoglobin significantly, decreases risk of macrovascular and microvascular complications. At present there are different treatments, both oral and injectable, available for the treatment of type 2 diabetes mellitus (T2DM). Treatment algorithms designed to reduce the development or progression of the complications of diabetes emphasizes the need for good glycaemic control. The aim of this review is to perform an update on the benefits and limitations of different drugs, both current and future, for the treatment of T2DM. Initial intervention should focus on lifestyle changes. Moreover, changes in lifestyle have proven to be beneficial, but for many patients is a complication keep long term. Physicians should be familiar with the different types of existing drugs for the treatment of diabetes and select the most effective, safe and better tolerated by patients. Metformin remains the first choice of treatment for most patients. Other alternative or second-line treatment options should be individualized depending on the characteristics of each patient. This article reviews the treatments available for patients with T2DM, with an emphasis on agents introduced within the last decade.
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Core tip: To achieve good metabolic control in diabetes and keep long term, a combination of changes in lifestyle and pharmacological treatment is necessary. Physicians should be familiar with the different types of existing drugs for the treatment of diabetes and select the most effective, safe and better tolerated by patients. This article reviews current and future treatments for patients with type 2 diabetes mellitus, its use in clinical practice and in special situations such as kidney failure and elderly patient, with an emphasis on agents introduced within the last decade.
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a disease that affects more than 400 million people around the world. In 2040, there will be more than 640 million people with diabetes worldwide[1]. The prevalence of T2DM is expected to double within the next 20 years, due to the increase of the age, obesity and the number of ethnic groups of high risk in the population[2], with significant increases in cardiovascular disease[3], end-stage renal disease (ESRD)[4], retinopathy and neuropathy. Additionally, to achieve good metabolic control in diabetes and keep long term, a combination of changes in lifestyle and pharmacological treatment is necessary. Achieving near-normal glycated hemoglobin (HbA1c) significantly decreases risk of macrovascular and microvascular complications[4]. However, only about 50% of diabetic patients reach their HbA1c target[5]. Algorithms for the treatment of diabetes highlight the need for good glycaemic control to reduce the development or progression of diabetes complications. In recent years has increased the number hypoglycaemic agents available for the treatment of T2DM. A recent position statement of the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) on a patient-centered approach in the management of patients with T2DM[6] gives an overview on how different conditions and co-morbidities may influence the choice of different hypoglycaemic agents. The ADA/EASD suggests that initial intervention should focus on lifestyle changes. Moreover, changes in lifestyle have proven to be beneficial[7], but for many patients is a complication keep long term, due to differing experiences or perceptions[8]. In general, drug therapy includes not only initial hypoglycaemic agents, but other intensification strategies to maintain glycaemic control over time, often requiring several drugs with different mechanisms of action[9]. Physicians should be familiar with the different types of existing drugs for the treatment of diabetes and select the most effective, safe and better tolerated by patients.
This article reviews current and future treatments for patients with T2DM, its use in clinical practice and in special situations such as kidney failure and elderly patient, with an emphasis on agents introduced within the last decade. The aim of this review is to perform an update on the benefits and limitations of different drugs, both current and future, for the treatment of T2DM.

LIFESTYLE CHANGES
Dietary intake and physical exercise are the two main determinants of the energy balance[10], and they are considered as a basic base in the treatment of patients with diabetes. Adequate rest is also very important for maintaining energy levels and well-being, and all patients should be advised to sleep approximately 7 h per night[9]. Evidence supports an association of 6 to 9 h of sleep per night with a reduction in cardiometabolic risk factors[11], whereas sleep deprivation aggravates insulin resistance, hypertension, hyperglycaemia, and dyslipidaemia[12]. On the other hand, a screening of patients with suspected obstructive sleep apnoea should be performed, and refer them to a sleep specialist for evaluation and treatment[9].
Although the pharmacological options are each time more extensive and they offer more therapeutics possibilities, especially in the T2DM, the interventions in the life style are essentials in the approach of these patients and they are needed to get the therapeutics goals[13].

Diet
When nutritional intervention is contemplated, the co-morbidities that can coexist in a diabetic patient also have to be considered. The recommendations on dietary aspects can contribute to achieve the desired blood glucose, blood pressure, lipid profile and weight[10,14], as well as improve sleep apnoea, depression and quality of life related to health; in addition, it has been observed that the incidence of urinary incontinence in women is reduced[15-18].
Numerous randomized controlled trials have demonstrated the metabolic benefits of nutritional recommendations in reducing HbA1c; being variables the results got depending mainly on the length of the disease[19,20].

Energetic contribution: Total caloric intake diet will depend on several factors, being determining the presence of overweight or obesity. Body mass index (BMI) is a tool commonly utilized in clinical practice to classify patients and it is calculated by the following equation: [weight (kg) ÷ height2 (m)] (Table 1).
Most T2DM patients have some degree of overweight or obesity[21]. It has been connected to insulin resistance and defects in insulin secretion. These alterations favour the appearance and worsening of diabetes[22], so in these cases in addition to an adequate distribution of macro and micronutrients, we should look for as a main objective a weight reduction by reducing the caloric intake. To achieve this objective, it has been proposed that the caloric intake of the diet prescribed to a diabetic patient with obesity should contain between 500 and 1000 kcal less of its energy needs[23]. This weight reduction will improve the insulin sensitivity, being a favourable factor to improve the glycaemic control parameters[24]. In the case of patients for whom there is no excess weight, the diet should be isocaloric.
There are different formulas for calculating baseline energy needs of people (Table 2). To these basal needs, a factor depending on the physical activity must be added. The randomized trial LOOK AHEAD, showed that weight loss after an intervention in lifestyles, improve blood pressure, and blood glucose control and lipid profile[25], especially in patients with a recent diagnosis of disease[3]. When this study was prolonged, it was found that intensive nutritional intervention did not provide an improvement in the rate of cardiovascular events or weight loss when it is compared against a standard nutritional intervention[26].

Macronutrient distribution: There is not enough evidence to suggest an ideal percentage in the distribution of carbohydrates, lipids and proteins. There are several studies that have sought to distribute the best ratio macronutrients without finding valid results, and several dietary patterns that have been analysed as the Mediterranean diet, vegetarian or vegan diet, Dietary Approaches to Stop Hypertension (DASH), low-fat diet and low carbohydrates diet observing a modest effectiveness of managing diabetes. The benefits happen only when they are accompanied by a lose weight so more studies are needed[27].

Carbohydrates: Although there is no consensus on the percentage of carbohydrates that people with diabetes should eat, it has been shown that the amount and the type of carbohydrates are the main determinants for glycaemic control. Counting carbohydrates has proven to be very important in all patients. It allows a better adjustment of the postprandial blood glucose for those who take insulin. With this method, patients consumed a known amount of carbohydrates divided among different meals and calculated it in grams of carbohydrates per portion (Table 3). This type of measurement is more important in patients with basal-bolus treatment or with continuous insulin infusion[28].
It is preferable that the intake of carbohydrates comes from products such as fruits, vegetables, legumes, whole grains and dairy vs those involve the added contribution of salt, fat or simple sugars[10].

Index and glycaemic load: There is large confusion in the interpretation about the effect of the diet with low glycaemic index and there is not unanimity in the results of the different studies. Even though these diets are recommended by some associations because there are studies in which have been observed a better glycaemic control when it is compared above all with high glycaemic index food[29], there are articles that have questioned this assertion. They based this divergence on: The different definition of glycaemic index, they do not take into account the fiber contribution, and the different glycaemic response to the same food in different individuals. They consider that cannot be determinate that the observed effect is exclusively due to the food's glycaemic load[30] (Table 3).

Fiber: Dietary fiber intake, especially the fiber that provide the natural resources, has shown that improve the control of cardiovascular risk factors, and improved the glycaemic control, turning into a lower risk of cardiovascular mortality in people with diabetes[27,31]. However, some studies have shown that the effect on diabetes has a modest significance and it is achieved with high amounts of fiber a day but this is far away from a real consumption in daily life (greater than 50 g a day)[32].
Generally, and taking into account the modest beneficial effects on cardiovascular risk factors, in diabetic patients is suggested a consumption of fiber and whole grains at least similar to that recommended for the general population; about 25 g a day for women, and 38 g a day for men or 14 g per 1000 kcal[28].

Sucrose and fructose: Contrary to what one might think sucrose intakes of 10%-35% of total energy do not have a negative effect on glycaemic or lipid responses when sucrose is substituted for isocaloric amounts of starch[33]. Consume free fructose (naturally occurring from foods such as fruit) did not get worsen the glycaemic control more than other forms of sugar, although it should avoid further intake of 12% of daily calories[28]. Restriction is advised of these sugars in the diet to avoid excessive caloric intake that can contribute to weight gain if are taken in large quantities. Moreover, sugary drinks contain large amounts of fast absorbing carbohydrates and have demonstrated a cardiovascular risk and diabetes increase in the healthy population that consumes them. Especially harmful when are sweetened with fructose free. Although there are not many studies in diabetic patients, there is no reason to think they will not have the same consequences. Therefore, the consumption of these drinks is contraindicated[34].

Non caloric sweeteners: Opposite of natural simple sugars there are sweeteners with lower calorific value. Most are artificial. They do not have caloric contribution, except aspartame (containing 4 kcal/g), and do not increase blood glucose. These sweeteners can be used by diabetic patients. If they are employed to replace glucose, bring the benefit of reducing the kilocalories in the diet[35].

Proteins: It is interesting to make a differentiation between diabetic patients with and without kidney disease. In people without kidney disease, protein intake usually recommended is between 15%-20%; however, reviewing scientific studies no firm conclusion could be reached with respect to this issue. In the literature we can find different randomized clinical trials faced on this issue results. On the one hand there are studies that demonstrate that if 28%-40% of the energy of the diet is taken as proteins there is an improvement of the HbA1c, triglycerides, total cholesterol and/or LDL cholesterol[36], while others studies have not shown a benefit in any of these aspects[37]. In patients with kidney disease, whether if we refer to micro or macroalbuminuria, reducing protein intake below the usual has been undergone various tests and meta-analysis and the evidence has not shown that improve glycaemic control, cardiovascular risk factors or renal disease progression following low-protein diets[27]. With regard to the origin of proteins, there is no difference between animal and vegetable origin in relation to proteinuria[28].
Finally, the proteins in patients with T2DM, although they do not have effect on blood glucose control itself, seems to increase the insulin response so it is not advisable to use proteins in situations of hypoglycaemia.

Fat: Epidemiological studies have related fats with the risk of developing obesity and cardiovascular risk[38]. As in the rest of immediate principles there is no optimal fat proportion and, as a general rule, the recommendations for the general population (between 20%-35%) are applied for diabetic patient, paying special attention if the patient is overweight, then the percentage should be at the lower limits. Despite these recommendations, diabetic patients often take more fat than the recommended[39].
We can distinguish between saturated and unsaturated fats (monounsaturated and polyunsaturated). In addition, has to be specified that trans fatty acids may be a type of unsaturated fat but with harmful effects on the body for its different structure. Distinguish between these types is important because it has been demonstrated that the quality is more relevant than the amount of fat consumed.
There are few studies in diabetic patients about consumption of saturated fatty acids or cholesterol; in this regard the recommendations for patients with diabetes are the same as for the general population: A contribution of saturated fat < 10%, with a minimum intake of trans fatty acids and with a contribution of cholesterol < 300 mg/dL[10] preferably choosing monounsaturated and polyunsaturated fatty acids (including omega-3 fatty acids). Some studies, that have studied the Mediterranean dietary pattern, have demonstrated that monounsaturated fatty acids can improve cardiovascular risk factors and glycaemic control[40], especially if they are replaced with saturated fatty acids.

Omega-3 fatty acids: Although there are unlike results, in general we cannot say that omega-3 supplements have shown clear cardiovascular benefit[41]. However, consumption of products high in omega-3 can be positive in preventing cardiovascular disease[42].

Alcohol: Alcohol should be drunk in moderation and it should not exceed one serving per day for women, or two servings per day in the case of men. To avoid excess of energy when they are consumed, this contribution must be exchanged for other products. This moderate consumption does not harm the glycaemic control but rather in some studies has been found the contrary, with moderation can improve glycaemic control and reduce cardiovascular events.
Despite the above facts, it is very important to note that alcoholic beverages may contribute to the appearance of late hypoglycaemia especially in patients in treatment with hypoglycaemic drugs, so we should warn the patient to pay attention to any symptoms of hypoglycaemia[28].

Sodium: The recommendation for the general population to reduce sodium intake to less than 2300 mg/d shall also apply to patients with diabetes mellitus. When these also have hypertension, which is very common, reduced sodium intake should be individualized[43].

Specific supplements: The potential benefits of dietary supplements for diabetic patients with various specific nutrients have been subjected to trials. In despite of this, reliable data has not been observed to confirm benefits in glycaemic control supplementing because of supplement the diet with antioxidants as vitamin and carotenes, micronutrients such as chromium or other herbs. The recommendations of vitamins and minerals are not different from the general population, they are provided by a varied diet[38].

Exercise 
The physical activity and exercise are one of the basic strategies in the treatment of diabetes. Promoting exercise, within a specific plan, provides in general terms multiple benefits: Increased insulin sensitivity in tissues, improvement of glycaemic control[44], benefits in lipid profile and blood pressure, maintenance or weight loss, cardiovascular benefits, better quality of life, psychological well-being and improvement of depression[10].

Benefits of glycaemic control: In some studies it has observed a significant decrease in HbA1c in patients with T2DM who do exercise. The difference in the degree of improvement observed in the different studies will depend on the characteristics of the patient and the type of training, thus, it is more effective when training programs are based on aerobic exercises of programs based on muscle strength in isolation[45].

Other benefits: The physical exercise also brings improvement in other metabolic parameters. It helps control cardiovascular risk factors (dyslipidaemia, hypertension, weight maintenance, psychological benefits, reduces mortality, improvement cardiorespiratory fitness and peripheral neuropathy[10,45]. 

Types of exercise: Both aerobic and resistance exercises have demonstrated benefits in people with diabetes through increased glucose uptake and decreased insulin resistance.
Though aerobic exercise in isolation seems to get better benefits that resistance exercise[45], in patients with diabetes is recommended the combination of both types because the effect is greater than if each one is performed in isolation[46,47].
This type of training has been traditionally recommended for patients with T2DM. A frequency of at least 3 d per week is recommended, preferably if it can be increased to 5 d with no more than two consecutive days between periods of activity, because the increase of the sensitivity and the glucose tolerance is maintained for about 12-24 h. It should be done with moderate intensity which is 40%-60% of maximum aerobic capacity. This corresponds to 55%-69% of maximum heart rate according to age (maximum heart rate = 220-age)[47]. Another method for measuring the intensity can be the subjective perception of the effort that assigns values to 20 points according to the patient judgment about the activity performed (Table 4). A moderate-intensity exercise can also be an activity that can be conducted while maintaining an uninterrupted conversation.
The effect of exercise in T2DM is clearly related to the volume done, thus, in different societies, it is recommended at least a minimum of 150 min per week[43,47]. Despite following the same recommendations, it has recently published a review where it is expounded that shorter performance exercises, with reference to the accumulated time during the week, keeps some benefit although this is less[48].
This type of exercise should be performed 2-3 times a week on non-consecutive days. For optimal gains in strength and insulin action, training should be moderate (50% of 1 repetition maximum) or vigorous (75%-80% of 1 repetition maximum). Each session should include from 5 to 10 exercises involving the use of large muscle groups. Ten to fifteen repetitions of each exercise (30-45 s) have to be made. Between each series should be left between 1-2 min for the recovery. Supervision by a professional can ensure an appropriate enforcement and progression of the exercise that optimized the benefits and reduce the risk of complications[47].
Although they have not demonstrated benefits in glycaemic control, these exercises are also recommended and can be very useful in older patients with T2DM[49].

Unstructured physical activity: It is also recommended to advise patients to increase energy expenditure in activities of daily life. It requires an increase of unstructured physical activity (walking more in the day, climb the stairs...)[50].

Prescription of a specific plan: Exercise should be prescribed individually for each patient and taking into accounts the characteristics of the person. Initially, the guidelines should recommend a slow progression and, if it is necessary, the patient has to start with low volumes of work. Recommendations should take into account the type of diabetes and the treatment utilized, the possibility that patients have diabetic foot, retinopathy, neuropathy, nephropathy or some degree of cardiovascular risk[49]. Training plans that are supervised by professionals have proved to be more effective as this study have demonstrated. In it, is compared a supervised program against a general advice, and although in both an increase in physical activity is observed, some better effects in HbA1c and cardiovascular risk factors in the supervised group have been seen[51].
Before starting the exercise would be advisable to pre-clinical evaluation, paying special attention to physical ability, complications of diabetes and comorbidities that constrain the realization of physical activity. For patients at high cardiovascular risk or for those who start high-intensity exercises, the ADA recommends performing an effort test with a grade of recommendation C[47].

Exercise and diabetes complications: The presence of diabetes complications involves a number of considerations at the time of writing prescriptions of physical exercise in these patients.
The physical exercise has proved benefits in reducing the appearance of peripheral neuropathy[52]. When it is already present, it is recommended to avoid exercises that cause impacts of repetition in the lower extremities and especially in patients with foot ulcers and wounds[53]. Furthermore, recent studies have demonstrated that moderate intensity walking do not increase the risk of ulcers.
In respect of the weight-bearing exercises, it can be performed while there are no ulcers or foot lesions. In any case it should pay attention and examine the feet and always wear suitable shoes.
The presence of retinopathy advises against the practice of physical activities that increase intrathoracic pressure (Valsalva manoeuvre), or high-intensity exercises by the risk of retinal detachment or intravitreal haemorrhage. The exercises with low and moderate intensity (walking, swimming...) are perfectly authorized and they can be done safely. Contact exercises like boxing should be avoided because of the risk of impact[50].
Exercise for diabetic patients is beneficial at any stage of renal function. In epidemiological studies it has been shown to improve renal function. Promotes muscle strengthening in case of kidney failure that helps to counteract sarcopenia, and improves various parameters in patients on dialysis, so with supervision and restraint exercise is recommended and although they have been transient increases in microalbuminuria with sessions of exercise (because of increasing blood pressure) is not considered as a marker of persistent microalbuminuria[50].
Physical activity has many beneficial cardiovascular effects but must take into account some considerations when there is vascular disease. Patients with diabetes that present a moderate or high cardiovascular risk should be included in supervised cardiac rehabilitation programs, because exist an association with mortality. In addition, during the exercise there is an increased activity of the sympathetic nervous system and catecholamines and decrease vagal tone[47,50].
In people with peripheral arterial disease benefits from the practice of sports aerobics and resistance also exist because of the improvement of the mobility, functional capacity, pain tolerance and quality of life[47].
Moderate physical exercise can improve the autonomic nervous system both in patients with autonomic neuropathy and those who do not have it[54], however it may represent a prescription limitation because it may favour silent ischemia, doubling mortality, impairing exercise tolerance and decreasing the maximum heart rate and thus a prior cardiovascular study is recommended[55].

Exercise with uncontrolled blood sugar: Hyperglycaemia. In T2DM is very strange developing a true insulin deficiency, as in type 1 diabetic, so if the patient feels well is not necessary to postpone the exercise by hyperglycaemia, although they must ensure an adequate hydration state[56].
In non-diabetic person with aerobic exercise the increase of the glucose uptake is offset with similar increase of the hepatic glucose, but in diabetic person the muscle uptake is greater than the liver's production although the risk of hypoglycaemia is minimal if hypoglycaemic drugs are not taken[47]. However, if in addition to the effect of exercise add up the effects of hypoglycaemic drugs, we recommend a series of precautions mainly based on carbohydrate intake and adjust drug doses. If the levels before exercise are less than 100 mg/dL should take a supplement of 15 g of carbohydrates before exercise. This measure should only be recommended if blood glucose lowering drugs (secretagogues or insulin) are taken. If the control is with other drugs, supplements are not required if the exercise is less than an hour[56]. It is important to note that regardless of the initial levels, if the exercise is prolonged a monitoring could be required and also intakes over the same period.
Before physical activity, to prevent the appearance of hypoglycaemia during exercise, doses of drugs such as insulin secretagogues or insulin (especially the latter) can be decreased. These measures can be associated with dietary measures mentioned above. During the hours after exercise glucose needs increase, so after exercise delayed hypoglycaemia can happens. This hypoglycaemia should be expected and may require reducing the dose of drugs after exercise and/or increase the intake after it[47].

ORAL AGENTS
Metformin
Metformin is considered the agent of first line for treatment of T2DM, in the absence of contraindications[6,13,57].

Mechanism of action[58]: Metformin can change the composition of gut microbiota[59] and activate mucosal AMPK that maintain the integrity of the intestinal barrier. These effects, in combination with the activation of AMP-activated protein-kinase (AMPK)[60] in hepatocytes appear to be the mechanism by which metformin decrease lipopolysaccharide (LPS) levels in circulation and in the liver.
After being delivered to the liver from the intestines, metformin can inhibit gluconeogenesis through four different mechanisms[61]: (1) By activating hepatic AMPK through liver-kinase B1 and decreased energy charge (9, 10); (2) Through the inhibition of glucagon-induced cAMP production by blocking adenylcyclase(11); (3) In high concentrations (5 mmol/L) inhibit NADH coenzyme Q oxidoreductase (complex I) in the mitochondrial electron transport chain (12) to reduce ATP levels and increase AMP/ATP ratio. This increased ratio should activate AMPK; and (4) The inhibition of mitochondrial glycerol phosphate dehydrogenase (mG3PDH)[58], will affect transport of NADH from the cytoplasm into mitochondrion, suppressing gluconeogenesis process from lactate.
Also, metformin works through the Peutz-Jeghers protein LKB1. LKB1 is a tumour suppressor, and activation of AMPK through LKB1[62] may play a role in inhibiting cell growth.

Indications and contraindications: Metformin is the drug of first-line for many patients with T2DM. It decreases fasting blood glucose by approximately 20% and HbA1c by 1.5%. It can be given in combination with sulfonylureas, glinides, alpha-glucosidase inhibitors, insulin, thiazolidinediones (TZD), glucagon-like peptide-1 receptor agonist (RA-GLP1), dipeptidylpeptidase 4 inhibitors (iDPP4), and sodium-glucose co-transporter 2 inhibitors (iSGLT2). Metformin is contraindicated in patients with factors that predispose to lactic acidosis. The predisposing factors are: a renal function damaged, concomitant liver disease or excessive alcohol intake, unstable or acute heart failure and personal history of lactic acidosis.
The precise serum creatinine and estimated glomerular filtration rate (eGFR) limits for the use of metformin remain uncertain. In the metformin prescribing information is contraindicated when creatinine level is above 1.4 mg/dL in woman and 1.5 mg/dL in men, and with Egfr < 60 mL/min. However, in observational studies of T2DM patients and eGFR 45-60 mL/min, improved clinical outcomes have been reported. Nowadays[63-65], in patients with eGFR above 45 mL/min, metformin can be utilized. The absolute contraindication is with GFR < 30 mL/min. With eGFR 30-45 mL/min, in clinical practice, currently we reduce metformin dose by a half. It is very important to advise patients with eGFR 30-60 mL/min to stop taking metformin if they develop any condition associated with dehydration, sepsis or hypoxemia. Also metformin should be stopped prior to intravenous iodinated contrast.

Side effects: The most frequents are gastrointestinal, such as anorexia, nausea, abdominal discomfort and diarrhoea; they are usually mild and transient. Also, metformin reduces intestinal absorption of vitamin B12.
Less common is lactic acidosis. In a review[66] of 347 randomized trials and prospective cohort studies, there were no cases of lactic acidosis. However, is very important because of the high case-fatality rate. Predisposing factors are all situations that predispose to hypoperfusion and hypoxemia (sepsis, heart failure, dehydration, acute or progressive renal impairment.

Cardiovascular effects: Metformin does not have adverse cardiovascular effects, and it appears to decrease cardiovascular events as we saw in UKPDS, and during the post-interventional observation period of the UKPDS, in which reductions in the risk of macrovascular complications were maintained in the metformin group.
Metformin also has a lipid-lowering activity, and it result in a decrease in free fatty acid concentration, serum triglyceride, small decrease in LDL cholesterol and a modest increase in HDL cholesterol.

Cancer incidence: Observational data suggest that metformin decreases cancer incidence[67,68]. In different meta-analyses in T2DM patients, use of metformin compared with non-use or with use of other diabetes treatment, was related with a reduced risk of all cancers and lower cancer mortality[69,70]. The majority of the trials were not designed to explore cancer outcomes, so we must be prudent in the interpretation of their results.

Insulin secretagogues: Sulfonylureas and meglitinides
Sulfonylureas and meglitinides or glinides (insulin secretagogues) are two different classes of oral hypoglycaemic drugs but they have a common mechanism of action, and both stimulate pancreatic beta cells to release insulin.
Sulfonylureas are a classic first or second-line therapy for patients with T2DM[71], and since their introduction to clinical practice in the 1950s they have been widely utilized[72]. They are utilized as a reference to compare the efficacy and safety of other hypoglycaemic drugs excluding insulin.
Meglitinides stimulate insulin release through similar mechanisms but they have a different subunit binding site, with a more rapid absorption and more rapid stimulus to insulin secretion. However they require more frequent dosing[73].

Mechanism of action: Both sulfonylureas and glinides base their mechanism of action in increasing insulin secretion, which is regulated by ATP-sensitive potassium channels (KATP potassium channel) located in the membrane of pancreatic beta cells[74]. Although the receptor’s binding site is different for sulfonylureas and glinides, they both induce channel closure and cell depolarization leading to an increase in cytoplasmic calcium level and consequently insulin secretion[37].

Pharmacokinetics: Differences in pharmacokinetic and binding properties of insulin secretagogues result in the specific responses that each drug produces. Sulfonylureas can be divided into first- and second-generation agents. Glyburide (known as glibenclamide in Europe), glipizide, gliclazide and glimepiride are second-generation sulfonylureas[57]. New generation agents are more potent and have fewer adverse effects[37]. Although second-generation sulfonylureas are equally effective, there are differences in absorption, metabolism, and duration of action as well as in effective dose; for example, glyburide has active metabolites that can prolong his action.
There are two different glinides: repaglinide and nateglinide. Repaglinide is a member of the meglitinide family different from the sulfonylurea. Nateglinide is a derivate of phenylalanine and it is structurally difference from sulfonylureas and meglitinide. They both cause less hypoglycaemia and less weight gain due to their shorter half-life and a different sulfonylureas receptor binding site, leading to faster absorption and a more rapid stimulus to insulin secretion[37].
As a result of their pharmacokinetics, the major effect of sulfonylureas is the reduction of fasting plasma glucose concentrations, whereas meglitinides mainly reduce postprandial glucose[75].

Advantages and effectiveness: Sulfonylureas and meglitinides can be effective when employed as monotherapy, or in combination with other oral hypoglycaemic drugs or insulin. Sulfonylureas are the most cost-effective glucose-lowering agents, have been on the market for a long time[37], and are widely utilized because of their long term efficacy and safety history, low cost and extensive clinical trial data demonstrating good glucose-lowering efficacy[76,77]. The glucose-lowering effectiveness is said to be high for sulfonylureas (expected HbA1c reduction 1.0%-1.5%) and generally lower for meglitinides (0.5%-1.0%)[9,57].
In the Consensus of ADA/EASD 2015 sulfonylureas and glinides appear as an alternative to metformin when metformin is contraindicated or not tolerated, and they represent an alternate treatment option in double and triple therapy[57], whereas in the Consensus of the American Association of Clinical Endocrinologist (AACE) 2016, sulfonylureas and glinides appear as the last alternative both in monotherapy and combined treatment[9].

Side effects: Loss of efficacy, hypoglycaemia and weight gain represent the main problems related to the use of these drugs. 
Over time insulin secretagogues lose effectiveness (secondary failure), caused by an exacerbation of islet dysfunction with beta cell failure[78,79]. As a result, the percentage of patients maintaining adequate glycaemic control decreases progressively. Although this effect may also be related to disease progression, it has shown an increase in secondary failure than other agents[80].
Weight gain can be via many of the same mechanisms that are triggered by insulin therapy, and it has been observed in different studies[81,82]. However, metformin might counter the weight gain effect when used in combination[81,83]. Different generations of sulfonylureas have shown to cause weight gain and its magnitude appears to correlate with the propensity to cause hypoglycaemia. It may also occur with meglitinides as they have similar profiles[76], but it seems to occur in a lesser extent due to their short action [78].
Hypoglycaemia is the most common adverse effect[83,84], especially with long-acting sulfonylureas (such as glyburide/glimepiride)[85]. New generation sulfonylureas have shown to have a significantly lower risk of hypoglycaemia. Meglitinides generally have less risk of hypoglycaemia[37], thus being useful for individuals in whom the goal of avoiding hypoglycaemic events is important.
The risk factors for hypoglycaemia are inconsistent eating patterns in older individuals (meglitinides can be useful in these patients), malnutrition, alcohol ingestion, renal insufficiency, hepatic failure, hypothyroidism or drug interactions[86,87]. The risk of hypoglycaemia, as well as considerations of the risk-to benefit-relationship, is particularly relevant in older individuals where results from trials have suggested that aggressive control may not have significant benefits and may present some risk[6].

Cardiovascular disease: Sulfonylureas have been associated with increased cardiovascular risk, especially when it comes to glyburide/glibenclamide. Some studies[88,89] support this association, which can be explained by the interference with ischemic preconditioning, a protective autoregulatory mechanism in the heart. However, other studies like UKPDS, ADVANCE and ACCORD and many meta-analyses failed to proof an increased risk in cardiovascular mortality or morbidity[76]. Therefore, it remains unclear whether sulfonylureas are associated with an increased cardiovascular risk but as glibenclamide may indeed be when compared with other sulfonylureas, clinicians should consider possible differences in risk of mortality if a sulfonylurea is to be utilized. 

Other considerations: Most insulin secretagogues undergo significant renal clearance except for meglitinides, and the risk of hypoglycaemia is higher in patients who have chronic kidney disease (CKD) especially with glyburide/glibenclamide which has a prolonged duration of action and active metabolites[58]. In patients with liver disease, sulfonylurea is not specifically contraindicated and meglitinides can also be employed. When liver disease is severe, insulin secretagogues have an increased risk of hypoglycaemia and should be avoided[57,90].
Sulfonylureas have several drug-drug interactions as they are metabolized by cytochrome p450[84]. Repaglinide with gemfibrozil is contraindicated because of its higher risk of hypoglycaemia.

Alpha-glucosidase inhibitors
There are three currently available agents, acarbose, miglitol and voglibose[37]. Their properties are different from other antidiabetics owing to its unique mode of action. Acarbose has been used for over 20 years in the treatment of hyperglycaemia[91].
The alpha-glucosidase inhibitors reduce postprandial triglycerides but their effect on LDL and HDL cholesterol levels and fasting triglycerides is insignificant and inconsistent[75,92]. Alpha-glucosidase inhibitors rarely induce hypoglycaemia, because these agents do not stimulate insulin release, and do not significantly affect body weight[82].
Acarbose has demonstrated to have beneficial effects by reducing the risk of cardiovascular disease and slowing the progression to diabetes in patients with impaired glucose tolerance[93,94].

Mechanism of action: Alpha-glucosidases are enzyme complexes located in the brush border membrane of the small intestine and hydrolyse oligosaccharides into monosaccharides[95]. Alpha-glucosidases inhibitors are structurally similar to natural oligosaccharides with higher affinity for alpha-glucosidases[91], and they produce a reversible inhibition of membrane-bound intestinal alpha-glucoside hydrolase enzymes. This cause delayed carbohydrate absorption and digestion, and results in a reduction in postprandial hyperglycaemia. The undigested carbohydrates in the lower parts of the small intestine increase plasma RA-GLP1 levels[95]. Because reduced blood glucose concentrations, alpha-glucosidase inhibitors do not enhance insulin secretion[91,95].

Efficacy: In general, alpha-glucosidase inhibitors have modest HbA1c lowering effects. In the Consensus of ADA/EASD 2015, alpha-glucosidase inhibitors are not included in the algorithm due to their lower efficacy and limiting side effects compared to other options[57], whereas in the Consensus of AACE 2016, alpha-glucosidase inhibitors appear only before sulfonylureas and glinides as monotherapy and combined treatment[9].

Side effects: The side effects are mainly gastrointestinal and include flatulence, diarrhoea and abdominal pain. These symptoms are usually mild, but they may reduce compliance and they are the most common reason for discontinuation treatment[94,95]. These symptoms occur when undigested carbohydrates arrive to the colon and as a result, there is a fermentation by bacteria in the large bowel and intestinal gas production[91]. For this reason, they are contraindicated in patients with chronic intestinal disorders associated with impaired digestion or absorption, and with conditions that may worsen when an intestinal gas increase appears (hernias, intestinal obstruction and intestinal ulcers). Treatment should be discontinued immediately if there is or is suspected ileus or sub ileus. To maximize the potential for these agents to be well tolerated, start with a low dose and increase slowly[37].
Alpha-glucosidase inhibitors are not recommended for patients with creatinine clearance < 25 mL/min and they can produce asymptomatic elevation of liver enzymes, for this it is necessary a control of liver enzymes[96]. In hypoglycaemia (when it is associated with sulfonylureas, glinides and insulin), like inhibitors of α-glucosidase delay absorption and digestion of sucrose, patients must take glucose.

Thiazolidinediones
Two TZD are currently available in United States: Rosiglitazone and pioglitazone. In Europe, since 2010, rosiglitazone was suspended by the European Medicines Agency, based on the overall risks of rosiglitazone exceed their benefits. French and Germany Medicines Agencies also discontinued pioglitazone in 2011.

Mechanism of action: TZD increase insulin sensitivity by acting on muscle, adipose tissue and liver to increase glucose utilization and decrease glucose production. TZD bind to peroxisome proliferator-activated receptors (PPARs). PPAR-gamma is found predominantly in central nervous system, macrophages, vascular endothelium, adipose tissue and pancreatic beta-cells. The concentration of PPAR gamma is increased in the skeletal muscle of obese and diabetic patients[97]. In the central nervous system PPAR-gamma activation mediates weight gain by stimulating increased feeding[98]; this is, in part, the reason for weight gain associated with TZD.
PPAR-alpha is found predominantly in liver, skeletal muscle, heart and vascular walls. Rosiglitazone is purely PPAR-gamma agonist, while pioglitazone has also some PPAR-alpha effects; therefore they have different effects on lipids. Pioglitazone produces a more favourable lipid profile: LDL-cholesterol remained constant during treatment while rosiglitazone raises them; in addition decreased more triglyceride levels than rosiglitazone. HDL-cholesterol increased more or less 10% with both of them. 
TZD also may improve blood glucose levels by preserving pancreatic beta-cell function. They are probably similar in efficacy to metformin in monotherapy but we don’t usually choose them because of their adverse effects and cost. Also, they are effective in combination therapy, but again, we typically prefer combination with other drugs with less adverse effects. TZD should not be given to diabetic patients with a history of heart failure or low bone mass.
The ratio between benefit and risk at cardiovascular system of rosiglitazone and pioglitazone remains unclear. Meta-analyses and observational studies (RECORD study, BARI 2D, PROactive trial) suggest caution with rosiglitazone use and also with pioglitazone.

Side effects: Weight gain. The weight gain is the result of diverse mechanisms as: Fluid retention, the activation of PPAR-gamma in the central nervous system (which increases feeding) and the up regulation of genes that facilitate adipocyte lipid storage (in part weight gain may be also a result from the proliferation of new adipocytes[99). It’s time and dose dependent.
Heart failure. PPAR-gamma is more abundant in the collecting tubules of the nephron; the PPAR-gamma stimulation (induced by TZD treatment) activate sodium reabsorption in the luminal membrane of the collecting tubule cells[100], leading to a fluid retention that may lead to the precipitation of heart failure or worsening it. Peripheral oedema occurs in 4%-6% of patients in treatment with TZD, and this percentage is higher in patients with heart failure history. Because of the risk of heart failure the American Heart Association and the ADA published a consensus statement in 2003[101].
Because of their mechanism of action (they improve blood glucose by increasing insulin sensitivity) TZD monotherapy cause hypoglycaemia less frequently than sulfonylureas or insulin.
In preclinical studies pioglitazone increased bladder tumours in rats. Latter the Prospective Pioglitazone Clinical Trial in Macrovascular Events (PROactive) saws more cases of bladder cancer: 14 vs 5, in the treatment group[102]. In an analysis of an ongoing 10-years observational study, there wasn’t a significant association between pioglitazone and cancer[103], but the risk of bladder cancer was significantly increased in those with the longest exposure and highest cumulative dose. Using data from the Adverse Even Reporting System of the United States FDA, again risk of bladder cancer was higher with pioglitazone[104]. Because of these in 2011 German and French Medicines Agencies suspended the use of pioglitazone.
Decrease bone density and increase fracture risk. The activation of PPAR-gamma has been demonstrated to down regulate components of the IGF-1 system, and IGF-1 is an important regulator of osteoblast proliferation and differentiation[105]. The absolute increase in risk fracture seems to be small and occurred with both of them, rosiglitazone and pioglitazone; the fractures are more frequently in the distal upper or lower extremities. These treatments should not be utilized in women with low bone density or with risk factors for fracture.
Troglitazone suspended its commercialization due of severe hepatocellular injury[106]. FDA currently recommends periodic monitoring of liver function in patients in treatment with rosiglitazone or pioglitazone.

Dipeptidyl peptidase-4 inhibitors	
The incretin agents (GLP1 and GIP), secreted by intestine L cells, increase insulin secretion and inhibit glucagon in response to nutrient inputs. The glucoregulatory effects of incretins are the basis for treatment with inhibitors of iDPP4 in patients with T2DM. Agents that inhibit DPP4, an enzyme that rapidly inactivates incretins, increase active levels of these hormones and, in doing so, improve islet function and glycaemic control in T2DM.
iDPP4 are used as monotherapy in patients inadequately controlled by diet and exercise, and dual therapy in combination with metformin, TZDs and insulin. iDPP4 are well tolerated; they have a low risk of producing hypoglycaemia, and maintain the patient's weight. We have five iDPP: Sitagliptin, Vildagliptin, Saxagliptin, Linagliptin and Alogliptin. 

Sitagliptin: Sitagliptin, which is approved for the treatment of T2DM in many countries, can be employed alone or dual therapy with sulfonylurea, metformin or TZD or third therapy. The normal dose of sitagliptin is 100 mg once daily; half dose is utilized in patients with an eGFR 30-50 mL/min, and quarter dose in those with an eGFR < 30 mL/min[107].
Monotherapy with this drug there are multiple studies, with significant reduction in HbA1c. The results of a study with sitagliptin monotherapy for 18 wk were: HbA1c significantly decreased with sitagliptin 100 and 200 mg compared to placebo (low HbA1c vs placebo: -0.48% and -0.60% respectively). Sitagliptin also significantly reduced fasting blood glucose vs placebo. Patients with baseline HbA1c higher (> or = 9%) had greater reductions in HbA1c subtracted sitagliptin placebo (-1.20% for 100 mg and -1.04% in the case of 200 mg) than those with HbA1c < 8% (-0.44% and -0.33%, respectively) or > or = 8% to 8.9% (-0.61% and -0.39%, respectively). Sitagliptin had a neutral effect on body weight[108].
In dual therapy studies the results confirm that sitagliptin was as effective as glipizide in patients inadequately controlled with metformin. In one of them the following results were found a year: From a mean baseline of 7.5%, HbA1c changes from baseline were -0.67% at week 52 in both groups, confirming non-inferiority. The proportions achieving an HbA1c < 7% were 63% (sitagliptin) and 59% (glipizide). Fasting plasma glucose changes from baseline were -0.56 mmol/L (-10.0 mg/dL) and -0.42 mmol/L (-7.5 mg/dL) for sitagliptin and glipizide, respectively[109]. With sitagliptin were observed less hypoglycaemia and less weight gain than with glipizide.

Vildagliptin: This is an iDPP4 which FDA was not approved so that is not being used in the United States. The usual dose is 50 mg twice daily when utilized as monotherapy, with metformin, or with a TZD, and 50 mg once daily (in the morning) when utilized with a sulfonylurea. No dose adjustment is necessary in patients with mild renal impairment (creatinine clearance ≥ 50 mL/min). In patients with moderate or severe renal impairment, the dose is 50 mg once daily.
In some studies comparing the efficacy and safety of vildagliptin compared with placebo target the treatment difference (vildagliptin-placebo) in adjusted mean change (AM Delta) ± SE in HbA1c from baseline to endpoint it was -0.7 ± 0.1% (P < 0.001) and - 1.1 ± -0.1% (P < 0.001) in patients receiving 50 or 100 mg of vildagliptin, respectively. The difference between treatments in the Delta GPA (GPA) was -0.8 ± 0.3 mmol/L (P = 0.003) and -1.7 ± 0.3 mmol/L (P < 0.001) in patients receiving 50 or 100 mg of vildagliptin, respectively[110].

Saxagliptin: Saxagliptin is approved as a drug for home treatment of T2DM or dual therapy for patients not controlled with a sulfonylurea, metformin or TZD. The dose is 2.5 or 5 mg of saxagliptin once daily. The dose of 2.5 mg is recommended for patients with an eGFR ≤ 50 mL/min and patients taking drugs inhibitors of cytochrome P450 3A4/5 (e.g., ketoconazole), Saxagliptin monotherapy is effective, achieving reductions in HbA1c of 0.5 in naive patients vs placebo[111,112]. There are studies with saxagliptin (2.5, 5 and 10 mg) in dual therapy with metformin showed a statistically significant adjusted mean HbA1c decrease from baseline to week 24 compared to placebo (-0.59%, -0.69%, and - 0.58% vs +0.13%; all P < 0.0001)[113]. There are also studies showing the efficacy of sitagliptin in combination with sulfonylureas and TZD.

Linagliptin: The dose of linagliptin is 5 mg once daily. It is eliminated mainly through the enterohepatic system so it is not necessary to adjust the dose in patients with renal or hepatic impairment. Inducers of CYP3A4 or P-glycoprotein (e.g., rifampicin) may reduce the effectiveness of this agent. In patients receiving these drugs should avoid the use of linagliptin.
In a monotherapy study vs placebo, linagliptin achieved a reduction in HbA1c of 0.44% against rising 0.25% with placebo in 6 mo[114]. In a 24 wk study in triple therapy in patients treated with metformin and sulfonylureas that was added linagliptin or placebo, appeared a reduction in HbA1c of 0.72% in the group with linagliptin vs 0.1% in the group with placebo[115].

Alogliptin: The usual dose of alogliptin is 25 mg once daily, with dose reductions to 12.5 mg once daily in patients with creatinine clearance between 30 and 60 mL/min and to 6.25 mg daily in patients with creatinine clearance < 30 mL/min or undergoing dialysis[116].
In a study to twelve weeks in patients treated with metformin with poor control of their diabetes, alogliptin group achieved a reduction in HbA1c of 0.64% compared to an increase of 0.22% in the placebo group[117]. In another 26 wk studies, with alogliptin (12.5 or 25 mg once a day) vs placebo in patients with poorly controlled T2DM on a stable dose of glyburide (n = 500) or insulin (alone or in combination with metformin, n = 390) there were greater reductions in HbA1c in the alogliptin groups (mean change in HbA1c from baseline -0.39, -0.53 and +0.01 percentage points for the 12.5, 25 mg, and placebo groups, respectively, in the glyburide trial, and -0.63, -0.71, and -0.13 percentage points, respectively, in the insulin trial)[118,119].

Side effects: These drugs are considered very safe since both the risk of hypoglycaemia and other adverse effects are rare. All of them at increased risk of hypoglycaemia in combination with sulfonylureas or insulin. In comparative studies have not observed any significant differences between them in the risk of hypoglycaemia. With vildagliptin and alogliptin have been reported cases of hepatic dysfunction unusually still advisable to monitor liver enzymes during the first three months of treatment. If an increase in transaminases of three times the upper limit of normal or greater persists, the drugs should be discontinued.
At present, there is insufficient data to know whether there is a causal relationship between acute pancreatitis and iDPP4[120-123]. They should be discontinued in patients with persistent severe abdominal pain. In patients with pancreatitis should not start these drugs, or if there is a history of this disease.
Commonly reported side effects include headache, nasopharyngitis, and upper respiratory tract infection[124,125]. Some, but not all, studies have reported a slight increased risk of gastrointestinal side effects with sitagliptin[108,109,126].

Cardiovascular effects	: Sitagliptin, saxagliptin and alogliptin have been studied for cardiovascular safety. They are TECOS, SAVOR-TIMI and EXAMINE studies respectively, with thousands of patients at high cardiovascular risk with a median follow up of 18 to 36 m.
In the TECOS study with sitagliptin 14735 patients with T2DM and established cardiovascular disease (history of major diseases of the coronary artery, ischemic cerebrovascular disease or peripheral arterial atherosclerotic disease) were randomized a group with sitagliptin and one with placebo, plus other diabetes medications (mainly metformin, sulfonylurea, insulin)[127]. After three years, the primary cardiovascular combined outcome (cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for unstable angina) was observed in a similar proportion of diabetics (11.4% and 11.6% in the sitagliptin and placebo group’s human resources, respectively, 0.98; 95%CI: 0.89 to 1.08). There was no significant difference in any of the individual components of the composite endpoint or the rate of hospitalization for heart failure (3.1% in each group).
In the test with saxagliptin (SAVOR-TIMI), 16492 patients with T2DM and either a history of cardiovascular disease or multiple risk factors for vascular disease were randomized to the branch of saxagliptin or placebo, and other medicines for diabetes (such as metformin, sulfonylureas, insulin). After a two-year follow-up, the first target (combination of cardiovascular death, nonfatal ischemic stroke or nonfatal myocardial infarction) appeared in a similar number of diabetics in proportion, 7.3% and 7.2% in the saxagliptin and placebo, respectively; hazard ratio (HR) 1.00, 95%CI: 0.89 to 1.12[128]. Significantly more patients in the field of saxagliptin were hospitalized for heart failure (3.5% vs 2.8%; HR 1.27, 95%CI: 1.07 to 1.51). It stresses significantly the hospitalization for heart failure in the saxagliptin study[129] increase. However, the possible association between heart failure and iDPP4 has been linked to other epidemiological data and claims data[130,131].
In the EXAMINE trial alogliptin, 5380 patients with T2DM and either an acute myocardial infarction or unstable angina requiring recent hospitalization were randomized to alogliptin or placebo, along with other antidiabetic (mainly metformin, sulfonylureas, insulin)[132]. At 18 mo follow-up, the primary composite endpoint including cardiovascular death, nonfatal stroke, or nonfatal myocardial appeared in a very similar proportion of patients (11.3% and 11.8% in the branches of alogliptin and placebo respectively; HR 0.96, 95% of the unilateral CI: 1.16). In a post hoc analysis of the data, there was no significant difference in the rate of hospitalization for heart failure (3.1% and 2.9% in the branches of alogliptin and placebo, respectively; HR: 1.07, 95%CI: 0.79 to 1.46)[133].

Sodium glucose co-transporter-2 inhibitor
iSGLT2 inhibit renal reabsorption of glucose, increase its excretion and reduce hyperglycaemia in patients with T2DM. Therefore, reducing the reabsorption of glucose by inhibition of SGLT2 is a new way to treat T2DM. The increase in glucosuria and diuresis produced results in a reduction in weight and blood pressure[134].
Kidneys from healthy people filter approximately 180 g of glucose each day through renal glomerulus and reabsorbed in the then proximal convoluted tubule. This is possible by passive and active co-carriers which are known as glucose transporter (GLUT) and SGLT[135] conveyors. There are two types of SGLT; SGLT1 located mainly in the small intestine and the kidney proximal convoluted tubule, and SGLT2 located only in the proximal tubule (segment 1 and 2), that are responsible for about 90% of glucose reabsorption[7]. The other 10% of the glucose is reabsorbed by SGLT1 in segment 3. SGLT2 inhibitors block the SGLT2 transporter in the proximal tubule, to lower glucose reabsorption and increase its excretion in the urine. Glucose is excreted in the urine and plasma levels are reduced by improving glycaemia figures plasma[136-138]. It is an independent mechanism of insulin, there is low risk for hypoglycaemia, and no risk of fatigue or overstimulation of the beta cells[139]. Due to its mode of action is based on normal glomerular-tubular function; the iSGLT2 efficiency is lower in patients with renal failure[140]. The three most representative drugs family iSGLT2 are: Dapagliflozin, canagliflozin and empagliflozin.

Dapagliflozin: Dapagliflozin was the first iSGLT2 employee, and has many published data from clinical trials. In phase 3 trials comparing placebo for 24 wk and dapagliflozin (2.5, 5 and 10 mg once daily) used alone or added to metformin[141], pioglitazone[142], glimepiride[143] or insulin[144] was observed that HbA1c and fasting plasma glucose in patients with T2DM was reduced. In tests longer-term (102 wk) added to metformin, dapagliflozin resulted in a sustained decrease in HbA1c, glucose fasting blood glucose and weight without increasing the risk of hypoglycaemia in patients with T2DM not controlled on metformin alone[145]. The initial decrease in HbA1c observed at 24 wk with both doses of dapagliflozin (5 or 10 mg) added to metformin was maintained at 102 wk, and was superior to placebo (-0.58%, -0.78% and 0.02% against). Also the low fasting plasma glucose with both doses of dapagliflozin, remained and was higher than placebo (-1.47 mmol/L and -1.36 mmol/L vs -0.58 mmol/L). This drug has studies which compared with patients whose hyperglycaemia glipizide was poorly controlled by metformin[146]. After 52 wk, a drop in HbA1c starting from the baseline of -0.52% is target with dapagliflozin (≤ 10 mg/d) and glipizide (≤ 20 mg/d. Weight reduction was greater with dapagliflozin (-3.2 kg) vs glipizide (+1.4 kg). Dapagliflozin (≤ 10 mg/d) in T2DM patients was non-inferior to glipizide (≤ 20 mg/d) in reduction of HbA1c at 52 wk (both -0.52%). At 4 years the HbA1c reduction is attenuated in both groups, but more in the glipizide vs dapagliflozin (+0.2% vs -0.1%). There were differences in weight change, with weight loss in the dapagliflozin group vs weight gain in the glipizide group (-3.95 kg vs +1.12 kg). In the dapagliflozin group decreases the mean average of systolic blood pressure, but did no change in the glipizide group (difference: -3.7 mmHg)[146].

Canagliflozin: Canagliflozin was the first of this family of drugs approved by the FDA and began its commercialization in March 2013 for use in T2DM. It is an effective drug in monotherapy and after 26 wk of treatment with canagliflozin 100 mg and 300 mg once daily significantly reduced HbA1c (-0.77% and -1.03% respectively) in patients with T2DM not controlled with diet and exercise compared to placebo (0.14%, P < 0.001)[147]. Also, significantly reduced fasting blood glucose, -27 mg/dL to -34 mg/dL with both doses of canagliflozin (placebo = 9 mg/dL, P < 0.001). Get for this reason a larger number of patients in target HbA1c < 7.0% compared to placebo (44.5% to 62.4% vs 20.6%; P < 0.001). At week 52 in the double therapy, 300 mg canagliflozin under more HbA1c that sitagliptin (-0.73%, -0.88%, -0.73%, respectively)[148]. Data reduction in body weight with canagliflozin 100 and 300 mg vs placebo at week 26 were -3.7, -4.2, -1.2 kg, respectively (P < 0.001) and vs sitagliptin at week 52 were -3.8, - 4.2, -1.3 kg, respectively (P < 0.001). Also, in combination therapy, improved canagliflozin reducing body weight, HbA1c, and tolerance was better than in diabetics treated with metformin plus sulfonylurea more than 52 wk[149]. At week 26, HbA1c decreased significantly with canagliflozin 100 and 300 mg vs placebo (-0.85%, -1.06%, -0.13%; P < 0.001); this improvement was maintained at week 52 (-0.74%, -0.96%, +0.01%). Both doses of canagliflozin (100 mg/d and 300 mg/d) showed non-inferiority in HbA1c reduction (-0.82% and -0.93%) compared to glimepiride for 52 wk of treatment in diabetic subjects treated with metformin. Canagliflozin 300 mg/d was more effective than glimepiride in decreasing HbA1c, and both doses of canagliflozin were higher than glimepiride in lowering body weight (-3.7 kg to 100 mg/d, -4.0 kg with 300 mg/d vs + 0.7 kg with glimepiride)[149]. Data from this study, objectified to 104 wk, showed that reductions in HbA1c remained with canagliflozin 100 and 300 mg and glimepiride vs placebo at week 104 (-0.65%, -0.55% and -0.746%), and both canagliflozin dose were better than glimepiride in weight reduction (-4.1 kg with 100 mg /d, -4.2 kg with 300 mg/d vs + 0.9 kg with glimepiride)[150].

Empagliflozin: Empagliflozin is a drug that has eight multinational clinical trials, including a very important safety trial of cardiovascular risk. Data empagliflozin 12 wk at doses 5-25 mg/d are increased excretion of glucose and a decrease of fasting blood glucose (-31.1 mg/dL. at 25 mg vs an increase +0.8 mg/dL. placebo), HbA1c (-0.63% vs 25 mg vs an increase of +0.09%) and body weight (-2.0 kg to 2 mg vs -0, 8 kg) in T2DM[151]. Both doses of empagliflozin (10 mg or 25 mg daily) added to metformin received greater reductions in HbA1c vs sitagliptin (-0.34% to -0.63% vs -0.40%) and these were maintained for 90 wk. The fasting glucose reduction was also higher after 90 wk of treatment with two doses of empaglifozin against sitagliptin (-21 mg/dL and -32 mg/dL vs -16 mg/dL), and these effects were maintained over the treatment period[152]. The weight was reduced from the baseline of -2.2 to -4.0 kg with empaglifozin, -1.3 kg with metformin, and sitagliptin -0.4 kg after 90 wk[153]. In a randomized, double-blind empagliflozin (10, 25 mg) or placebo add-on to basal insulin for 78 wk; compared with placebo, 10 and 25 mg/d of empagliflozin significantly lower body weight (-2.2 kg, -2.0 kg, and +0.7 kg respectively), and decreased HbA1c (-0.48%, -0.64%, and -0.02%, respectively), and systolic blood pressure (-4.1 mmHg, -2.4 mmHg, and +0.1 mmHg, respectively)[154]. Therefore, a long-term empagliflozin is an effective treatment for patients with T2DM.

Pleiotropic effects: iSGLT2 achieve a decrease in body weight between 1-5 kg medium[155]. Weight loss is greater if, in addition, the use of these drugs able to decrease the dose of insulin. Patients fastest achieve greater weight reduction[156]. The results of studies over 4 years in T2DM patients treated with dapagliflozin vs glimepiride, both in combination with metformin, showed a reduction of 3.65 kg in the dapagliflozin group compared with the branch of glimepiride that gained an average of 0.73 kg[155]. There has been demonstrated in multiple studies that the loss of weight produced by these medicaments is principally secondary to a loss of fat mass (especially visceral abnormal fat) and not due to a volume depletion. Also, one has found a reduction of the abdominal perimeter[154]. In studies with canagliflozin it was observed that the 0.66% reduction in body weight was fat mass, and 0.33% was lean body mass. The association of iSGLT2 with anti-diabetic drugs that increase the weight (pioglitazone, insulin) can get minimize this gain[144]. iSGLT2 also reduce the systolic (-1.66 mmHg to -6.9 mmHg) and diastolic (-0.88 mmHg to -3.5 mmHg) blood pressure. This decrease occurs because the initial osmotic diuresis, and subsequent inhibition of the renin-angiotensin system[157], and the decrease is independent from the levels of glucose or from the weight of the patients. Also the effects on blood pressure were not dose-dependent and were not accompanied by any notable changes in heart rate or increases in hypotension and/or syncope[158,159]. Some analysis from phase IIb studies with empagliflozin revealed even greater decreases in systolic blood pressure of 13.4 mmHg to 17 mmHg amongst a subgroup of patients with a baseline systolic blood pressure > 140 mmHg compared to the overall population. In a study of dapagliflozin it was that the effects on blood pressure were more important in patients with a baseline systolic blood pressure > 140 mmHg.
It‘s not clear the effect of these medicaments on the lipid profile. The same results do not exist with all the iSGLT2. In some studies are lipid-friendly and in others are lipid-neutral drugs. Canagliflozin, for example, increases HDL cholesterol by 7.1%, LDL cholesterol by 7.1%, and reduces triglycerides by 2.3%, over 52 and 104 wk[160]. These modifications in lipid profiles were not observed with other iSGLT2 such dapagliflozin[161].
This new drugs also have a paper reducing the serum uric acid levels. They can decrease the levels in a range from -5.9% to -17.8% with the effect sustained for 2 years[162]. 
Finally, SGLT2 is associated with glomerular hyperfiltration; thus blockade of SGLT2 has potential nephroprotective action[163].

Side effects: The iSGLT2 has a similar incidence of adverse events in clinical trials which are given with other oral antidiabetic agents. The overall incidence of adverse events moves between 57.3% to 83.0%, and serious adverse events is between 1.0% and 12.6%[155].
Increased glucosuria produces the urogenital tract infections that are the most common side effects of these drugs[164], especially in women and uncircumcised men. Genital mycotic infections in women were vulvovaginal candidiasis, vulvitis, vulvovaginitis, and vulvovaginal mycotic infection. In male patients balanitis and balanoposthitis occur. In trials with dapagliflozin 2.5, 5 and 10 mg doses, the incidence of urogenital tract infections was 4.1%; 5.7% and 4.8% depending on the dose of the drug vs 0.9% in placebo patients[165].
Another adverse effects of these agents also derived from his mechanism of action is the orthostatic hypotension and the volume depletion. These drugs are associated with an osmotic diuresis that can produce it. In randomized controlled trials the occurrence of these side effects was very low (< 3%)[166]. The extra diuresis experienced per day does not cause nicturia[167].
iSGLT2 have a non-insulin based mechanism and because of that the risk of hypoglycaemia is minimal with them. This risk can increase in therapy combined with sulfonylureas or insulin. 
The use of iSGLT2 is associated with changes in bone turnover markers, with reduction in bone formation without changes in bone mineral density. There are long-term studies do not confirm these changes related to skeletal system[150,154]. A 2-year study with dapagliflozin, no objective changes in bone turnover markers compared with placebo when combined with metformin[162].
There have been reports of euglycaemic ketoacidosis in some patients treated with iSGLT2[168]. They are studying the mechanisms by which this complication may occur. This is frames ketoacidosis with blood glucose levels < 200 mg/dL. The possible cause of the euglycaemic ketoacidosis can be attributed to the recent use of insulin, reducing calorie intake, alcohol abuse, chronic liver disease and glycogen storage disorders[169].

Cardiovascular effects: All iSGLT2 have launched important studies of cardiovascular safety. It has now ended with empagliflozin conducted with promising results for this therapeutic group.
EMPA-REG is an international prospective, placebo-controlled trial of empagliflozin cardiovascular outcomes in patients with T2DM and know cardiovascular disease. In the trial he managed to reach the main objective of non-inferiority and also showed, after 3.1 years of median follow-up, the superiority of empagliflozin group (10 or 25 mg/d) vs placebo in what with respect to the primary composite cardiovascular endpoint (-14%), hospitalizations for heart failure (-35%), cardiovascular mortality (-38%) and mortality from all causes (-32%, each P < 0.001). The decrease in mortality appeared from early stages (< 6 mo) and referred to all subgroups, without any apparent heterogeneity. These reductions in mortality appear to be related to the diuretic and natriuretic effect of empagliflozin, and not with concomitant reductions in HbA1c, body weight, blood pressure, waist circumference and serum uric acid levels in the field of empagliflozin respect to placebo. Tolerance and safety of empagliflozin was good, objectifying only a moderate increase in benign genital fungal infections, adverse event known iSGLT2[170].

INJECTABLE AGENTS
Glucagon-like peptide-1 receptor agonists
Human GLP1 is secreted in response to food intake and stimulates insulin release[171]. Two incretins have been identiﬁed: GLP1, which is produced and released mainly by L-cells located in the distal ileum and GIP, which is secreted by enteroendocrine K-cells in the proximal gut.
GLP1 treatment in T2DM patients increased insulin secretion glucose dependent and decrease secretion of glucagon, slowed gastric emptying, raised satiety, and reduce food intake[172]. GLP1 also protect against myocardial ischemia[173,174]. In blood vessels promotes endothelium-independent artery relaxation protecting against endothelial dysfunction. Also have effect in protecting renal function by increasing diuresis and natriuresis[175,176]. All of these actions allow lower blood pressure and have positive effects on cardiovascular risk markers such as plasminogen activator inhibitor and brain natriuretic peptide.
The use of GLP1 therapy is limited by its rapid breakdown by DPP4; it has a short half-life: 1-2 min. Multiple RA-GLP1 have been developed with the physiological effects of GLP1 and an extended duration of action. RA-GLP1 agonists have proven efficacy for lowering HbA1c, fasting plasma glucose, body weight and systolic blood pressure, with a reduced risk of hypoglycaemia[6]. EASD/ADA and AACE guidelines recommended their use in combination with metformin, or as triple therapy in combination with metformin, sulfonylureas, TZD or insulin[9,42].
RA-GLP1 are classified by their duration in short-acting or long-acting. Short acting RA-GLP1 are exenatide twice daily and lixisenatide; their provide short-lived GLP1 receptor activation; tend to have a more accentuated effect on postprandial hyperglycaemia and gastric emptying and less effect on fasting glucose. Long acting RA-GLP1 are liraglutide, once-weekly formulation of exenatide Exenatide LAR), albiglutide and dulaglutide; they activate the GLP1 receptor continuously, compared with short-acting effect on gastric emptying and postprandial glucose. Exenatide, exenatide LAR and lixisenatide derived from the exendin-4 molecule, a peptide with a 53% homology with human GLP1[177-179]. Liraglutide, albiglutide and dulaglutide are 97%, 95% and 90% identity.

Exenatide: Exenatide was the first RA-GLP1 to be approved for glycaemic control. Is a synthetic 39-amino acid peptide identical to the exendine-4 molecule isolated from salivary glands of the Gila monster; shares approximately 53% homology with native GLP1. The usual dose is 5-10 µg twice-daily subcutaneous injection.
Exenatide in monotherapy lowered HbA1c by 0.7%-0.9% and fasting plasma glucose by 17.5-18.7 mg/dL. The efﬁcacy and safety of exenatide has been proved in several clinical studies[180-183]. Up to 46% of patients treated with exenatide achieved HbA1c ≤ 7% objective compared with up to 13% of placebo group. Moreover, mean change in body weight from baseline was greater in the exenatide group (-1.6 to -2.8 kg) than in the placebo group (-0.3 to -0.9 kg)[180-182]. When compared exenatide with insulin glargine or biphasic insulin aspart in patients with T2DM not controlled with oral agents, there were similar reductions in HbA1c in the exenatide and insulin groups (approximately -1.0%) suggesting non-inferiority of exenatide compared to insulin in relation to HbA1c reduction[184,185]. Exenatide showed weight loss and reduction in postprandial glycaemia compared with any insulin therapy, and lower rate of nocturnal hypoglycaemia compared with insulin glargine. In the glargine comparison study, insulin was titrated based upon achieving a target fasting glucose level < 100 mg/dL (5.6 mmol/L). 

Lixisenatide: Lixisenatide is a RA-GLP1 that shares some structural elements with exendin-4. Compared with native GLP1, it has a prolonged half-life (2.7 to 4.3 h). Is available in Europe, not in US, for use in combination with oral agents or insulin; is not considered a first-line therapy. Is available in a prefilled pen containing 14 doses of 10 or 20 mcg of lixisenatide. The initial dose is 10 mcg subcutaneously once daily within one hour prior to any meal of the day; after 2 wk the dose can be increased to 20 mcg.
Lixisenatide has been studied as monotherapy and in combination with one or two oral agents (metformin, pioglitazone, sulfonylureas). In a 24-wk double-blind trial of lixisenatide 20 mcg once daily vs placebo in 680 T2DM patients inadequately controlled with metformin (mean HbA1c 8.1%), the mean reduction in HbA1c was significantly greater with lixisenatide (-0.9% vs -0.4%)[186], and in another 24-wk no inferiority trial of once-daily subcutaneous lixisenatide 20 mcg once daily vs exenatide 10 mcg twice daily in 634 T2DM patients inadequately controlled with metformin alone (mean baseline HbA1c 8%), lixisenatide was no inferior to exenatide (mean change HbA1c -0.79% vs -0.96% with exenatide)[187].
Lixisenatide has been also used in combination with basal insulin therapy[188-190]. In a 24-wk double-blind trial, in 495 patients with T2DM not controlled with insulin glargine and metformin (mean HbA1c 8.4%), HbA1c reduction was significantly greater in the lixisenatide group compared to placebo (-0.6% vs -0.3%).

Liraglutide: Liraglutide is a human RA-GLP1, obtained through modifications of the human GLP1, with a large half life, which is administered once a day. Is available for use as monotherapy (adjunct to life style changes) or in combination with oral agents and basal insulin in adults with T2DM. The initial dose is 0.6 mg once daily subcutaneously the first week; and after the dose should be increased to 1.2 mg; and if HbA1c remain above the goal range the dose can be increased to 1.8 mg. It can be administered at any time of the day, with or without meals. 
In clinical studies, administration of liraglutide (0.6-1.8 mg/d), alone or added to other antidiabetics agents, resulted in a reduction in HbA1c between 0.6%-1.6%. In a 52-wk trial of monotherapy with liraglutide (1.2 or 1.8 mg) vs glimepiride (8 mg) in 746 patients with recently diagnosed T2DM, the proportions of patients achieving an HbA1c ≤ 7% were 43%, 51% and 28%, respectively. Reductions in HbA1c were significantly greater with liraglutide 1.2 and 1.8 mg (-0.84% and -1.14% vs -0.51% with glimepiride). In addition, the HbA1c reduction with liraglutide (1.8 mg) was higher than that with other doses[191]. In another 26-wk double-blind trial, 413 T2DM patients not controlled with basal insulin and metformin were randomly assigned to exchange basal insulin with insulin degludec or insulin degludec plus liraglutide; all patients continued metformin[192]. The reduction in HbA1c was significantly greater in the degludec-liraglutide group (treatment difference -1.1%). The mean reduction in weight with degludec-liraglutide was 2.7 kg vs no change with degludec alone.

Exenatide LAR: Administration of exenatide LAR was proved more effective than highest dose of exenatide twice-daily[193,194], sitagliptin and pioglitazone[195], and insulin glargine[196] in T2DM patients treated with oral hypoglycaemic agents. Is available for use as adjunct to lifestyle changes to improve glycaemic control in T2DM. The usual dose is 2 mg subcutaneously once weekly at any time of the day with or without meals.

Albiglutide: It is a RA-GLP1 with a half-life of five to seven days, which allows once-weekly administration. It is available for use as monotherapy or in combination with oral agents or basal insulin. Is available in prefilled pen that contain a powder (30 or 50 mg), and a diluent to make a solution that is injected subcutaneously once weekly. The initial dose is 30 mg, and if after 6-8 wk blood glucose remain above the goal, the dose can be increased to 50 mg
Albiglutide has been studied as monotherapy and in combination with one or two oral agents (metformin, pioglitazone, sulfonylureas and insulin). As examples: In a one-year trial of albiglutide vs insulin glargine in 779 T2DM patients inadequately controlled with metformin (with or without a sulfonylurea), the mean HbA1c reduced from 8.28% to 7.62% in the albiglutide group and from 8.36% to 7.55% in the glargine group[197]. Albiglutide met its pre-specified non-inferiority margin; however the comparison should be interpreted with caution because the dose of glargine was not systematically up titrated. Glargine was significantly more effective than albiglutide in reducing fasting blood sugar. In another two-year trial of weekly albiglutide vs daily sitagliptin, daily glimepiride, and weekly placebo in patients with T2DM inadequately controlled with metformin (mean HbA1c 9.1% to 8.2%), the reduction in HbA1c from baseline among the four groups was -0.6%, -0.3%, -0.4%, and +0.3%, respectively[198]. Although statistically significant, the mean reduction in HbA1c from baseline in the albiglutide group compared with the sitagliptin and glimepiride groups was small and of uncertain clinical relevance.

Dulaglutide: It is the last RA-GLP1 in appear. It has a structure that gives it the properties of slow absorption and reduced renal clearance rate. It is available for use as monotherapy or in combination with oral agents or insulin, in a ready-mixed pen at dose of 0.75 mg in monotherapy once weekly or 1.5 mg in combination, once weekly.
It has been compared with other antiabetic agents such metformin, iDPP4, insulin and other RA-GLP1, with a reduction in HbA1c ranging from -0.78% to -1.51%. In a 52-wk trial of weekly dulaglutide (0.75 or 1.5 mg weekly) vs sitagliptin in 1098 T2DM patients not controlled with metformin, the reduction in mean HbA1c was significantly greater with either dose of dulaglutide (mean HbA1c reduced from 8.2% to 7.3% with dulaglutide 0.75 mg weekly, from 8.1% to 7.0% with dulaglutide 1.5 mg weekly, and from 8% to 7.6% with sitagliptin)[199]. The mean change in body weight was significantly better with dulaglutide (-2.6 kg and -3 kg vs -1.53 kg with sitagliptin).

Precautions and side effects: All RA-GLP-1 should not be used in patients with history of pancreatitis and are not approved for use in type 1 diabetes mellitus. Exenatide and lixisenatide should not be utilized in patients with an eGFR < 30 mL/min and with severe gastrointestinal disease. Liraglutide, albiglutide and dulaglutide should not be used in patients with personal or family history of medullary thyroid cancer or multiple endocrine neoplasia 2A or 2B.
The mayor side effect are gastrointestinal, particularly nausea, vomiting and diarrhoea. It appears with lower frequency with exenatide LAR or lixisenatide than exenatide twice daily; albiglutide had lower rates than liraglutide and liraglutide and dulaglutide are similar. The risk of hypoglycaemic events is small, and may occur when RA-GLP-1 is given in conjunction with other treatments that cause hypoglycaemia, e.g., basal insulin, sulfonylureas.
Injection site reactions are more common with RA-GLP-1 than with insulin. Between RA-GLP1 are more common with exenatide LAR and with albiglutide. These reactions can be abscess, cellulitis and necrosis with or without subcutaneous nodules. Antibodies to RA-GLP1 may occur. In the majority of patients, the titre of antibodies decreases over time and does not affect glycaemic control. In a meta-analysis of 17 trials, the proportion of patients with antibodies against RA-GLP1 was higher in the albiglutide group compared with placebo (6.4% albiglutide 30 mg weekly vs 2% with placebo)[200].

Head-to-head comparisons of RA-GLP1: They have been published 9 phase III clinical trials, comparing different pairs of RA-GLP1[201]. One of them is with taspoglutide: T-emerge 2; we are not going to include it in the present review because it development was halted because of serious hypersensitivity reactions and gastrointestinal adverse events. 
DURATION-1[193]: Exenatide twice daily vs exenatide LAR. Duration: 30wk. Inclusion criteria: ≥ 16 years, therapy with lifestyle changes, or with 1-2 oral agents (metformin, sulfonylureas and/or TZD), HbA1c 7.1%-11.0%, fasting plasma glucose < 16 mmol/L, and BMI 25-45 kg/m2.
DURATION-5[194]: Exenatide twice daily vs exenatide LAR. Duration 24 wk. Inclusion criteria: ≥ 18 years, therapy with lifestyle changes, or with metformin, sulfonylureas, TZD or a combination, HbA1c 7.1%-11.0%, fasting plasma glucose < 15.5 mmol/L, and BMI 25-45 kg/m2.
DURATION-6[202]: Exenatide LAR vs liraglutide once daily. Duration 26 wk. Inclusion criteria: ≥ 18 years, therapy with lifestyle changes and oral agents (metformin, sulfonylureas, metformin + sulfonylureas or metformin + pioglitazone), HbA1c 7.1%-11.0%, and BMI ≤ 45 kg/m2 and stable body weight.
LEAD-6[203]: Exenatide twice daily vs liraglutide once daily. Duration 26 wk. Inclusion criteria: 18-80 years, treated with metformin, sulfonylureas or both, HbA1c 7.0%-11.0%, and BMI ≤ 45 kg/m2.
GetGoal-X[188]: Exenatide twice daily vs lixisenatide once daily. Duration 24 wk. Inclusion criteria: 21-84 year, therapy with metformin, and HbA1c 7.0%-11.0%.
HARMONY 7[204]: Albiglutide once weekly vs liraglutide once daily. Duration 32 wk. Inclusion criteria: ≥ 18 years, therapy with metformin, sulfonylureas, TZD or a combination, HbA1c 7.0%-10.0%, and BMI 20-45 kg/m2.
AWARD-6[205]: Dulaglutide once weekly vs liraglutide once daily. Duration 26 wk. Inclusion criteria: ≥ 18 years, therapy with metformin, and HbA1c 7.0%-10.0%.
Kapitza et al[206]: Lixisenatide once daily vs liraglutide once daily. Duration 28 wk. Inclusion criteria: 37-74 years, therapy with metformin, and HbA1c 6.5%-9.0%.
Effects on HbA1c: In the DURATION-1 and DURATION-5 exenatide LAR produced more consistent and greater reductions in HbA1c than exenatide twice daily. In the GetGoal-X exenatide twice daily showed greater HbA1c reduction than lixisenatide. Liraglutide in LEAD-6 and DURATION-6 reach greater HbA1c reductions tan exenatide twice daily or exenatide LAR, and in HARMONY 7 shows also greater reductions tan albiglutide. Liraglutide and dulaglutide did not differ in AWARD-6 study.
Effects on weight: It varies among RA-GLP1 and studies. In DURATION-1 and DURATION-5, there were no significant differences in weight loss between the two exenatide preparations. In LEAD-6, liraglutide and exenatide twice daily loss similar weight as in GetGoal-X study, between exenatide twice daily and lixisenatide, the difference was non-significant. Only in AWARD-6 and in the study by Kapitza et al[206], liraglutide revealed significantly greater reductions than dulaglutide and lixisenatide.
Cardiovascular effects: Improvements in both systolic and diastolic blood pressure have been reported in clinical trials; however in these head-to-head trials there were no statistically significant differences between treatments. Increases in resting heart rate have been reported. With exenatide twice-daily the heart rate increases, but it is lower than with exenatide LAR or liraglutide; dulaglutide is similar to liraglutide. With lixisenatide and albiglutide has not shown an increase in heart rate.

Insulin
Insulin is utilized in the treatment of patients with all types of diabetes[207]. Human insulin preparations (NPH and regular insulin) do not imitate endogenous insulin secretion (basal and postprandial). Then, insulin analogues (aspart, lispro, glulisine, detemir, glargine, degludec and U-300) were developed. They have increased the ﬂexibility and efﬁcacy of diabetes management. The very rapid-acting insulin analogs have both: Faster and shorter duration of action than regular insulin for pre-meal coverage, while the long-acting analogs have a longer duration of action allowing once-daily dosing; also shows less day-to-day variability[208] (Table 5).

Insulin preparations: Long-acting insulins (glargine and detemir), and ultra-long-acting insulins (degludec and Glargine U-300) can be combined with rapid-acting insulins (aspart, lispro or glulisine) in basal bolus therapy.
Insulin glargine and human insulin are the same except for a substitution of glycine for asparagine in position A21 and by the addition of two arginine molecules in the B-chain of the insulin molecule[209]. These modifications originate a change in the pH such that, after administration, glargine precipitates in the subcutaneous tissue making hexamers, which delays absorption and extends duration of action. Glargine has a duration of action that usually lasts 24 h. Glargine cannot be mixed with rapid-acting insulins as the kinetics of both the rapid acting insulin and glargine and will be modified.
Insulin detemir is another insulin analog developed by removing a threonine an acylating a lysine with 14-carbon fatty acid; the fatty acid side chain allows albumin binding and results in prolongation of action. Clinical trials in patients with type 1 diabetes have suggested that twice-per-day injections may be necessary to achieve acceptable basal rate coverage and optimal glycaemic control[210]. In T2DM, where endogenous insulin secretion may mask any deficiencies in basal insulin, the data are less clear. Nevertheless the duration of action is dose-dependent; at higher doses mean duration of action is longer. Detemir cannot be mixed with rapid-acting insulins.
When glargine and detemir are administered in high doses, both show a peak on pharmacokinetic and pharmacodynamics profile[211]; also there is still interindividual variability and low doses are insufficient to cover a 24-h period[212]. Therefore, new ultra-long insulins were developed: Degludec, glargine U300 and LY2605541 (PEGylated Lispro). Lilly had discontinued the development of the last one because of hepatic lipid accumulation.
Insulin degludec is a modified B chain analogue that forms hexamers and di-hexamers when is administrated. Compared with other long-acting insulins (glargine and detemir), the insulin degludec profile is flatter with a half life greater than 25 h, and action that exceeds 42 h, which results in a reduction of confirmed and nocturnal hypoglycaemias[213]. Glargine U300 is the same glargine molecule concentrated three times; so it has the same mechanism to slow its absorption as insulin glargine.
At present there are no head-to-head comparisons of insulin degludec and Glargine U-300. We are going to analyse clinical trials of both of them but comparisons between them should not be make because the studies are different: for example hypoglycaemia definition use in degludec is plasma glucose threshold of 3.1 mmol/L (55.85 mg/dL) and in Glargine U-300 is 3.9 mmol/L (70.26 mg/dL).

Clinical trials in T2DM: BEGIN basal-bolus type 2 study is a 52-wk, randomised, treat-to-target, parallel-group, open-label, non-inferiority trial. Compared the efficacy and safety of once-daily insulin degludec with once-daily insulin glargine in a basal-bolus regimen with mealtime insulin aspart, with or without metformin, pioglitazone, or both in participants with T2DM[214]. After 1 year, HbA1c decreased by 1.1% in the degludec group and 1.2% in the glargine group. Rates of overall confirmed hypoglycaemia (plasma glucose < 55 mg/dL) were lower with degludec, as well as rates of confirmed nocturnal hypoglycaemia. These results were maintained in a 26-wk extension of this study with fewer hypoglycaemic episodes (24% overall reduction and 31% confirmed nocturnal episodes reduction)[215].
BEGIN Once Long was a 1 year phase 3 trial with type 2 insulin naive patients not controlled with oral hypoglycaemic agents. Again insulin degludec shows non inferiority in reducing HbA1c, and demonstrate a lower rate of nocturnal hypoglycaemia compared with glargine[216].
EDITION 1, 2 and 3[217-219] evaluated Gla-U300 in T2DM patients through 6 mo. The primary endpoint in the three studies was meeting the non-inferiority criterion in reduction HbA1c levels; which is confirmed in all studies; and the secondary endpoint was the percentage of patients with one or more confirmed or several nocturnal hypoglycaemias between week 9 and month 6. In EDITION 1 fewer patients reported one or more conﬁrmed (< 3.9 mmol/L or < 70 mg/dL) or severe nocturnal hypoglycaemic events between week 9 and month 6 with Gla-U300 [36% vs 46% with Gla-U100; relative risk 0.79 (95%CI: 0.67-0.93); P < 0.005]. In EDITION 2, again the percentage of patients with nocturnal hypoglycaemia was lower in those with Gla-U300 than with Gla-U100 with a risk reduction of 23%. In EDITION 3, the percentage of patients with nocturnal hypoglycaemia was statistically similar in patients with Gla-U300 and Gla-U100.
In conclusion, insulin degludec showed similar efficacy in reducing HbA1c to insulin glargine, with a decreased risk of confirmed and nocturnal hypoglycaemia. 

OTHER TREATMENTS
Colesevelam
Colesevelam is a bile acid sequestrant that reduces LDL cholesterol in patients with hypercholesterolemia. 

Mechanism of action: Possibly colesevelam interferes glucose absorption at gastrointestinal level.

Efficacy: In T2DM patients not controlled, colesevelam added to treatment of oral hypoglycaemic agents or insulin resulted in a reduction of HbA1c levels of 0.5%[220-222].

Side effects: nausea, constipation and dyspepsia are frequent side effects. Also increases triglyceride concentrations by approximately 20%. We do not recommend colesevelam to treat T2DM patients due the modest glucose-lowering effectiveness, expense, and limited clinical experience.

Bromocriptine
Bromocriptine is a dopamine agonist that has been used for the treatment of hyperprolactinemia and Parkinson disease. 

Mechanism of action: The mechanism of action in reducing blood glucose is unknown. A quick release formulation of bromocriptine (Cycloset) was approved by the FDA for the treatment of T2DM[223]. 

Efficacy: In short-term clinical trials in T2DM patients, bromocriptine (up to 4.8 mg daily) as monotherapy or added to sulfonylureas reduce HbA1c compared with placebo in 0.4%-0.5%[223,224].

Side effects: Nausea, vomiting and headache[225] are frequent side effects. We do not recommend bromocriptine to treat T2DM patients due its glucose lowering effect and very frequent side effects.

Pramlintide
Pramlintide is an amylin analog that is administered by mealtime subcutaneous injection. It is available for use for both T1 and insulin-treated T2DM; is only be used in patients also taking prandial insulin. Pramlintide replicates amylin actions and controls glucose without causing weight gain.

Mechanism of action: Pramlintide control postprandial blood glucose levels by slowing gastric emptying, promoting satiety, and reducing the postprandial glucagon increase in patients with diabetes[226]. The effects are glucose-dependent. Pramlintide does not cause hypoglycaemia in the absence of therapies that may cause hypoglycaemia. Supraphysiologic doses of pramlintide do not provoke hypoglycaemia in normal subjects, and pramlintide does not interfere with recovery from insulin-induced hypoglycaemia[227].

Efficacy: There are several randomized controlled trials in T2DM that shows its efficacy; for example when added pramlintide to existing insulin therapy with or without a sulfonylurea or metformin, reductions in HbA1c (mean 0.62%) and weight (1.4 kg) were seen with 120 mcg but not 90 mcg of pramlintide given twice daily[228]. In a 24-wk trial or without oral agents had similar glycaemic efficacy as the addition of premeal rapid acting insulin analogs (HbA1c reduction of approximately 1%)[229]. Patients randomly assigned to pramlintide maintained their weight, whereas those assigned to rapid acting insulin gained weight (mean 4.7 kg). Pramlintide was associated with fewer hypoglycaemic events compared with prandial insulin. In addition to modest reductions in HbA1c and body weight, pramlintide has been associated with reductions in postprandial glucose excursions and in surrogate markers of cardiovascular risk and oxidative stress[230,231].

Side effects: The most frequent side effect is nausea and generally dissipates by four weeks. Pramlintide should not be administered to patients with severe hypoglycaemia unawareness. Pramlintide should only be administered before meals that contain at least 250 calories or 30 g of carbohydrates. The recommended initial dose for T2DM is 60 mcg, titrated upward as tolerated to 120 mcg with each meal.

TREATMENT OF T2DM IN OLDER PATIENTS
Elderly people with diabetes have a risk of developing macrovascular and microvascular complications, similar to that of younger patients with diabetes. In addition, they have a higher rate of lower limb amputations, and other complications than any other age group[232,233]; and those ≥ 75 years have a higher rate of most complications than those between 65 and 74 years. Older people > 75 years have a significant increase in death by hypoglycaemia, and visits to the emergency room for hypoglycaemia, compared to the general population with diabetes[234]. 
Therefore, older people with diabetes have a number of characteristics that will influence their treatment, such as[235]: (1) Presence of high co-morbidities; (2) Presence of cognitive and functional impairment (falls); (3) Polypharmacy; (4) Visual and hearing impairment; (5) Decreased physical activity; (6) High risk of hypoglycaemia; (7) Common situations of social isolation and dependence. Depression; (8) Nutrition-related problems; and (9) Heterogeneity in terms of clinical presentation of the diabetes (diabetes duration, co-morbidities, functional status, life expectancy).
Based on all the above, the treatment of diabetes in the elderly people should achieve the following objectives: (1) To avoid disability, ensuring the best quality of life; (2) To avoid side effects of treatment, especially the most associated with impaired quality of life such as hypoglycaemia and falls; and (3) To have a global vision of the patient, introducing competitive risks in the decision-making process.
The initial treatment of T2DM in elderly patients is similar to that of younger patients, and includes changes in the lifestyle, with weight reduction, although most of elderly patients with T2DM will need drug treatment throughout his life.

Lifestyle modification
Changes in lifestyle are very important in the treatment of diabetes at any age, but they deserve special considerations for the elderly. In the Diabetes Prevention Program, people < 60 years of age improved their glycaemic control over time, due in part to better adapt to changes in lifestyle, compared with other younger age groups[236,237].

Nutritional needs: Although calorie needs decrease with age, macronutrient needs will be similar throughout adulthood. Older people with diabetes are at risk of malnutrition from anorexia, altered taste and smell, difficulty swallowing, oral and dental problems, and functional alterations; major difficulties in the preparation and consumption of food. The Mini Nutritional Assessment (MNT), a questionnaire designed to detect malnutrition, is very easy to use and has proved useful in diabetics elderly patients[238]. 
Nutritional recommendations should take into account the customs of the patients, their preferences and their personal goals and skills. When the regular intake does not meet the nutritional needs, a number of modifications, such as recommending fewer meals but more frequent, change the texture of foods, fortifying common foods, or add nutritional supplements between meals will be necessary. Overweight and obesity are common among the elderly. BMI is not useful in some older people due to changes in body composition with age[239]. Sarcopenia can occur in either overweight or underweight elderly. Moreover, obesity is often accompanied by decreased physical activity and increased frailty[240]. The unintentional weight loss in overweight or obese older people could worsen sarcopenia, bone mineral density and nutritional deficits[241,242]. Strategies that combine physical activity with nutritional therapy in older patients with diabetes, will lead to improved physical performance and a reduction of cardiometabolic risk[240,241].
The caloric intake in the elderly should be between 25 and 35 kcal/kg per day[243]. Protein should provide 15%-20% of total calories, fat 30% maximum, avoiding saturated fats and trans fats, and promoting the consumption of monounsaturated fats and omega 3 fatty acids, and carbohydrates 50%-55% based on complex carbohydrates. A dietary fiber intake of about 14 g/1000 kcal is recommended, and they may also require calcium and vitamin D and vitamin B12 supplements. Fluid intake should be 30 mL/kg per day, with a minimum intake of 1500 mL/d, which may be increased in situations such as fever, infections, high temperatures, or excessive losses in urine and feces; or decreased in case of advanced renal insufficiency, or in states of fluid retention such as heart failure and liver cirrhosis[243].

Physical activity: In older people with diabetes, muscle mass and strength decrease with age, worsening by complications of diabetes, co-morbidities and hospitalizations. People with diabetes of long duration and high levels of HbA1c, have less muscle strength per unit of muscle mass, that people without diabetes of similar age and BMI, and that people with diabetes of short duration and better glycaemic control[244]. Increased physical activity will improve the functional status of the elderly with or without diabetes[245]. In the elderly, mild physical activity is related with increased physical health and psychosocial well-being[246], so that in these people with diabetes, healthy, it is recommended to perform the same exercise as other adults with diabetes[42]. Older patients with poorer health, will benefit even a modest increase in physical activity. Finally, patients at risk of falls should be referred to a physiotherapist for muscle and exercise balance.

Pharmacologic treatment
Older patients have an increased risk of adverse events related to drugs due to pharmacokinetic changes as decreased renal elimination, and pharmacodynamics changes, age related, such as increased sensitivity to certain medications, which can affect at their disposal. These changes may result in an increased risk of hypoglycaemia, the need to reduce the dose of certain medicines and monitor renal function to minimize adverse effects[247,248]. It is important to select drugs with a strong benefit/risk ratio, to provide efficacy, persistence and safety of treatment. Usually, in older people with diabetes is recommended to start treatment with antidiabetic at low doses, and titrate the dose progressively according to response, without reaching the maximum dose, due to the risk of increased side effects without increasing efficiency[249]. 
Knowledge of the advantages and disadvantages of each family of antidiabetic drugs will help clinicians individualize treatment of elderly patients with T2DM[6].

Metformin: Metformin remains the drug of choice for first-line treatment of T2DM in any age group, including the elderly. Its low risk of hypoglycaemia, its potential benefits in patients with stable cardiovascular disease[250] or heart failure, and its low cost, makes it a beneficial drug for older people. However its side effects such as gastrointestinal intolerance, vitamin B12 deficiency and weight loss, do not recommend its use in frailty patients. Although the risk of lactic acidosis is minimal, it is recommended to monitor renal function frequently, reduce the dose if the eGFR is between 30-60 mL/min[242], and do not use it with eGFR < 30 mL/min[249-251]. Moreover, metformin should not be used in situations of tissue hypoxia, acute intercurrent disease, respiratory failure, acute heart failure, hepatic failure, administration of iodinated contrast, and risk of functional renal impairment (vomiting, diarrhoea). It is recommended to start with a low dose of 425 mg/d and titrate up to 1700 mg/d maximum, because with higher doses does not increase efficiency but increases side effects.

Sulfonylureas: They are also cheaper drugs, but due to its high risk of hypoglycaemia, should be utilized carefully in elderly. Hypoglycaemia appears more frequently with long-acting sulfonylureas such as chlorpropamide, glibenclamide and glimepiride, especially in older adults who develop severe and prolonged hypoglycaemia. We must stop using long-acting sulfonylureas in older adults[252], being preferable the use of shorter-acting sulfonylureas such as gliclazide and glipizide[253]. Circumstances that influence the occurrence of sulfonylureas-induced hypoglycaemia in the elderly are: (1) After exercise; (2) Missed meals, eat poorly, without meal time, or abuse alcohol; (3) Existence of impaired renal or cardiac function or intercurrent gastrointestinal disease; (4) After being in the hospital[254]; and (5) By associating salicylates, sulfonamides, fibric acid derivates such as gemfibrozil, and warfarin[255].
On the other hand, these drugs produce weight gain, and its use is limited in renal failure because of the high risk of hypoglycaemia. Furthermore, the large amount of drug interactions, interfere their use in the elderly.

Meglitinides: Repaglinide and nateglinide are designed to control postprandial glycaemia, so that its duration is short and they require more frequent administrations with meals than sulfonylureas. Moreover, are more expensive, which limits its use in older people, especially in patients with polypharmacy. They lead a lower risk of hypoglycaemia than sulfonylureas[256], especially in patients who do not a set meal schedule[72], but they have a similar risk for weight gain. In addition, repaglinide, for its mainly biliary elimination, can be utilized in patients with moderate or advanced renal impairment[257], and could be utilized as first-line in patients with impaired renal function when they are intolerant to metformin and sulfonylureas, or are contraindicated. It should not be associated with drugs that act by activating or inhibiting cytochrome P450, such as gemfibrozil, because of the high risk of hypoglycaemia. 

Alpha-glycosidase inhibitors: Acarbose and miglitol are drugs that are intended to control postprandial blood glucose, with low risk of hypoglycemia, which are theoretically attractive to treat older people[258]. However gastrointestinal effects, low efficiency, more frequent daily doses, and cost limit their use. They can alter the levels of digoxin and acenocumarol.

Thiazolidinediones: Although TZD do not increase the risk of hypoglycaemia, and pioglitazone may be beneficial in patients in secondary prevention[259], the high cost and side effects that induce as weight gain, macular oedema, fluid retention, increased risk of heart failure and bone fractures, and possible risk of bladder cancer[260], limit their use in the elderly[261].

DPP-4 inhibitors: iDPP4 inhibitors are once-a-day oral agents which can be used safely in elderly patients. They are very beneficial agents for the treatment of T2DM in the elderly since they control both basal and postprandial hyperglycaemia, with good tolerability, low risk of hypoglycaemia, and without significant drug interactions, or weight gain. These agents do not require dose adjustment in patients with advanced age. Although vildagliptin has demonstrated efficacy and safety in patients ≥ 75 years[262], data safety in these patients is very limited. Linagliptin do not require dose adjustment in patients with renal impairment; vildagliptin at doses of 50 mg/d can be employed at any degree of renal failure; saxagliptin half-dose (2.5 mg/d) can be used in ESRD; and sitagliptin dose should be adjusted to the degree of renal insufficiency: 50 mg/d if the eGFR is between 30-50 mL/min, and 25 mg/d if < 30 mL/min. Finally, vildagliptin requires monitoring of liver function.

Sodium-glucose co-transporter 2 inhibitors: The iSGLT2 dapagliflozin, canagliflozin and empagliflozin, represent a new class of oral hypoglycaemic agents that increase the urinary excretion of glucose. This effect results in lower blood glucose levels in an insulin-independent manner, with a lower risk of hypoglycaemia, as well as mild diuresis[263]. The increase in glycosuria and diuresis produced, results in a reduction in weight and blood pressure. Because of these actions can be very attractive in the treatment of T2DM in the elderly[264,265]. However should not be utilized with an eGFR < 60 mL/min. Moreover, by inducing osmotic diuresis may increase the risk of dehydration, electrolyte abnormalities and weight loss that could limit its use in frail elderly patients. A common side effect of iSGLT2 is an increased incidence of genital and urinary infections, so they must be used with caution in elderly patients at increased risk of developing these infections or those with urinary incontinence[266].

Glucagon-like peptide-1 receptor agonists: The RA-GLP1 exenatide, liraglutide, lixisenatide, albiglutide and dulaglutide, will control both basal and postprandial hyperglycaemia with a low risk of hypoglycaemia. The drug-related effects such as nausea, vomiting, decreased appetite and weight loss can be a problem for frail elderly patients; however may be an option in those not vulnerable, obese elderly patients with good performance status where weight loss is a priority[200], as in those with knee osteoarthritis, sleep apnoea syndrome, hypoventilation, etc. Its use is not recommended in patients with an eGFR < 50 mL/min. There is little experience in patients ≥ 75 years, and its high cost and subcutaneous administration will limit its use in older patients.

Insulin: Insulin treatment can be utilized to achieve the goals of glycaemic control in selected older patients with T2DM, with similar efficacy and risk of hypoglycaemia than in younger patients. Before prescribing insulin in elderly subjects, we should think about the risk of hypoglycaemia related with this agent. The use of multiple daily injections of insulin, or by continuous subcutaneous insulin infusion in healthy elderly patients (mean age 66 years), has proven to be effective with a low rate of hypoglycaemia[267]. Also, the addition of long-acting insulin in elderly patients with T2DM (mean age 69 years) was as effective in achieving the HbA1c goals, without increased rate of hypoglycaemia, than in younger people (mean age 53 years)[268]. However there are few publications on the use of these insulin regimens in patients ≥ 75 years or in elderly patients with several co-morbidities, and/or a functional limitation. Visual or manual dexterity problems can be difficult to insulin therapy in some older patients. The use of insulin delivery devices will facilitate this work, selecting the one that best suits the skills and abilities of the patient. The risk of hypoglycaemia and weight gain will be lower with the use of insulin analogues compared to human insulins, and are preferred in elderly, despite their higher cost[208,269], especially if there is a high risk of hypoglycaemia as in the frail or institutionalized elderly. Also, when necessary, the insulin analogs are preferable to short regular human insulin, due to its lower rate of hypoglycaemia[270]. Insulinization, especially in frail elderly, should start with a single daily dose of long-acting insulin (0.1-0.2 IU/kg), lower than in younger patients, to avoid hypoglycaemia. Figure 1 shows the International Diabetes Federation Global Guidelines for managing older people with T2DM[271].

TREATMENT OF T2DM IN PATIENTS WITH CKD
Before choosing a hypoglycaemic agent, we must consider the existence of an impairment renal function (Figure 2). Management of T2DM in patients with renal impairment is a complex process that requires a comprehensive approach. Clinicians must be aware that as renal function worsens, abnormalities in glucose homeostasis develop, affecting secretion, clearance, and peripheral tissue sensitivity to insulin[272]. CKD diagnosis adds risk factors for hypoglycaemia to those already present in patients with diabetes due to accumulation of uremic toxins, which lead to lower hepatic and renal insulin degradation, and also as a result of decreased renal gluconeogenesis, uremic malnutrition, and deficient catecholamine release[273]. Some of the additional factors are altered drug metabolism, drug-drug interactions, albuminuria, autonomic neuropathy, anorexia, malnutrition, infections, problems linked to dialysis, related cardiac and hepatic disease, and impaired renal glucose release[274,275]. On the other hand, both hypoglycaemia and CKD are related with increased morbidity and mortality from cardiovascular disease[276-278]. Many drugs are available for treatment of T2DM. Although all drugs can be utilized in patients with mild renal impairment[6,279], therapeutic choices for patients with moderate to severe CKD and ESRD are reduced, since drug or metabolite accumulation may occur due to a reduced GFR resulting in increasing side effects. In this case, some drugs are not recommended, while others can be used with dose adjustment.

Pharmacologic treatment
Metformin: The incidence of lactic acidosis in the setting of metformin therapy is low, and the drug is not necessarily responsible when lactic acidosis occurs in patients taking this medication[65]. Although drug levels are higher in those with kidney disease, levels are still maintained largely within the therapeutic range[280,281] and lactate levels are not substantially increased when metformin is utilized in those with reduced GFR`[282-285]. The recommendations for use of metformin based on eGFR are shown in Figure 3[247]. However, the main problem for metformin treatment in CKD patients is the prevention of intoxication. Dosage guidelines for CKD patients have recently been published[286]. These recommend the following maximum daily doses related to creatinine clearance: 3 g (120 mL/min); 2 g (60 mL/min); 1 g (30 mL/min); 500 mg (15 mL/min). Moreover, Inzucchi et al[279] have proposed a possible approach to metformin prescribing in the setting of CKD. The physician contemplating metformin treatment in a CKD patient should also address other problems. He should be advised to temporarily cease therapy if he develops sudden weight loss or acute illness, particularly if accompanied by vomiting and diarrhoea. X-ray contrast can occasionally cause acute renal insufficiency. In accordance with recent guidelines[287], patients with an eGFR < 45 mL/min should stop metformin 48 h before contrast investigations, and restart 48 h after. Other contraindications, e.g., liver disease and pregnancy, remain.

Sulfonylureas: Sulfonylureas can cause unregulated insulin release and lead to severe hypoglycaemia that can be particularly serious in the presence of CKD[288], due to the accumulation of active metabolites. Long-acting sulfonylureas like glyburide and chlorpropamide are more notorious for causing hypoglycaemia[289]. Shorter-acting sulfonylureas as glimepiride, glipizide and gliclazide agents are relatively safe and preferred in patients with CKD[290]. Major therapeutic considerations of sulfonylureas in patients with CKD and diabetes are[279,291-293]: (1) Glibenclamide should be prescribed with caution in patients with an eGFR 60-90 mL/min, and cannot be used in patients with an eGFR < 60 mL/min; (2) Glimepiride can be utilized in patients with an eGFR of < 60 mL/min, and dosage adjustment is required if the eGFR is < 30 mL/min. Begin at 1 mg daily or switch to another drug if the eGFR is < 15 mL/min; (3) Gliclazide is less than 1% excreted unchanged by the kidneys and does not have active metabolites[294]. It is recommended in subjects with an eGFR of 30-60 mL/min, need to reduce dose if the eGFR is < 30 mL/min, and it’s not recommended if the eGFR is < 15 mL/min; and (4) Glipizide does not increase hypoglycaemia in patients with CKD. Can be utilized in all stages of CKD with caution and with dose reduction.

Meglitinides: Both repaglinide and nateglinide are primarily metabolized in the liver, and generally, dose adjustment is not required for either of these agents. Therefore, their risk of hypoglycaemia is lower, and they are more effective for postprandial glycaemic control. Thus, at first, they may be employed in patients with CKD, without dose adjustment[295]. Repaglinide is mostly metabolised by the liver and could therefore be utilized in patients with low renal function, although some dose adjustment is required[296]. Nateglinide is rapidly degraded by the liver to mostly inactive or weakly active metabolites which are eliminated in the urine[297], also so can be considered patients with poor renal function, again with dose reduction. In conclusion, repaglinide and nateglinide can be prescribed in all stages of CKD with caution and dose reduction is necessary if the eGFR is < 30 mL/min[279,291,297,298].

Alpha-glucosidase inhibitors: As only less than 2% of an oral dose of acarbose was absorbed as active drug, patients with an eGFR < 25 mL/min attained increases about fivefold higher for peak plasma concentration of acarbose and six fold higher for AUC values than subjects with normal renal function[95]. Miglitol is systematically absorbed but is no metabolized, and is rapidly eliminated by renal excretion as unchanged drug[299]. Patients with an eGFR < 25 mL/min taking miglitol 25 mg three times daily showed a twofold increase in miglitol plasma levels when compared with patients with an eGFR > 60 mL/min[300]. Voglibose, an alpha-glucosidase inhibitor only commercialized in Japan, has no renal excretion, and two studies showed that it can be safely utilized in diabetic patients on haemodialysis, in combination with pioglitazone or mitiglinide[300,301]. In conclusion, alpha-glucosidase inhibitors acarbose and miglitol cannot be used if the eGFR is < 25 mL/min or the serum creatinine level is > 2 mg/dL[279,291,293,302], while voglibose can be used in all stages of CKD including haemodialysis[300,301].

Thiazolidinediones: Pioglitazone and rosiglitazone (only available in United States) are mainly metabolized in the liver and although a significant amount of active metabolites are eliminated in the urine; there is no need dose adjustment for either of these agents for patients with CKD[303]. However, both TZD cause fluid retention and increase the risk of heart failure, a problem that may be worse in patients with CKD. Although no dose adjustment in patients with CKD stages 3 to 5 is recommended[290], its use in patients with CKD should be balanced with the possibility of worsening of fluid retention and fractures, the latter particularly in patients with underlying bone disease[290,304,305].

DPP-4 inhibitors: iDPP4 are effective at lowering HbA1c in T2DM patients with moderate to severe renal impairment[304]. All iDPP4 differ in their renal excretion and therefore should be handled differently in patients with impairment renal function. Results from dedicated pharmacokinetics studies in subjects with various degrees of renal impairment suggest that the daily doses of all iDPP4 except linagliptin should be adjusted according to eGFR[305]. Several studies have demonstrated that the glucose-lowering efficacy is maintained while a good safety profile when reduced doses of these gliptins are utilized in patients with renal impairment[306-309]. On the other hand, linagliptin not require any dose adjustment in case of renal impairment, because is mainly excreted by the biliary route[310], and can be used in patients with all degrees of CKD[311]. Sitagliptin is largely excreted unchanged in the urine (87%) or via the feces (13%). No dose adjustment is necessary in patients with an eGFR > 50 mL/min, and can be utilized with dose reduction in patients with moderate to severe renal impairment[279,291,292,312]. The dose should be reduced by half in patients with an eGFR 30-50 mL/min, and a quarter in those with an eGFR < 30 mL/min or requiring dialysis. Around 80% of vildagliptin dose is metabolised mostly in the kidneys into non-active metabolites which are then renally excreted (85%) or recovered in the feces (15%)[313]. Vildagliptin not need dose adjustment in patients whose eGFR is > 50 mL/min and with caution in those with ESRD. The dose should be reduced by half in patients with moderate to severe renal impairment[279,291,292]. Saxagliptin is metabolised mainly in the liver to an active metabolite that is renally excreted, with approximately 20% of a dose being recovered unchanged in the urine and 20%-50% as metabolites[314]. No dose adjustment is required for patients with an eGFR > 50 mL/min, whereas the dose should be reduced by half in patients with moderate or severe renal impairment[279,291,292]. Vildagliptin can not be utilized in those on renal replacement therapy. Linagliptin is excreted almost entirely unchanged in bile, and its elimination is essentially via the feces[315]. No dose adjustment is required in patients with any stage of CKD[279,291,292] including, with caution, those requiring renal replacement therapy[316,317]. Alogliptin does not suffer appreciable metabolism and around 80% is eliminated unchanged in urine[318]. No dose adjustment is required for patients with an eGFR > 50 mL/min. Alogliptin dose adjustments are recommended for patients with moderate to severe renal impairment, including those with ESRD requiring dialysis. The dose should be reduced by half in patients with an eGFR 30-50 mL/min, and a quarter in patients with an eGFR < 30 mL/min or ESRD[279].

Sodium-glucose co-transporter 2 inhibitors: iSGLT2 decrease plasma glucose concentration by inhibiting the reabsorption of glucose by the kidney, which in turn, is a function of plasma glucose concentration and GFR. Because these agents rely on GFR to increase urinary glucose excretion, they are expected to have a decreased effect as kidney function declines. Studies examining the efficacy of iSGLT2 inhibition in patients with diabetes have been reported for a number of iSGLT2 including canagliflozin[319], dapagliflozin[320], empaglifozin[321] and ipragliflozin[322]. As expected, the efficacy of iSGLT2 decreases as kidneys function decreases[320-322]. Although renal function does not seem to be affected[141], its use in patients with moderate to severe CKD is not recommended. Dapagliflozin is not recommended if the eGFR is < 60 mL/min. In patients with an eGFR < 60 mL/min., canagliflozin and empagliflozin should not be initiated, but they may be continued in patients already taking the medications. Patients with an eGFR of 45-60 mL/min should be of the lower doses once a day, and both medications are contraindicated in patients with an eGFR < 45 mL/min., or on dialysis[139].

Glucagon-like peptide-1 receptor agonists: Due to the effect of these agents on gastric emptying, side effects are mainly gastrointestinal: Nausea, vomiting and diarrhoea. These gastrointestinal side effects with recurrent vomiting will lead to dehydration and secondary acute renal failure[323]. Exenatide is extensively renally eliminated by glomerular filtration and undergoes degradation by the kidneys to small, inactive peptide fragments[324]. There is reduced clearance in people with renal impairment[325]. Exenatide can be utilized in patients with and eGFR > 50 mL/min, whereas cannot be used in patients with an eGFR< 30 mL/min. In subjects with an eGFR of 30-60 mL/min, exenatide should only be employed with great caution and a lower doses[279,291,302]. Liraglutide is metabolised in a similar manner to large proteins, and its shows no reduced clearance in patients with renal impairment, and undergoes only minimal renal excretion[326]. No dose adjustment is required in subjects with an eGFR > 30 mL/min. Limited data are available in patients with an eGFR < 30 mL/min and ESRD, and should not be used in these populations[326]. As a peptide, lixisenatide is eliminated through glomerular filtration, followed by tubular reabsorption and subsequent metabolic degradation. No dose adjustment is recommended for patients with an eGFR > 50 mL/min, but as there is limited therapeutic experience in patients with an eGFR 30-50 mL/min, lixisenatide should be utilized with caution and is contraindicated in those with an eGFR < 30 mL/min and with ESRD[327]. Albiglutide is a protein, so the expected metabolic pathway is degradation to small peptides and amino acids by ubiquitous proteolytic enzymes. No dose adjustment is necessary in subjects with an eGFR > 30 mL/min. Limited data are available in subjects with an eGFR < 30 mL/min and should be used with caution in these populations[328]. Finally, dulaglutide is presumed to be degraded into its component amino acids by general protein pathways. No dose adjustment is recommended in subjects with renal impairment including ESRD. Limited data are available in patients with an eGFR < 30 mL/min, and should be employed with caution[329].

Insulin: Insulin is generally considered to be safe in patients with a reduced kidney function. Because of their low levels of degradation, insulin prolongs its half life when there is an impairment in kidney function[330]. As a result the risk of hypoglycaemic events is 5 times higher than in subjects without impairment renal function[331]. Almost 50% of circulating insulin is cleared by the kidney via glomerular filtration and subsequent luminal reabsorption of insulin by proximal tubular cells by means of endocytosis, or via diffusion of insulin from peritubular capillaries and subsequent binding of insulin to the contraluminal membranes of tubular cells. In insulin-treated T2DM patients, insulin doses should be reduced by 25% when the eGFR is between 10-50 mL/min, and by 50% when the eGFR is < 10 mL/min[332,333]. As for human insulin, the pharmacokinetic/pharmacodynamic profiles for insulin analogs may be influenced by many variables including renal function, although the available data are rather scarce[334]. Reduction of initial glargine/glulisine insulin weight-based dosing in hospitalized patients with T2DM and renal impairment reduced the frequency of hypoglycaemia by 50% without compromising the control of hyperglycaemia[335]. Short-acting insulin analog can also be utilized in haemodialysis patients with T2DM[336]. 
Figure 3 shows the therapeutic algorithm for the treatment of patients with T2DM and CKD, proposed by the Spanish Working Group, sponsored by several scientific societies[337].

BARIATRIC SURGERY
Bariatric surgery could be an alternative in the treatment of obesity. Candidates for bariatric surgery are patients with a morbid obesity or those with a BMI > 35 kg/m2 who also have co-morbidities, such as hypertension, T2DM or obstructive sleep apnoea. After this surgery, it was observed a metabolic response leading to decrease blood glucose with improvements or remission of diabetes. Moreover, bariatric surgery also improves the metabolic status, improving lipid profile and hypertension, thus decreasing cardiovascular risk[338].
The improvement in glycaemic control, has been observed before the achievement of clinically significant weight loss. Although there are no consistent theories to explain the early improvement in T2DM after surgery, it seems a direct consequence of gastrointestinal anatomy restructuring that produces hormonal change and decreases food intake with an acute negative calorie balance[339]. This supports the idea that “metabolic surgery” is a definition more appropriate, and it refers a bariatric surgery in patients with less grade obesity than those who are traditionally eligible for bariatric surgery[338]. Despite this, it is necessary more investigation for known entirely the relationship between metabolic effects of bariatric surgery in overweight and in patients with obesity class I.

THE FUTURE IN THE TREATMENT OF DIABETES
Unfortunately, all anti-diabetic agents have adverse effects, and are expensive. Therefore, the investigation of novel antidiabetic regimens, with less adverse effects and cheaper, is a major challenge for researchers.

Polyphenols
Natural products containing high polyphenol levels as blackberries, red grapes, apricots, eggplant, coffee, cocoa and green tea can regulate glucose metabolism through different paths, such as restoring beta-cell integrity, enhancing insulin releasing activity, and increasing cellular glucose uptake, which can improve insulin resistance[340].

Smart insulin patch
A new smart insulin patch has been created. It is a thin square covered with more than 100 tiny needles. The patch made of biocompatible materials works fast and it’s easy to use. The patch consists of small painless needles that are packed together with insulin and glucose-sensitive enzymes in microscopic storage units. The patch releases these enzymes when blood glucose increases. In a mouse model, patch administration showed reduced glucose levels up to 9 h[341]. It is suggested that the patch could have a longer effect in diabetic humans since humans are more sensitive to insulin than mice.

Dual-acting peptide
GLP1 and GIP are the two main incretin hormones that are released from the intestine in response to food intake. Both hormones stimulate glucose-dependent insulin secretion. Evidence from animal studies suggests that anti-obesity efficacy of GLP1 can be enhanced by co-administration with the incretin hormone GIP. Finan et al[342] showed that an acylated version of GLP1 and GIP dual agonist, reduced weight (-18.8% vs -8.8%, P < 0.001), food intake (P < 0.05), fat mass (P < 0.001) and blood glucose (P < 0.05), compared to liraglutide. Also showed increases in plasma insulin and C-peptide more pronounced that liraglutide (P < 0.001 for both). No differences in improved glycaemic control between these co-agonists and liraglutide were found. In T2DM patients they found a dose-dependent reductions of HbA1c, being -0.53% in patients treated with 4 mg of the dual agonist, and -1.11% in those treated with 30 mg, compared with placebo (-0.16%). The pharmacokinetics and pharmacodynamics results of co-activation of GLP1 and GIP receptors[343] are considered as a promising new strategy for the treatment of obese T2DM patients, to prolong the activity of GLP1 and GIP dual agonists, and for the future development of a possible once-weekly GLP-1 and GIP dual agonists drug candidate for the treatment of T2DM.

GLP1 and Glucagon receptor dual agonism: Glucagon and GLP1 have distinct receptors that are also structurally related[344]. Glucagon stimulates gluconeogenesis and glycogenolysis in the liver, raising blood glucose levels; while GLP1 reduce blood glucose levels by increasing insulin synthesis and secretion in the pancreas[345]. Administration of oxyntomodulin, a GLP1 receptor/glucagon receptor dual agonist peptide, to rodents[346-348] and humans[349,350], resulted in a improvement of glucose metabolism by decreasing food intake and body weight, and increasing energy expenditure, more pronounced than those reported by GLP1. Moreover, weekly administration of PEGylated peptides reduced adiposity and improved glucose tolerance in diet-induced obese mice[351], and sustained GLP1/glucagon dual agonism reverses obesity in diet-induce obese mice[352]. These co-agonist compounds also normalized glucagon, glucose and lipid metabolism and reduced liver steatosis, and is a novel therapeutic approach to the treatment of obesity in patients with T2DM.

GLP1 receptor agonist and Glucagon receptor antagonism activity: GLP1/Glucagon hybrid peptides, a dual acting peptide that bind both receptors, for diabetes (DAPD) have been reported previously[344], and more recently have been identified in vitro[353]. Administration of PEGylated DAPD in mice, showed a decrease in blood glucose by increasing insulin secretion GLP1-induced, and a rise in fasting glucagon levels following a glucagon challenge[354]. Moreover, unlike RA-GLP1, does not inhibit gastrointestinal motility and has not adverse events at this level. 

Basal insulin analogs with glucagon-like peptide-1 mimetics
The combination of GLP1 mimetics with basal insulin reduced the risk of hypoglycaemia and weight gain induced for intensive insulin regimens in T2DM patients. Preliminary evidence suggests that the addition of a basal insulin to a GLP1 mimetic with or without oral therapy, provide improvements in basal and postprandial glucose control, with less weight gain, reduced risk of hypoglycaemia and increased satisfaction[188-190,355-358]. Data from the DUAL I extension (insulin-naïve patients not controlled with oral hypoglycaemic agents) and DUAL II (patients not controlled on basal insulin plus oral hypoglycaemic agents) randomized trials, the novel fixed combination of insulin degludec and liraglutide (IDegLira), effectively lowered HbA1c across a range of measures, implying suitability for patients with either early or advanced T2DM[359]. LixiLan is a new once-daily single injection fixed-ratio combination of lixisenatide, and insulin glargine. Results from the Lixilan-L trial, showed that LixiLan successfully met the primary study endpoint of demonstrating a statistically superior reduction in HbA1c compared with insulin glargine[360]. 

G protein-coupled receptor 119
G protein-coupled receptor 119 (GPR119) agonists is a G protein-coupled receptor that is expressed predominantly in the pancreas and gastrointestinal tract in rodents and humans, as well as in the brain in rodents[361]. Activation of the receptor showed a reduction in food intake and body weight gain in rats[361]. GPR119 has also been shown to regulate incretin and insulinsecretion[362-364]. New agents acting on this receptor have been suggested as novel treatments for obesity and diabetes[361,363,365].
It is worth pointing out the potential advantages that could be obtained by the co-administration of a GPR119 agonist and a iDPP4. The role of these additional hormonal agents will required to clarify in the further study[366].

Oral RA-GLP1
Currently, RA-GLP1s are available only as injectables, either once daily or once weekly. Semaglutide is a long-acting RA-GLP1 that is also being developed as a once-weekly injectable. An oral semaglutide version leading to higher solubility and protection from enzymatic degradation is also being developed.
The phase 2 study[367] enrolled 632 adults with T2DM of 6 to 7 years duration, managed with lifestyle with or without metformin, and HbA1c 7.0% to 9.5% (mean, 7.9%). They were randomized to oral semaglutide in doses of 2.5, 5, 10, 20 or 40 mg once daily, or to placebo, or to open-label injected once-weekly 1.0-mg semaglutide. Patients started at 2.5 or 5 mg once daily and the higher-dose groups were titrated up at 4-wk intervals. The primary endpoint was change in HbA1c from baseline to week 26.
At 26 wk, mean HbA1c decreased dose-dependently with oral semaglutide, with drops ranging from 0.7% with 2.5 mg to 1.9% with 40 mg. Subcutaneous once-weekly semaglutide also produced a 1.9% drop in HbA1c, while the placebo group experienced a decrease of only 0.3% (P = 0.07 for 2.5 mg vs placebo, P < 0.0001 for other doses). For all the groups taking 5-mg oral semaglutide or higher doses, more than 80% of the patients achieved HbA1c values less than 7%, and the groups treated with 10-mg dose or more achieved mean HbA1c less than 6.5%. Fasting plasma glucose also dropped significantly, from a baseline of 170 mg/dL, with reductions ranging from 17 mg/dL with 2.5 mg to 51 mg/dL for the other oral doses (P = 0.08 for 2.5 mg, P < 0.0001 for other doses) and a reduction of 56 mg/dL with 1.0-mg subcutaneous semaglutide vs 1 mg/dL with placebo.
The proportion of patients achieving 5% or more weight loss was 21% to 71% in the oral group and 66% in subcutaneous group, compared with 13% in the placebo group.
None of the adverse events were considered serious and all were reported as mild to moderate in severity. Increases in lipase levels were greater in the oral and subcutaneous semaglutide groups, compared with placebo.
Based on these data, oral semaglutide is now being studied in a large phase 3 trial[368].

Oral insulin
Oral administration of insulin is a novel treatment to improve glycaemic control in patients with T2DM. Oral insulin has a more physiological action than parenteral insulin. Due to its first pass through the liver, it reduces glycogenolysis, hepatic glucose production, and the risk of hypoglycaemia, compared with parenteral insulin. Currently, the data available in human trials suggest that could be a novel approach to the treatment of diabetes[369,370].
There are several oral insulins in development: Short-acting insulins as ORMD-0801 (Oramed) and Capsulin (Diabetology) in phase 2 studies, and the IN-105 (Biocon) in phase 3 studies; and basal insulins, such as the OI287GT (NN1956) (NovoNordisk).

Dual inhibition of SGLT1 and SGLT2
Sotagliflozin is a dual inhibitor of SGLT1 and SGLT2 with approximately 20-fold selectivity for SGLT2 over SGLT1[371]. Animal pharmacology studies showed that sotagliflozin produced increased urinary glucose excretion, delivery of glucose to the caecum, increased postprandial GLP1 and peptide YY release, that were related with significant reductions in postprandial glucose[372,373]. Sotagliflozin was evaluated in patients with T2DM not controlled with metformin[372]. Sotagliflozin reduced fasting plasma glucose and HbA1c with a modest urinary glucose excretion, compared with selective iSGLT2. The high glycaemic efficacy observed with only modest urinary glucose excretion suggested that clinically relevant gastrointestinal SGLT1 inhibition was present. Phase 1 and phase 2 studies have identified special opportunities for synergy with iDPP-4 for treatment of patients with T2DM and renal impairment.

Other treatments
Technosphere insulin, a new inhaled insulin represent an alternative to bolus insulin injections, but can be used concomitantly with basal insulin injections. Its hypoglycaemic effect is less than the rapid-acting insulin, but has less hypoglycaemias[374]. Major adverse effects are respiratory, with cough being the most prominent, and there is a small decrease in the forced expiratory volume in 1 s (FEV1) with technosphere insulin, consistent, no progressive, and reversible; so that patients must receive pulmonary function test periodically throughout therapy. Should be utilized with caution in patients who smoke and is contraindicated in patients with chronic lung disease.
New chitosan formulations of xanthine derivatives (CS-6, CS-7) have been synthesized as antidiabetic and antioxidant treatments. Formulations of chitosan 6 (CS-6) have shown to reduce blood glucose levels by 59.3%, with a recorded 4.53% HbA1c level[375]. These effects were more intense than the induced by pioglitazone (114.5 mg/dL vs 148.5 mg/dL), when used as standard antidiabetic medication. These results have shown the potential application of chitosan formulations of Xanthine 6 derivates (CS-6) in the treatment of diabetes mellitus.
Recent studies have shown the dynamic role of zinc, an insulin mimetic, as a “cellular second messenger” in glucose homeostasis and in the control of insulin signaling[376]. Synthesis, secretion and insulin action are dependent on zinc and transporters. This suggests that zinc plays a role, previously not identified, where changes in the state of zinc over time can affect the activity of insulin. This is a novel area of ​​investigation, and introduces a new class of useful drugs for diabetes pharmacotherapy.
Imeglimin is the first of the family of agents called “glimins” and, more specifically, is a tetrahydrotriazene compound[377]. Laboratory studies[377,378] have shown that acts on impaired glucose uptake by muscle tissue, excessive hepatic gluconeogenesis, and increased apoptosis of beta cells. Imeglimin is still in development and human studies are limited. The few human studies recently published[377,379-381] show that reduces HbA1c and fasting glucose similar to sitagliptin and metformin, with a low incidence of side effects, especially hypoglycaemia. Currently, there is an ongoing trial that evaluated the safety and efficacy of imeglimin with insulin therapy or compared directly with insulin in patients newly diagnosed or treated with oral monotherapy, whose results have not yet been published[382]. Imeglimin seems to be a promising antidiabetic agent as monotherapy in the treatment of T2DM.
Recent studies reported a possible role of the G protein coupled receptor 40 (GPR40), also known as FFAR 1, in the regulation of beta-cell function[383]. It was reported that chronic treatment of male zucker diabetic fatty (ZDF) rats (insulin resistant model with elevated blood glucose and FFAs levels) with CNX-011-67 (GPR40 agonist) increased insulin secretion, decreased blood glucose and reduced beta-cell apoptosis without affecting body weight[384]. From this study data it appears that CNX-011-67 could have the potential to provide good and durable glycaemic control in T2DM patients. Another study provided evidence that activation of GPR40 with CNX-011-67 stimulates glucose metabolism, improve glucose responsiveness and enhances insulin secretion, with the hope that pharmacological activation of GPR40 will prove beneficial for the treatment of T2DM[384]. TAK-875, a novel highly selective, orally bioavailable GPR40 agonist, significantly improved glycaemic control in patients with T2DM with a minimum risk of hypoglycaemia. The outcomes show that activation of FFAR1 is a viable therapeutic target for the treatment of T2DM[385]. According to current data it can be appreciated that beta-cell failure could be delayed or prevented by attaining and maintaining good glycaemic control. It is theoretically possible to inhibit multiple mechanisms by blocking the pathways leading to beta-cell apoptosis, and this is a challenge for the future.
Finally, in vivo studies, administration of hot water extracts of Salacia chinensis to diet-fed KK-Ay mice, resulted in a significant reduction in the basal and postprandial blood glucose and HbA1c levels; with an improvement of glucose tolerance[386]. The active components, salacinol, kotalanol, and neokotalanol inhibited human α-glucosidases as potently as they inhibited rat small intestinal α-glucosidase. The results suggest that these sulfoniums can be good candidates as new type of anti-diabetic agents.

CONCLUSION
While lifestyle modifications and metformin are the cornerstone of the initial management of T2DM, there is an increasing array of second and third-line pharmacological agents for this condition. At present there are different families of oral and injectable drugs, available for the treatment of T2DM. These include sulfonylureas, meglitinides, insulin, TZD and alpha-glucosidase inhibitors, and recently with the addition of RA-GLP1 receptor agonists, iDPP4 and iSGLT2. Moreover, insulin analogues that better simulate endogenous insulin secretion have been developed. Metformin remains the first choice of treatment for most patients. Other alternative or second-line treatment options should be individualized taking into consideration patient characteristics as degree of hyperglycaemia, presence of co-morbidities, and patient preference and ability to access treatments; and properties of the treatment such effectiveness and durability of lowering blood glucose, risk of hypoglycaemia, effectiveness in reducing diabetes complications, effect on body weight, side effects and contraindications. Although it does not appear that in the near future cure diabetes, novel safety and effective agents that will improve the quality of life of T2DM patients, are developing.
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Table 1 Classification of degree of obesity by body mass index 
	Body mass index (kg/m2)

	Normal weight
	18.5-24.9

	Overweight grade 1
	25-26.9

	Overweight grade 2
	27-29.9

	Obesity grade 1
	30-34.9

	Obesity grade 2
	35-39.9

	Obesity grade 3 (morbid)
	40-49.9

	Obesity grade 4 (extreme)
	≥50


Adapted from World Health Organization (WHO) 1995, WHO 2000 and WHO 2004.

Table 2 Different formulas for calculating baseline energy needs of people
	Harris-Benedict equation1
Males: GEB (kcal/d) = 66 + 13.7 × weight (kg) + 5 × height (cm) – 6.8 × age 
Females: GEB (kcal/d) = 655 + 9.6 × weight (kg) + 1.8 × height (cm) – 4,7 × age

	Mifflin St Jeor equation2
Males: GEB (kcal/d) = 10 × weight (kg) + 6.25 × height (cm) – 5 × age + 5
Females: GEB (kcal/d) = 10 × weight (kg) + 6.25 × height (cm) – 5 × age – 161


1Harris JA, Benedict FG. Proceedings of the National Academy of Sciences of the United States of America. 1918; 4: 370-373. 2Mifflin MD, St Jeor ST, Hill LA, Scott BJ, Daugherty SA, Koh YO. Am J Clin Nutr 1990; 51: 2241-2247. GEB: Resting energy expenditure.

Table 3 Glycaemic index, glycaemic load and carbohydrates portion
	GI: observed increase in blood glucose after eating 50 g of a food, compared with the observed increase after intake of 50 g of white bread or glucose

	Glycaemic load: GI × total amount of carbohydrates (grams) of the usual food portion

	Carbohydrates portion: amount of food containing 10 g of carbohydrates


Glycaemic Research Institute. Available from: URL: http://www.glycemic.com/GlycemicIndex-LoadDefined.htm. GI: Glycaemic index.

Table 4 Relationship between maximum oxygen consumption, % of maximum heart rate and subjective perceived exertion
	Intensity
	% oxygen consumption
	% maximum heart rate1
	Subjective perceived exertion

	Very light
	<20
	<35
	<10

	Light
	20-39
	35-54
	10-11

	Moderate
	40-59
	55-69
	12-13

	High
	60-84
	70-89
	14-16

	Very high
	>85
	>90
	17-19

	Maximum
	100
	100
	20


1Maximum heart rate=220-age. Available from: URL: American Diabetes Association. Physical Activity/Exercise and Diabetes. Diabetes Care 2004; 27 (Suppl1): S58-S62.


Table 5 Type of insulin by onset of action, peak effect and duration of action
	Insulin type
	Onset of action
	Peak effect
	Duration of action

	Lispro, aspart, glulisine
	5 to 15 min
	45 to 75 min
	Two to four hours

	Regular
	About 30 min
	Two to four hours
	Five to eight hours

	NPH
	About two hours
	4 to 12 h
	18 to 28 h

	Insulin glargine
	About two hours
	No peak
	20 -24 h

	Insulin detemir
	About two hours
	No peak
	6 to 24 h1

	NPL
	About two hours
	Six hours
	15 h

	Insulin degludec
	About two hours
	No peak
	>40 h

	Insulin U-300
	About two hours
	No peak
	>36 h


[bookmark: _GoBack]1Duration of action is dose-dependent. At higher doses (≥0.8 units/kg), mean duration of action is longer and less variable. Modified from: Joslin Diabetes Centre. Available from: URL: https://www.joslin.org/info/insulin_action.html. NPH: Neutral protamine hagedorn; NPL: Neutral protamine lispro.

Lifestyle measures
Considerations:
· Functional capacity
· Frailty
· Dementia
· End of life
Other options
Alternative approaches
Usual approach
GLP1 receptor agonists
Basal insulin or
Pre-mix-insulin
or
DPP-4 inhibitors or
Sulfonylureas
or
Subsequent options
or
Consider as third line-triple oral therapy, insulin or GLP1 receptor agonists 
Sulfonylureas or
DPP-4 inhibitors

Metformin

Metformin
(if not use first line)
Sulfonylurea or
DPP4 inhibitors
Consider as second line-dual therapy by adding to first line therapy
Consider at first line therapy
Then, at each step, if not at individualized target HbA1C
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Meal-time
insulin
GLP1 receptor agonists
Change oral agent
or Basal insulin or
Pre-mix insulin
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SGLT2 inhibitors or
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GLP1 receptor agonists or
Insulin or
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Thiazolidinediones
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Glinides or
SGLT2 inhibitors or
Thiazolidinediones
















Medication choice:
· Renal function
· SU with low hypoglycaemia
· Medication side effect profile
· Potential harms of medication which induce weight  loss
· Cost
· Availability
· Local prescribing rules
· Discontinue ineffective treatment










Figure 1 Global Guidelines for managing older people with type 2 diabetes. International Diabetes Federation[272].
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Figure 2 Recommendations for use of antidiabetic agents based on estimated glomerular filtration rate. Adapted from Zanchi et al[293].
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Figure 3 Therapeutic algorithm in patients with type 2 diabetes mellitus and chronic kidney disease. Adapted from Gómez-Huelgas et al[338]. aAvoid Glibenclamide. Use Gliclazide, Glipizide and Gliquidone. Use Glimepiride only if eGFR > 60 mL/min; bDose adjustment, except linagliptin; cMonitor fluid retention; dAdjust doses of exenatide and lixisenatide; eGenerally not use Metformin.Use only half the dose and monitor renal function; fNot recommended if eGFR< 60 mL/min. eGFR: Estimated glomerular filtration rate; HbA1C: Glycated haemoglobin; GLP-1: Glucagon-like peptide-1; SGLT2: Sodium-glucose co-transporter 2; DPP-4: Dypeptydil peptidase-4.
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