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Le diabète mellitus Type 2 (DMT2) est une maladie chronique et progressive causée par multiples facteurs. Plus de 422 millions de personnes dans tout le monde ont diabète; la maladie a un profond impact social et économique. La maladie cardiovasculaire est la cause principale de la morbilité et la mortalité chez les patients diabetiques, qui ont des taux de mortalité plues élévées que la population non-diabétique.

La définition de la DMT2 est basée sur ses manifestations métaboliques -surtout celles de glucose sanguin -qui servent comme marqueurs du contrôle et de l'évolution de la maladie. Cependant, tandis qu'on reconnait l'effet du contrôle de la glucose sanguin sur les complications microvasculaires, son impact sur les complications macrovasculaires ne sont pas clairs.

Depuis 2008, les nouveaux agents hypoglycémiants doivent démontrer leur sécurité cardiovasculaire, soit à travers d'une meta-analyse ou d'essais cliniques évaluant les résultat cliniques cardiovasculaires; quelques nouveaux agents ont montré une réduction des effets cliniques (comme infarctus du myocarde et accident cérébrovasculaire) et de la mortalité. Toutefois, les populations qui faisaient partie de ces essais cliniques a grande échelle ont différences avec la population générale; donc, les résults de ces essais ne sont pas completement généralisables.

Tandis que les essais cliniques randomisés sont toujours considérés le "goldstandard" pour la génération de l'évidence scientifique, les études observationelles qui sont fait à partir de grande bases de données utilisés pour d'autre propos, dites "secondaires", sont de plus en plus utilisées pour la génération de l'évidence scientifique complémentaire ou confirmatoire de celle provenant des essais cliniques, surtout quand ces essais ne sont pas disponibles ou sont impracticables.

Ce travail montre les résultats d'une étude observationnelle de cohortes, basée sur la population enregistrée en SIDIAP, une large base de données des médecins généraux de Catalogne, qui reccueil les régistres de plus de 5,5 millions de personnes. Les évenements cliniques cardiovasculares et la mortalité ont été évalués dans la population générale, non-sélectionnée, traitée avec des agents hypoglycémiants non-insuliniques. On attend que les résultats de cette investigation soient útiles pour la prise de decisions, tant au niveau des cliniciens comme au niveau de la santé publique.

The present work hypothesises that, in the study period, the treatment with new classes of blood glucose-lowering drugs in an adult, T2DM population in Catalonia, is not associated with a clinically relevant benefit, defined as a 10% reduction in cardiovascular morbidity and mortality compared with the use of reference non-insulin glucose-lowering agents, metformin and sulphonylureas (SU).

This work presents a longitudinal population-based cohort study to assess CV outcomes and mortality among adults Type 2 diabetes mellitus patients treated with non-insulin blood-glucose-lowering agents in Catalonia. Patients should have been registered in the Catalan nationwide healthcare system and their data recorded in the general practitioners' Information System for the Development of Research in Primary Care (SIDIAP) database. We used a new-user design to avoid prevalent-user bias and assessed exposures through an as-treated approach, following patients from the first prescription of a given agent to its discontinuation, switching or the addition of another antidiabetic drug. To minimise bias, cohorts of patients were compared at the same line of treatment.

Crude incident rates of CV outcomes and mortality were adjusted by demographic, clinical and socio-economic variables through a Cox multivariate analyses. Although we minimised selection bias, other biases such as information bias are likely to be significant in health medical records databases, and residual confounding can not be ruled out.

x ABBREVIATIONS 3-p MACE 3-point major adverse cardiovascular event 4-p MACE 4-point major adverse cardiovascular event

I. Introduction

The prevalence and trends of diabetes mellitus

Diabetes mellitus (DM) affects more than 422 million people; by 2035, its prevalence is foreseen to rise to 592 million. The number of people with diabetes increased almost 4-fold from 1980 to 2014. [1] The global prevalence of diabetes among adults over 18 years of age has risen from 4.7% in 1980 to 8.5% in 2014 (1 every 12 people). [1,2] Diabetes mellitus Type 2 (T2DM) accounts or around 90% of all diabetes cases worldwide. [2] The substantial increase in diabetes prevalence observed both in developed and developing countries might be due to either an increased incidence or longer survival. [3] Diagnosed type 2 diabetes mellitus' prevalence has been estimated to increase more than twice between 2000 and 2013 in the UK, up to 5.32%. [4] In Catalonia diagnosed T2DM prevalence was 7.6% in 2009, being 3-fold higher in patients aged 75 yr. or older, [5] which is consistent with data reporting a 25% of US population aged ≥65 years having diabetes. [6] Some more recent studies report a stabilisation or fall in diabetes incidence in some countries, to which preventive strategies could have contributed. A recently published review reported an increase of diagnosed diabetes in most populations from the 1960s to the early 2000s, after which a pattern emerged of stable trends in 30% and declining trends in 36% of the reported populations. [3] However, data are limited in low and middle-income countries, where trends in diabetes incidence could be different.
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Diabetes mellitus vascular complications and mortality

Diabetes is a significant cause of blindness, kidney failure, heart attacks, stroke and lower limb amputation, [1] WHO projects that diabetes will be the 7 th leading cause of death in 2030, and it has been estimated that diabetes caused 4.9 million deaths in 2014. [1,2] The highest number of people with diabetes is between 40 and 59 years of age. Patients with Type 2 diabetes mellitus (T2DM) are more likely to die from any cause and cardiovascular (CV) causes; risks vary and are higher with younger age, worse glycemic control, and greater severity of renal complications; for younger people, the risks of dying persists even for those with acceptable glycaemic control. [7,8] Diabetes-related microvascular complications can lead to significant morbidity and premature mortality; however, the most important cause of death in people with diabetes is for cardiovascular disease (CVD). [9] It has long been recognised that diabetes is an independent risk factor for CVD, affecting all components of the cardiovascular system: microvasculature, larger arteries, the heart, as well as the kidneys; and imparting a 2-to 4-fold risk of CVD. Also, many diabetic patients often have other risk factors for CVD, such as obesity, hypertension and dyslipidemia. [10] Patients with diabetes have twice the risk of incident myocardial infarction and stroke as that of the general population, many do not survive their first event, or their mortality rate is generally higher than that of the general population. As many as 80% of patients with type 2 diabetes mellitus will develop and possibly die of macrovascular disease. [11,12] Older adults with diabetes are at substantial risk for both acute and chronic microvascular and cardiovascular complications of the disease. However, cardiovascular disease prevalence is not affected by older-age onset diabetes. [6] T2DM people often present with other risk factors for cardiovascular disease (CVD). A third of people with T2DM have CVD: 29.1% had atherosclerosis, 21.2% had coronary heart disease (CHD), 14.9% had heart failure (HF), 14.6% had angina, 10.0% had had a myocardial infarction (MI), and 7.6% had experienced a stroke. CVD causes death in 50% of T2DM patients. [13] In Catalonia, in 2009, the prevalence of CVD prevalence was 22.0%, being coronary heart disease (18.9%) and peripheral ischemia (4.5%) the more frequent manifestations. [14] Nelly Raquel Herrera Comoglio Eu2P PhD December 2019

A study published in 2009 report that adults with diabetes have experienced a 50% reduction in the rate of incident CVD, although remaining at a consistent, approximate 2fold excess for CVD events compared with those without diabetes. [15] Marked reductions in cardiovascular disease mortality were seen in the last decades as a result of new therapies and proactive diagnosis. [16,17] In diabetic patients, CVD mortality rates have decreased in a greater extent than in non-diabetic, thus reducing the difference.

Regional differences in mortality in T2DM populations have been reported in Spain and the UK. [17,18] In US adult diabetic population, 10-year relative changes in mortality were significant for major CVD (by -33%), ischemic heart disease (by -40 %), and stroke (by -30%), but not heart failure (by -0.5%, non-significant) or arrhythmia (-12.0%) [16] The pathogenesis of heart failure includes not only coronary artery disease but also hypertension and diabetic cardiomyopathy, not fitting clearly into the traditional, binary classification of diabetes complications as either microvascular or macrovascular. [19] In the Framingham study, which has found that in non-diabetic patients the incidence rate of heart failure was higher for men than for women, it has been estimated that in diabetic patients treated with insulin, diabetes confers more than a two-fold increase in the risk of heart failure in men and five-fold higher risk in women. [20,21] As with stroke and myocardial infarction, in a heart-failure setting in patients with diabetes, mortality rates are about twice that of the non-diabetic population; individuals with diabetes aged [45][46][47][48][49][50][51][52][53][54] years are almost 9-fold more likely to develop heart failure, and the relative risk falls to 1.8 for those aged 75-84 years. [19] Results of 4-yrs follow-up of an international registry found that diabetes mellitus was associated with a 33% greater risk of hospitalisation for heart failure. In patients with diabetes mellitus, heart failure at baseline was independently associated with cardiovascular death, increasing fatal outcome 2.5-fold. [21] Heart failure is the second most frequent cardiovascular presentation in people with diabetes, (14,1%), being peripheral artery disease the first one, with 16,2%. A study conducted in England during 1998-2010 and using data of four linked databases (primary care, hospital admission, disease registry, and death certificate records) found that 17.9% people with type 2 diabetes had a first cardiovascular presentation. Patients with Type 2 diabetes were at about three times higher risk of peripheral arterial disease (HR 2.98), and

Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 at increased risk of ischaemic stroke, stable angina, heart failure, and non-fatal myocardial infarction. [22] In a decade, in the UK, the proportion of diabetic patients increased from 18% in [2002][2003][2004] to 26% in 2012-2014. [23] However, the absolute number of newly diagnosed heart failure individuals increased by 12%, and the estimated absolute number of prevalent heart failure cases increased even more, by 23%, this mainly due to an increase in population size and age. Patient age increased 0.79 years and patients had more multimorbidity at first presentation of heart failure, from 3.4 to 5.4. In the same period, diabetes mellitus was the fifth most prevalent comorbidity for incident CVD (11.2%), but the frequency was higher between 60-69 and 70-79 years (16.3% and17.9% respectively).

[24]

The increased mortality of people with diabetes is due not only to CV death but also to cancer-related deaths and other causes. [25] Both the increased prevalence of DM and diabetes-related comorbidities impact on healthcare costs. Average annual healthcare costs associated with patients with type 2 diabetes are substantially more expensive (72.4%) compared with non-diabetic subjects. They are higher among diabetic patients with poor glycemic control and macrovascular complications. [26] 

Glycemic markers and DM complications

Despite the extensive clinical research devoted to, diabetes is still defined by its biochemical manifestations (elevated fasting plasma glucose, glycated haemoglobin, hyperglycaemia and glucosuria) and complications, the pathogenesis of type 2 diabetes and its complications remains unknown. [27] Several mechanisms have been proposed to explain hyperglycemia to increased cardiovascular morbidity and mortality. It has been suggested that hyperglycemia may produce advanced glycation end products in diabetic patients and even in those who are prone to developing diabetes before diabetes onset, contributing to endothelial dysfunction, atherosclerosis and microangiopathy, relevant factors to CVD and heart failure. [28,29] Blood glucose binds irreversibly with proteins, the rate and extent of nonenzymatic glycation of proteins depend mainly on the prevailing Nelly Raquel Herrera Comoglio Eu2P PhD December 2019

glucose concentration and the protein life span. Covalent, nonreversible glycation of proteins -the formation of advanced glycation end products (AGE)-, is the final stage of a sequential process that starts with reversible, non-covalent glycation. The presence of various AGE is thought to be linked to the normal ageing process and the chronic complications of diabetes mellitus. [30] Glycated haemoglobin (HbA1c), which indicates the glycemic level during the previous 3-months -the lifespan time of red blood cells-, is the surrogate marker that has been the gold standard outcome in diabetic trials for more than 40 yrs. [31] In healthy subjects, levels of "stable" HbA1C are ∼5-6% of total HbA, these values can increase up to 15% or more in diabetic individuals. However, there can also be a "labile" HbA1C formed during the early, reversible stages of the glycation process and which reflects ambient vs longer-term glucose levels; this reversible HbA1c may overestimate HbA1C by up 2-3% in healthy subjects and by 10% in subjects with diabetes. It should be kept in mind that hyperglycemia does not provide the complete answer to the aetiology of increased early glycated products, given that glycated haemoglobin is also present in some non-diabetic conditions, including chronic renal failure. [32] The beneficial effect of intensive therapy on microvascular outcomes have been established for insulin-dependent diabetes mellitus in 1993, showing a direct relationship between increased glycemic levels and microvascular complications. The observational study UKPD 35 found that in type 2 diabetes mellitus patients, previous hyperglycemia was strongly associated with microvascular and macrovascular complications, being any reduction in HbA1c likely to reduce the risk of complications, with the lowest risk being in those with HbA1c values in the normal range (<6.0%). [33] Each 1% reduction in updated mean HbA1c was associated with reductions in risk of macrovascular and microvascular complications: non-significant 14% for myocardial infarction and a significant 37% for microvascular complications. [34] A substantial amount of increased cardiovascular risk and all-cause mortality caused by T2D cannot be explained by traditional vascular risk factors. Only 35% of the excess cardiovascular risk and 42% of the excess mortality risk caused by T2D have been found

to be mediated by the classical cardiovascular risk factors. For CVD, the most considerable mediated effects were by insulin resistance, elevated triglycerides and Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 MI, 21% for any endpoint related to diabetes and 37% for microvascular complications, retinopathy or renal failure. Interestingly, no threshold of risk was observed for these effects. [34] The association between higher levels of HbA1c and increased CV risks have been confirmed with more or less consistent results in studies using secondary data from healthcare databases. [42,43] It also has been suggested that in no diabetic patients, the relation between glycated haemoglobin and cardiovascular events would have a linear association in non-extreme values. [44] The Heart Outcomes Prevention Evaluation (HOPE) found that in diabetic participants, a 1% absolute rise in the updated HbA1c predicted future CV events after adjusting for confounders and treatment, and the analysis of diabetic and non-diabetic patients showed that a 1 mmol/l rise in fasting plasma glucose was related to an increased risk of CV outcomes, after adjusting for presence or absence of diabetes, thus indicating an independent progressive relationship between indices of glycaemia and incident CV events, renal disease and death. [45] It also has been suggested that the current target of HBA1c level does not predict a better coronary microcirculatory function in T2DM patients and that there is a possible link between coronary microvascular disease and LV diastolic function in Type2 diabetic patients. [46,47] Ideally, glycemic control should be attained with no hypoglycaemic events.

Hypoglycaemia produces significant metabolic stress that could trigger major vascular events such as myocardial infarction and stroke. [48] A decade ago, the potential CV dangers of intensive treatment regimens and strict glycemic control in T2DM people who have CV disease (CVD) arose in three trials in which excess mortality was observed. [49 -51] Intensive blood-glucose control and clinical outcomes

The Diabetes Control and Complications Trial (DCCT, 1993) randomly assigned 1441 patients with insulin-dependent diabetes mellitus to receive intensive therapy or standard therapy with insulin. In this study, tight glycemic control in type 1 diabetes patients significantly reduced the development and progression of chronic diabetic complications, Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 alone, and 342 patients were allocated in pharmacological treatment with metformin, aiming for FPG < 6 mmol/L. A secondary analysis compared the 342 patients allocated metformin with 951 overweight patients allocated intensive blood-glucose control with chlorpropamide (n=265), glibenclamide (n=277), or insulin (n=409). Metformin has found to have a 34% reduction on cardiovascular outcomes in overweight patients;

sulfonylureas showed a non-significant reduction in risk of myocardial infarction (MI). [53] It has been noted that these results were obtained in a randomised subgroup of obese patients (342 patients in the metformin group and 411 in the conventional group)

and have never been reproduced, suggesting design and methodological drawbacks. [54] In a supplementary trial, patients on maximal doses of sulfonylureas who attained an HbA1c ≤ 6.1 mmol/L were allocated to be added metformin or to continue on sulfonylurea alone. Patients who were added metformin had a significant 60% higher allcause death compared with those given sulfonylurea alone. [53] Post-trial monitoring aimed to determine whether this improved glucose control persisted and whether such therapy had a long-term effect on macrovascular outcomes: 3277 patients were followed through clinical visits or annual questionnaires for five years, with no intervention to maintain their previously assigned therapies all patients in years 6 to 10 were assessed through questionnaires. Although differences in glycated haemoglobin levels were lost after the first year, the relative reduction in risk of microvascular outcomes persisted at ten years and reduction in risk on some CV outcomes emerged. In the sulfonylurea-insulin group, relative reductions in risk persisted at ten years for any diabetes-related endpoint (9%, P=0.04) and microvascular disease (24%, P=0.001), risk reductions for myocardial infarction (15%, P=0.01) and death from any cause (13%, P=0.007) emerged over time. In the metformin group, significant risk reductions persisted for any diabetes-related endpoint (21%, P=0.01), myocardial infarction (33%, P=0.005), and death from any cause (27%, P=0.002). [55] In the Veterans Affairs Diabetes Trial, (VADT, 2009) no significant effect on the rates of major cardiovascular events, death, or microvascular complications -except progression of albuminuria-was obtained through an intensive glucose control in patients with poorly controlled type 2 diabetes. [56] the intensive therapy group was an HbA1c level below 6.0%, and the standard therapy target was from 7.0 to 7.9%. The primary outcome -a composite of non-fatal myocardial infarction, non-fatal stroke, or death from cardiovascular causes-was no significant reduced in the intensive therapy group (HR, 0.90; [CI], 0.78 to 1.04; P = 0.16). This result was due to a lower rate of nonfatal MI in the intensive group than in the standard therapy group (3.6% vs. 4.6%; HR, 0.76; 95% CI, 0.62 to 0.92; P = 0.004), and a higher rate of death from cardiovascular causes in the intensive group (2.6% vs. 1.8%; hazard ratio, 1.35; 95% CI, 1.04 to 1.76; P = 0.02); with no significant difference in the rate of nonfatal stroke (1.3% vs. 1.2%; HR, 1.06; 95% CI, 0.75 to 1.50; P = 0.74). Of note, rates of the primary outcome began to separate in the two study groups after three years. [START_REF] Gerstein | Action to Control Cardiovascular Risk in Diabetes Study Group[END_REF] After the intensive therapy was discontinued, the target for glycated haemoglobin level was set from 7 to 7.9% for all participants, and the median HbA1c in this group rose from 6.4% to 7.2%, and the use of glucose-lowering medications and rates of severe hypoglycemia were similar in the two groups. The follow-up continued until the planned end of the trial (5 yrs). The trends in CV mortality and MI persisted during the entire follow-up period (HR for death, 1.19; 95% CI, 1.03 to 1.38; and HR for non-fatal myocardial infarction, 0.82; 95% CI, 0.70 to 0.96). [START_REF] Accord Study Group | Long-term effects of Bibliography 153 Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 intensive glucose lowering on cardiovascular outcomes[END_REF] Before the ACCORD trial's results were published, in 2008, a majority of statements declared valuable to achieve tight glycemic control to prevent macrovascular complications (47%-59%). In 2009, only 21% of statements favoured strict glycemic control. [37] The concentrations of glycated haemoglobin (HbA1c), which are used as a surrogate marker for outcomes that are important to patients, such as blindness or amputation, do not have a linear relationship with CV outcomes. [START_REF] Yudkin | The idolatry of the surrogate[END_REF] An intensive glucose control -aiming to maintain HbA1c levels close to those of healthy patients, has failed to demonstrate benefits for CV mortality, though showing a trend towards lower MI risks.

Being the control of CV risk factors one of the goals of the diabetes care and CVD, other surrogates, like blood pressure, lipids, albumin excretion rates, and C reactive protein have been used to predict CVD outcomes and mortality.

In 2008, as a result of the findings of an increased number of MI in a trial with rosiglitazone, the CV safety of blood glucose-lowering drugs was required to be assessed through major adverse cardiovascular events (MACE) endpoints.

Dual agonists of peroxisome proliferator-activated receptor: muraglitazar

Peroxisome proliferator-activated receptors (PPARs) are nuclear transcription factors that modulate gene expression, regulating glucose and fatty acid metabolism, apoptosis, angiogenesis, cell proliferation and differentiation, and immune response. Peroxisome proliferator-activated receptors gamma agonists increase insulin sensitivity ("glitazones" rosiglitazone and pioglitazone). The first dual alpha -gamma agonist was muraglitazar. In 2005, a meta-analysis of documents about phase 2 and 3 clinical trials released under public disclosure laws for the FDA advisory committee meeting evaluated the incidence of death, myocardial infarction (MI), stroke, congestive heart failure (CHF), and transient ischemic attack (TIA) in diabetic patients treated with muraglitazar compared with controls. The primary outcome was a composite of incidence of death, non-fatal MI, or non-fatal stroke; an extended composite outcome included these events plus the incidence of CHF and TIA. In the muraglitazar-treated patients, the primary outcome occurred in 1.47% patients compared with 0.67% patients in the combined placebo and pioglitazone treatment groups (controls) (relative risk 2.23; 95% CI 1.07-4.66). For the expanded MACE the RR was 2.62; 95% CI, 1.36-5.05. Components of the composite endpoint exceeded 2.1 but were not statistically significant. [START_REF] Cefalu | Cardiovascular Outcomes Trials in Type 2 Diabetes: Where Do We Go From Here? Reflections From a Diabetes Care Editors' Expert Forum[END_REF][START_REF] Nissen | Effect of muraglitazar on death and major adverse cardiovascular events in patients with type 2 diabetes mellitus[END_REF] Thiazolidinediones FDA issued the marketing authorisation for rosiglitazone in late May 1999, and European authorities did so in July 2000 but required a post-approval clinical outcome trial, known as the RECORD (Rosiglitazone Evaluated for Cardiovascular Outcomes and Regulation of glycemia in Diabetes) trial which was published in 2009. Concerns about the safety of another thiazolidinedione, the pioglitazone, based on preclinical data, prompted that a cardiovascular safety trial was conducted, the PROActive trial.

The PROActive trial (2005) assessed the effect of pioglitazone on secondary prevention of macrovascular events in 5238 patients. Patients were followed for a mean of 2.85 years.

The primary endpoint was the composite of all-cause mortality, non-fatal myocardial infarction (including silent myocardial infarction), stroke, acute coronary syndrome, endovascular or surgical intervention in the coronary or leg arteries, and amputation Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 above the ankle; no significant results were achieved for the primary endpoint (HR, 0.90).

The secondary endpoint (composite of all-cause mortality, MI and stroke) was significantly less frequent in the pioglitazone group (HR, 0.84); meanwhile the incidence of heart failure hospitalisations was higher in the pioglitazone group. In a subgroup of 2,445 patients with previous MI, pioglitazone achieved a statistically significant beneficial effect on the prespecified end point of fatal and non-fatal MI (28%) and acute coronary syndrome (ACS) (37%), but not in the primary endpoint; the incidence of heart failure and fatal heart failure were higher in the pioglitazone group. [START_REF] Dormandy | Secondary prevention of macrovascular events in patients with type 2 diabetes in the PROactive Study (PROspective pioglitAzone Clinical Trial Bibliography[END_REF][START_REF] Erdmann | PROactive Investigators The effect of pioglitazone on recurrent myocardial infarction in 2,445 patients with type 2 diabetes and previous myocardial infarction: results from the PROactive (PROactive 05) Study[END_REF] The weaknesses of the design of the RECORD study (the composite of death and cardiovascular hospitalisations) and conduction (the low rate of events) have been criticised. [START_REF] Psaty | The record on rosiglitazone and the risk of myocardial infarction[END_REF] The results of an interim analysis were published in 2007 as a response to the meta-analysis of Nissen. In this meta-analysis had suggested increased CV risk for patients treated with rosiglitazone, with a significant odds ratio for myocardial infarction of 1.43 (95% confidence interval: 1.03 to 1.98, p = 0.03) and a border-line significant increase of the risk of CV mortality. [START_REF] Nissen | Effect of rosiglitazone on the risk of myocardial infarction and death from cardiovascular causes[END_REF][START_REF] Home | Rosiglitazone evaluated for cardiac outcomes an interim analysis[END_REF] Instead, the interim results from the RECORD study reported that rosiglitazone was associated with a small, non-significant increase in the risk of the primary outcome of all hospitalizations and deaths from CV cause (HR, 1.08; 95% CI 0.89 to 1.31), and for the fatal or non-fatal myocardial infarction outcome, the HR ratio was 1.16 (95% CI 0.75 to 1.81). [START_REF] Nissen | Effect of rosiglitazone on the risk of myocardial infarction and death from cardiovascular causes[END_REF] The sponsor did a metaanalysis with data similar to that by Nissen and Wolski had been provided to the FDA and the European Medicines Agency in August 2006, and prompted the information was included in product labels in Europe two months later. [START_REF] Psaty | The record on rosiglitazone and the risk of myocardial infarction[END_REF] Observational research using health care database found that the treatment with TZD monotherapy was associated with a significantly increased risk of congestive heart failure (adjusted rate ratio [RR], 1.60; 95% CI, 1.21-2.10), acute myocardial infarction (RR, 1.40; 95% CI 1.05-1.86), and death (RR, 1.29 95% CI 1.02-1.62) compared with other oral hypoglycemic agent combination therapies. The increased risk of congestive heart failure, acute myocardial infarction, and mortality associated with TZD use appeared limited to rosiglitazone. [START_REF] Lipscombe | Thiazolidinediones and cardiovascular outcomes in older patients with diabetes[END_REF] Nelly Raquel Herrera Comoglio Eu2P PhD December 2019

II.2. The "post-rosiglitazone era": regulatory guidances for new non-insulin glucose-lowering agents

Three new classes have been introduced since 2005, the glucagon-like peptide-1 (GLP-1) receptor agonists, the dipeptidyl peptidase-4 (DPP-4) inhibitors, and the sodiumglucose cotransporter-2 (SGLT-2) inhibitors. Exenatide b.i.d., the first GLP-1 RA, was approved in the US in 2005 and sitagliptin, the first DPP-4 i, in 2006, and one year later in the UE. [START_REF] Blind | he European Medicines Agency's approval of new medicines for type 2 diabetes[END_REF] In September 2010 US FDA significantly restricted the use of rosiglitazone to patients who cannot control their Type 2 diabetes on other medications, and required that GSK develop a restricted access program for Avandia (rosiglitazone) under a risk evaluation and mitigation strategy -or REMS -available to new patients only if they are unable to achieve glucose control on other medications and are unable to take pioglitazone, the only other drug in the class of thiazolidinediones. Beecham Ltd., not to apply for a renewal of the marketing authorisation. [77,78] In December 2008, the US Food and Drug Administration (FDA) issued a Guidance for Industry recommending that "to establish the safety of a new antidiabetic therapy to treat type 2 diabetes, sponsors should demonstrate that the therapy will not result in an unacceptable increase in cardiovascular risk". At the time of NDA submission, all applicants have to compare the incidence of important CV events occurring with their investigational agent to the incidence of the same types of events in the control group. At least three major cardiovascular events (MACE) should be prospectively adjudicated: CV death, non-fatal myocardial infarction and non-fatal stroke, and can include other endpoints. This assessment can be accomplished through a meta-analysis of phase 2 and phase 3 clinical trials and/or throughout a single, large safety trial. [38] Cardiovascular Outcomes trials 20
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In 2012, the EMA issued guidance stating that a new glucose-lowering agent should preferably show a neutral or beneficial effect on parameters associated with cardiovascular risk(e.g. body weight, blood pressure, lipid levels), recommending that "the emphasis will be on major cardiovascular events (MACE) (CV death, non-fatal myocardial infarction and stroke) but hospitalization for unstable angina could also be included in a composite endpoint if the main objective is to exclude a safety signal. Other events, such as revascularisation and/or worsening of heart failure, will also be evaluated.

[ [START_REF] Patorno | Cardiovascular outcomes associated with canagliflozin versus other non-gliflozin antidiabetic drugs: population based cohort study[END_REF][START_REF] Ema | Reflection paper on assessment of cardiovascular safety profile of medicinal products[END_REF] As a result of these regulatory recommendations, an increasing number of large randomised controlled trials have been designed and conducted to assess the impact of non-insulin glucose-lowering agents on major cardiovascular outcomes. Due to randomised allocation and double-blind design, well designed and conducted RCTs are considered the "gold standard" for scientific evidence: every patient in a study has a known (usually equal) chance of receiving each of the treatments, the selection bias is minimised, and both known (and unknown) confounding factors are likely to be distributed in an unbiased manner between the groups. Random assignment of a large number of subjects into treatment groups usually leads to a good balance of observed and unobserved risk factors in all groups. Nevertheless, randomised controlled trials have major limitations when they are used to assess the role of medications in the aetiology and management of chronic diseases. The primary limitations arise from selected populations, the long-time required from trial design to completion, the relatively short duration of exposure, and under representativeness of frail elderly patients. Results obtained from trials can be misleading if generalised to the general population because effect sizes, baseline risks, and comorbidity have been shown to differ between trial populations and the broader population not represented in trials. [START_REF] Rawlins | Testimonio: on the evidence for decisions about the use of therapeutic interventions[END_REF][START_REF] Cordoba | Definition, reporting, and interpretation of composite outcomes in clinical trials: systematic review[END_REF] Although longer, with larger sample sizes, and including older patients, CV outcomes large trials for hypoglycemic agents are not completely free of these limitations. In particular, RCTs include selected populations (i.e., patients at high cardiovascular risk, exclusion of patients at the end stage of chronic renal disease, good treatment compliance); and patients are followed in conditions different from the clinical practice. cardiovascular death, and non-fatal events of similar clinical importance. However, analysis, interpretation and reporting of COs are complex and can be even misleading. The exploratory extended MACE endpoint (plus urgent revascularisation due to unstable angina, and hospital admission for heart failure) did not show differences, HR 0.98, 95% CI 0.86-1.12, either the hospital admission for heart failure HR 1.07, 95% CI 0.79-1.46). 65 Alogliptin had no effect on composite events of cardiovascular death and hospital admission for heart failure in the post hoc analysis (HR 1.00, 95% CI 0. Overall, the risk of hospitalisation for heart failure among the three eGFR severity groups of patients was 2.2% (reference), 7.4% (adjusted HR 2.38), and 13.0%

(adjusted HR 4.59), respectively. The relative risk of hospitalisation for heart failure with saxagliptin was similar in patients with different levels of eGFR.

Saxagliptin and placebo groups showed similar results in the change in eGFR and safety renal outcomes, including doubling of serum creatinine, initiation of chronic dialysis, renal transplantation, or serum creatinine >6.0 mg/dL. However, patients with renal impairment who were treated with saxagliptin achieved similar reductions in microalbuminuria than those of the overall trial population. [START_REF] Udell | SAVOR-TIMI 53 Steering Committee and Investigators. Saxagliptin and cardiovascular outcomes in patients with type 2 diabetes and moderate or severe renal impairment: observations from the SAVOR-TIMI 53 Trial[END_REF] The change in albumin/creatinine ratio (ACR) did not correlate with that in HbA1c. 

Glucagon-like peptide 1 receptor agonists (GLP-1 Ras)

Glucagon-like peptide-1 (GLP-1 potentiates the insulin secretion from pancreatic beta cells and lowers inappropriate high glucagon secretion in a glucose-dependent manner; it also has effects in extrapancreatic tissues (gastrointestinal tract, heart, vasculature, and central and peripheral nervous system). Seven studies of the class of the glucagon-like peptide-1 receptor agonists: LEADER (liraglutide), SUSTAIN-6 (semaglutide), HARMONY (albiglutide) and the REWIND (dulaglutide) trials showed benefits on MACE; the PIONEER trial (oral semaglutide), the EXSCEL trial (exenatide) and the ELIXA (lixisenatide) showed non-inferiority but no beneficial effects on CV outcomes. 

Conclusion

This summary shows that most of the CVOTs assessing non-insulin blood glucoselowering drugs include high CV risk patients, who, in some trials, are the 100%. The inclusion of high CV risk patients is aimed to achieve the goal of showing absence of negative CV outcomes in the shortest possible time. [START_REF] Tomlinson | Effects of glucose-lowering drugs on cardiovascular outcomes in patients with type 2 diabetes[END_REF]111] The EMA guidance states that "the study population included in the studies supporting the marketing authorisation application should resemble the target population for the medicinal product. However, a higher representation of subjects with a high baseline risk for cardiovascular diseases and complications (…) compared to the target population may be acceptable for assessing cardiovascular safety profile regardless of whether a meta-analytic or a dedicated cardiovascular outcome trial approach is used." [START_REF] Ema | Reflection paper on assessment of cardiovascular safety profile of medicinal products[END_REF] These large double-blind, randomised, event-driven RCTs have adopted a non-inferiority design -in some cases, superiority is tested.

Excepted the CAROLINA trial (that assessed CV outcomes in patients treated with linagliptin or glimepiride), all the investigational products are compared to placebo in addition to standard care.

All the compounds of the class of DPP-4 i showed no effects on MACE, but some agents (saxagliptin, alogliptin) were associated with an increase in the risk of heart failure.

Conversely, because of the mechanism of action of SGLT-2, all these agents show benefits in terms of heart failure risk; however, the trials had different results. The differences in results might be caused by characteristics in populations (lower percentage of high CV risk patients in the dapagliflozin CVOT), but also by drugs' characteristics. [START_REF] Home | Cardiovascular outcome trials of glucose-lowering medications: an update[END_REF] In the class of GLP-1 RA, three agents have achieved reductions in risk of MACE: liraglutide, albiglutide and semaglutide; all are long-acting GLP-1 RA.

Liraglutide and empagliflozin received a US FDA approval for the reduction of the risk of cardiovascular death in adult patients with type 2 diabetes mellitus and cardiovascular disease prevention. [113,114] The question arises if the beneficial effect achieved in high CV risk patients can be obtained when treating unselected populations.

III. Generalizability of Cardiovascular

Outcome Trials to the Real World:

Implications for Clinical Practice
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III. Generalizability of Cardiovascular

Outcome Trials to the Real World:

Implications for Clinical Practice

Randomised clinical trials (RCTs) are considered the gold standard for assessing the efficacy of treatments because randomisation equally distributes known and unknown factors among control and intervention groups, reducing the potential for confounding:

the different groups are therefore comparable and, if the study is sufficiently powered, the effect of the intervention can be identified. [START_REF] Rawlins | Testimonio: on the evidence for decisions about the use of therapeutic interventions[END_REF] RCTs generate evidence on the benefits and harms of therapeutic interventions and are the primary basis for many regulatory decisions -the first and the more important one is the marketing authorisation -and clinical guidelines.

Since 2008, large trials evaluating clinically significant CV outcomes (cardiovascular outcomes trials, CVOTs) have provided insights on the CV safety of new non-insulin blood glucose-lowering agents (NIADs, non-insulin "antidiabetic" drugs). [38,115] In CVOTs, even if they have large sample size and a long follow-up period, mortality and events such as MI and stroke occur at a relatively low incidence rate. Because of this, CVOTs need to gather significantly clinical events in one primary composite endpoint; this allows sufficient power for evaluation. Most CVOTs assessing the effect of NIADs on Type2 diabetes mellitus population (T2DM) have a primary composite outcome of three-points (i.e. myocardial infarction, stroke and CV death) or four-points major adverse cardiovascular events (usually including unstable angina). [116 -118] As the CV events included in the primary composite outcome are relatively rare, CVOTs generally include patients with a high risk of CV and with an expected high rate of CV events (e.g. patients with prior ischemic events occurred in a defined time) to ensure that the trial will have sufficient statistical power and to achieve the required number of events in the shortest time -usually more than two years. In CVOTs, many patients had established CVD, which ranged from 41% in DECLARE-TIMI (dapagliflozin) to 100%

in EXAMINE (alogliptin), ELIXA (lixisenatide), EMPA-REG OUTCOME (empagliflozin), and HARMONY (albiglutide). [108, 86, 94, 105, 98] These selected populations limit the generalizability of the results and prevent the assessment of primary prevention. [START_REF] Giugliano | Glycemic Control, Preexisting Cardiovascular Disease, and Risk of Major Cardiovascular Events in Patients with Type 2 Diabetes Mellitus: Systematic Review With Meta-Analysis of Cardiovascular Outcome Trials and Intensive Glucose Control Trials[END_REF] For instance, the rate of events in patients with a recent MI or ACS is much higher than in the general population, [START_REF] Jokhadar | Sudden death and recurrent ischemic events after myocardial infarction in the community[END_REF][START_REF] Johansson | Mortality and morbidity trends after the first year in survivors of acute myocardial infarction: a systematic review[END_REF][START_REF] Tangri | Long term health outcomes in patients with a history of myocardial infarction: A population based cohort study[END_REF] A meta-analysis of CVOTs that analysed results separately in patients with or without preexisting cardiovascular disease found that, compared with placebo, the use of both glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors was associated with a significant 14% lower MACE risk only in patients with preexisting cardiovascular disease at baseline; instead, the results were neutral for those patients without cardiovascular disease at baseline. [START_REF] Giugliano | Glycemic Control, Preexisting Cardiovascular Disease, and Risk of Major Cardiovascular Events in Patients with Type 2 Diabetes Mellitus: Systematic Review With Meta-Analysis of Cardiovascular Outcome Trials and Intensive Glucose Control Trials[END_REF] The comparability of populations included in CVOTs and the "real-world" populations that could benefit from the good results of these trials is not only a clinical but also an economic issue. The cost of newer therapies as SGLT-2 i and GLP-1 RA are roughly 5

to 10-fold more expensive than older treatments.

[124] For general populations, the benefit in terms of hospitalisations, adverse events (cardiovascular or not) and mortality remain to be assessed. When analysing hospital admissions costs, the differences in the event rates for MI, stroke or death for high CV risk populations and unselected populations should be taken into account, to not to oversize cost estimations. An economic-model analysis for "real-world" healthcare costs, but based on RCTs' populations might be misleading. [START_REF] Barrull | Análisis de coste-efectividad de empagliflozina en pacientes con diabetes mellitus tipo 2 y enfermedad cardiovascular establecida en España[END_REF] Follow-up duration should also be considered in the analysis of benefit because in primary care, patients usually maintain their treatments for much more extended periods than in CVOTs, and even observational studies.

III.1. Observational studies assessing the comparability of realworld populations with CVOTs' populations

Glucagon-like peptide 1 receptor agonists 

Conclusion

The results of three CVOTs has led the FDA to approve indications for antihyperglycaemic medications to reduce the risk of CV death (empagliflozin) and to reduce the risk of MACE (liraglutide, canagliflozin), both indications specific to patients with established atherosclerotic cardiovascular disease.

[115] The results of a metaanalysis of CVOTs show that the decreased risk of MACE in both glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors was confined to patients with previous CVD (a significant 14% lower MACE) but patients without preexisting CVD had a nonsignificant 2% higher MACE risk. [START_REF] Giugliano | Glycemic Control, Preexisting Cardiovascular Disease, and Risk of Major Cardiovascular Events in Patients with Type 2 Diabetes Mellitus: Systematic Review With Meta-Analysis of Cardiovascular Outcome Trials and Intensive Glucose Control Trials[END_REF] The studies mentioned in this section showed that, for SLT- [132] Because of their randomized allocation, well designed and conducted RCTs are considered as the gold standard for assessing the effects of drugs on populations.

Randomisation distributes equally known and unknown confounding factors in order to create a control group that is as similar as possible to the treatment group. However, in some cases clinical trials would be infeasible (e.g., when the safety outcome is very rare) or when the study of outcomes or exposures in an interventional or prospective study would be unethical. [START_REF]Food and Drug Administration Best Practices for Conducting and Reporting Pharmacoepidemiologic Safety Studies Using Electronic Healthcare Data[END_REF]134] It Expected results: For the drugs and period's study, adjusted results should be similar to those obtained in large randomized controlled trials evaluating the effect of glucose-lowering agents on cardiovascular outcomes. Thus, up to a 10% reduction in cardiovascular morbidity and mortality compared with the use of reference noninsulin glucose-lowering agents, metformin and sulfonylureas (SU) can be expected.

IV. 2. Protocol rationale

Research question:

Background:

Diabetes is an independent risk factor for CV disease. Cardiovascular disease has been estimated to be 2-4-fold higher in diabetic patients than non-diabetic, affecting 80% of patients with type 2 diabetes. The rates of CV disease, mortality and HF vary according T2DM patients' characteristics.

T2DM is a multifactorial disease that is defined by its glucose-related manifestations, although its etiology is not fully understood. Glycaemic control has shown to reduce microvascular complications and to be related in part to macrovascular disease. relative to HbA1c 6%-6.9%). [START_REF] Raghavan | Diabetes Mellitus-Related All-Cause and Cardiovascular Mortality in a National Cohort of Adults[END_REF] While the effect of effect of glucose-lowering agents on microvascular events has been established in different observational and interventional studies, the effect of glucose control on cardiovascular outcomes remains unclear.

An overview of the milestones in the diabetes research has been summarized in the section "Introduction"

Metformin is currently the primary drug of choice for type 2 diabetes patients. 

Objective: The aim of this study is to assess the effect in a clinical setting of non-insulin blood glucose-lowering agents on CV outcomes in cohorts of new users of Catalan

general practitioners' databases, in the period between Jan 1 st 2010 to Dec 31 st 2015.

This database is linked with mortality registries through administrative healthcare database CatSalut, from the Catalan Institut of Health.

Research hypothesis:

In the study period, non-insulin blood glucose-lowering agents introduced as add-on therapy (second or third-lines) or as monotherapy for bloodglucose control and diabetes-related complications' prevention, do not provide a clinically relevant benefit defined as a 10% reduction in cardiovascular morbidity and mortality compared with the use of reference non-insulin glucose-lowering agents, metformin and sulfonylureas (SUs).

IV.3. Protocol design

Observational, retrospective, longitudinal, population-based cohorts study utilizing secondary data from electronic healthcare database (de-identified demographic, clinical, and prescription data of patients registered in general practitioner's medical health records linked with databases hospitalizations' records and death registries).

Setting: Catalonia (Spain, European Union), is a North-Eastern Spanish province of 32,000 km² and 7,5 million inhabitants. Patients with use of any NIAD or insulin were excluded for the study on first-line therapies; however, we cannot rule out that patients who entered in the cohort in early 2010 could have been exposed previously to the agent supposed to be first-prescribed.

Source population:

For second-line therapies, patients had previous use of a NIAD agent, most patients were on metformin. The first prescription of the second-line agent added to metformin was considered the index date.

Risk of misclassification:

The 90-days period with no prescriptions of a given NIAD could result too short if chronic patients have their prescription refilled for more than 3 months. Roumie et al. report that in the US National Veterans Health Administration databases, seventy percent of our population received 90-day prescriptions, and 93% and 94% of metformin and sulfonylurea users, respectively, refilled their prescriptions within 90 days. In our study, the unintended inclusion of prevalent users can be suspected by the prescription patterns in the monotherapy study, in which 2010 year were 16% higher than in 2011, and this pattern was not repeated in the following years.

[162]

Washout period:

When assessing effects with a new-user design (i.e., patients newly prescribed a drug), the washout period warrants that patients have no prior prescription of the drug of interest in the healthcare system of the study. Washout period minimize the inclusion of prevalent users, who can be diagnosed of T2DM and treated outside the healthcare system used for the study. [START_REF]Food and Drug Administration Best Practices for Conducting and Reporting Pharmacoepidemiologic Safety Studies Using Electronic Healthcare Data[END_REF] Primary objective is to compare the time from the first prescription of a given noninsulin blood glucose-lowering agent to the recorded first occurrence of any component of a composite of major cardiovascular (CV) outcomes in cohorts of users of noninsulin glucose-lowering drugs.

Primary outcome is a composite of three-components of mayor cardiovascular events (MACE): all-cause death, non-fatal myocardial infarction (MI) and non-fatal stroke. However, mechanisms of actions of different classes of drugs often differ in their impact on CV outcomes, but also individual agents within a class -such it is the case for liraglutide and exenatide. Because of drugs' differences, no particular individual or composite end point can be seen as a "gold standard" for CVOTs of all glucoselowering drugs. [START_REF] Ferreira-González | Problems with use of composite end points in cardiovascular trials: systematic review of randomised controlled trials[END_REF] Nelly Raquel Herrera Comoglio Eu2P PhD December 2019

Secondary objectives

In the composite MACE, cardiac death is the top marker form benefit, but the rate of expected events usually makes necessary the addition of less definitive but more frequently occurring endpoints, such as MI and stroke, to enable outcome trials to be completed in a reasonable time and with reasonable costs.

In our study, the three-point MACE was chosen as a primary endpoint to emulate CVOTs and to make comparisons easier. MACE captures the first event of the composite, and also addresses competing risks. With some exposures, such as metformin and sulfonylureas, the high number of patients allows the assessment for each outcome separately. This cannot be the case, however, for exposures with a low number of patients, such as the ones newly introduced during the study period. The composite of MACE also allows the identification of the first event that occurred in the population at risk.

In our study, we included all-cause mortality. Diabetic patients, causes of death are mainly from CVD and cancer [25] All-cause mortality captures all the events and it reflect more accurately the benefit or harm of a treatment.

MI:

Myocardial infarction is the component of the three-points MACE; and a major event of CVD, can be fatal or non-fatal; MI can be also silent, with no clinical manifestations. We included all the codes for MI, with no exclusions.

Stroke:

We also included all the stroke events (ischemic, haemorragic and embolic)

Embolic events can be manifestations of other cardiac diseases, namely atrial fibrillation. The inclusion of embolic stroke may introduce nondifferential outcome misclassification. [START_REF] Filion | Sulfonylureas as initial treatment for type 2 diabetes and the risk of adverse cardiovascular events: A population-based cohort study[END_REF] All-cause mortality: All-cause mortality is the most important marker of benefit, although CV mortality is the end point included in MACE and most of the CVOTs.

Mortality is always pertinent with regard to medications (such as lipid-lowering agents) used to treat asymptomatic patients, because the only benefit is prevention of future disease.

[168] As SIDIAP has not access to complete registries coding the cause of death, CV mortality was excluded because of feasibility. SIDIAP database is linked

Risk of information bias:

SIDIAP contains diagnoses recorded by general practitioners. Although SIDIAP database can be linked with hospital discharges codes, in this dataset only GPs records are available. This is a significant source for information bias, that could be in principle non-differential, and non-fatal events (i.e., non-fatal MI and non-fatal stroke) could have been under recorded. The risk of information bias is much lower for all-cause mortality, because SIDIAP is linked with ICH administrative database. 

Rationale for the inclusion of a deprivation index:
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The MEDEA score (Mortality in small Spanish areas and economic and environmental inequalities" summarises the geographic patterns of mortality in Spain cities related to socioeconomic and environmental characteristics.

[172] A study found that in Barcelona, the mortality rate was 2.33 per 10 3 in men and 1.15 per 10 3 in women in Q1 and 3.49 per 10 3 in men and 1.52 per 10 3 in women living in Q4. Premature mortality rates showed higher premature mortality in the most deprived districts. of CVD in THIS study. [14] Hypertension and type 2 diabetes are common comorbidities. Hypertension is twice as frequent in patients with diabetes compared with those who do not have diabetes.

Moreover, patients with hypertension often exhibit insulin resistance and are at greater risk of diabetes developing than are normotensive individuals. [START_REF] Petrie | Diabetes, Hypertension, and Cardiovascular Disease: Clinical Insights and Vascular Mechanisms Can[END_REF] The REGICOR index is a local score for cardiovascular risk [START_REF] Díez | Comparison of the SCORE and REGICOR models for calculating cardiovascular risk in cardiovascular disease-free individuals at a healthcare center in Barcelona, Spain][END_REF][START_REF] Buitrago | Comparison of the REGICOR and SCORE function charts for classifying cardiovascular risk and for selecting patients for hypolipidemic or antihypertensive treatment[END_REF] Clinical Co-morbidities are those registered by general practitioners.

Risk of information bias:

For the recorded concomitant medication, there is a risk of information bias: events not recorded (such as MI or ACS treated in hospitals) or delays in recording.

For Renal failure, there is no data of eGFR creatinine levels or stages of disease. For heart failure, there is no data about hospitalization or NYHA classification categories.

Concomitant medication [ATC codes]

We extracted data of concomitant medication at baseline (up to 3 months before the index date)

Rationale for the inclusion of covariates:

Among the universally acknowledged risk factors for coronary artery disease: increased concentrations of low-density lipoprotein cholesterol, decreased concentrations of highdensity lipoprotein cholesterol, and increased triglyceride concentration, haemoglobin A1c, systolic blood pressure, fasting plasma glucose concentration, and a history of smoking. [START_REF] Petrie | Diabetes, Hypertension, and Cardiovascular Disease: Clinical Insights and Vascular Mechanisms Can[END_REF]177] HbA1c has shown a direct association in the risk of stroke in T2DM patients, with a stepwise increased risk of death for every 10 mmol/mol categorical increment of HbA1c

for the highest HbA1c category. [START_REF] Zabala | Risk of first stroke in patients with type 2 diabetes and the relation to glycaemic control: a nationwide observational study[END_REF] Patients with history of myocardial infarction (MI) or stroke are at higher risk of a recurrent event, but also of other manifestations of cardiovascular (CV) disease such as stroke. [START_REF] Tangri | Long term health outcomes in patients with a history of myocardial infarction: A population based cohort study[END_REF] The annual death rate for survivors of MI is 5% six-fold than in people Patients older, male, with diabetes, prior stroke, heart failure, unstable angina, and no revascularization have worse long-term prognosis. [START_REF] Tangri | Long term health outcomes in patients with a history of myocardial infarction: A population based cohort study[END_REF] After the first year, MI survivors remain at higher risk than the general population, particularly if there are additional risk factors such as older age, hypertension, or diabetes, all of which lead to worse outcomes. [START_REF] Johansson | Mortality and morbidity trends after the first year in survivors of acute myocardial infarction: a systematic review[END_REF] Patients with a past stroke are an increased risk of a recurrent event (approximately 7%/year). Concomitant medication is defined as every drug with an active prescription at the index date (the day of prescription of a given glucose-lowering agent)

Concomitant medications



Rationale for the choice of concomitant medications:

NSAIDs increase CV risk, especially selective cyclo-oxygenase-2 (COX-2) agents, but also non-selective agents not inhibiting enough the production of thromboxane A2. The higher cardiovascular risk is for diclofenac
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Depression is very prevalent among patients with T2DM and is associated with several key diabetes-related outcomes. [START_REF] Salinero-Fort | Prevalence of depression in patients with type 2 diabetes mellitus in Spain (the DIADEMA Study): results from the MADIABETES cohort[END_REF] 

Exposures

Exposure definition

Subjects are considered exposed if a given non-insulin glucose lowering agent is prescribed. SIDIAP contains prescription records that are linked with administrative data of Catalan Institut of Health. However, as prescription is a proxy of dispensing, which is in turn a proxy of administration drug, treatment compliance could not be assessed.

SIDIAP also contains information about drug strength, number of units for package and the number of packages dispensed. This information has not been analysed in the present protocol.

A patient was considered as exposed to a given agent from the date of the filled prescription of a first new non-insulin glucose-lowering agent (index date) until the day of the prescription of a new agent (either addition or switching) or loss of follow-up.

To compare adequately the effect of two or more agents, similar disease severity's populations should be selected, comparing similar lines of therapies (i.e., second-line to second-line) would allow to avoid bias. [START_REF] Patorno | Observational studies of the association between glucose-lowering medications and cardiovascular outcomes: addressing methodological limitations[END_REF] When a given agent is added for the first time to a pre-existing glucose-lowering therapy (for instance, metformin or sulfonylurea), the exposure will be re-assigned to double-therapy (i.e., MET + X or SU + X). If a new agent is added to a double therapy, this addition will be compared to the existing double therapy, as an "add-on" therapy (i.e. "MET+SU+ X" will be compared to "MET+SU" OR "MET+SU+Y"
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For cohorts of new users of metformin and SU, patients will be reassigned to if another hypoglycemic agent is prescribed.

Initial date of observations: January 1 st 2010

Final date of observations: December 31 st 2015

Patients will be considered exposed to a non-insulin glucose-lowering agent after the first prescription of any of the following:

Substances [ATC code] (date of EU approval)  Metformin[A10BA02]  Sulfonylureas [A10BB]: o First-generation SUs: chlorpropamide [A10BB02], tolbutamide [A10BB03], acetohexamide [A10BB31], carbutamide [A10BB06], tolazamide [A10BB05], metahexamide, [A10BB10].
o 

Combined drugs:

When fixed-combinations were prescribed, the exposure was considered as the addition of the compounds. We have used only data about the agent. No doses were extracted or analysed.

Exposure data source and extraction

Exposure validation

The Catalan Health Institute (Servei Català de la Salut [CatSalut]) manages a database which contains information about the dispensed drug, patient, prescriber and primary care center, and funds a percentage (for work active population) or the total amount of dispensed medicines (for retired people). SIDIAP prescription records are linked with CatSalut dispensing records.

Further validation of exposure has not been performed.

Exposure ascertainment

Exposures have been identified by ATC codes. The exposure is defined though an "as treated" approach. Patients are considered at risk for a given agent from the date of prescription (index date) to the date of the prescription of another agent.

Information bias:

There are no data about adherence. Prescription and dispensing are both proxies of administration.

Low risk of nondifferential information bias. Low risk of nondifferential misclassification.

Outcomes Outcomes data source and coding
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To obtain the data for the study's endpoints, outcomes were extracted from SIDIAP database, with ICD-10 coded diagnoses recorded by general practitioners.

For the present study, incident CV events are identified by ICD-10-CM:

 myocardial infarction (I21)
 Hospitalization for unstable angina (I20)

 stroke (I61. I62, I63, I64), In our study, we do not have the codes for causes of death, and because of this, the initial aim to assess specifically CV mortality has given up.


In the initial version of the protocol, cardiovascular (CV) death was defined as: 

 ICD-

Outcomes measurement

Incidence rates of primary composite outcome (PCO)and secondary composite outcome (SCO) and secondary outcomes (SOs) will be retrieved from SIDIAP database.

For each cohort, incidence rate will be calculated from the index prescription (first prescription of a new non-insulin glucose-lowering agent) until the first event of the PCO, SCO, or events detailed in SOs, switching to or addition of another agent or end of the observation period.

Bias

Selection bias: SIDIAP includes data of the 80 % of total Catalan population. Since all new prescription of a non-insulin glucose-lowering agent defines selection, there is a low possibility of selection bias.

Differential misclassification of exposure in study and concomitant medications is unlikely due to the administrative nature of the system.

A possible outcomes' misclassification can occur if the event occurred out of the Catalan health system and it hasn't been recorded in GP records.

In studies comparing drugs that have similar indications, patients will be assigned to therapies for reasons that are difficult to measure ("channelling").

[168] The measurement of all factors plausibly related to prognosis is essential.

Analysis plan Statistical Analyses (as described in the Section V: First-line monotherapies, XVG)

As descriptive statistics of the sample frequencies (percentage) were used for categorical variables and mean (standard deviation) or median (interquartile range) for quantitative variables. Inverse probability of treatment weighting (IPTW), was used to create pseudopopulations of SUs and metformin initiators with similar covariate distribution. This approach has been shown to be particularly suitable when the outcome is a time to event measure.

Weights were stabilised to avoid extreme values and increase precision in the estimates.

Propensity scores and IPTWs were generated for each imputed data set.

Event rates per 10,000 person-years were calculated for events. For each event, time to follow-up we defined as the time between cohort entry (the first prescription of metformin or SUs alone) and the event. Patients were followed up until prescription of a different antidiabetic drug, death, transfer or end of study. Cox proportional hazard models were used to estimate the hazard ratios with 95% CIs.

All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC).
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Subgroups analysis

For exploring heterogeneity treatment's effect, descriptive subgroup analysis will be performed: Exploratory subgroup analysis will be derived from data.



Quality assurance, feasibility and reporting

Quality assurance:

Data validation for outcomes is not foreseen due to feasibility reasons. For study's exposures CatSalut, as an administrative database, performs validations.

Feasibility:

To conduct this study, an agreement has been signed between Institut Jordi Gol and the Fundacio Catalan Institut of Farmacologia.

Register:

The initial protocol has been registered in ENCePP with the number 18510. Results

have been submitted to publication.

Reporting:

Study results are reported according to STROBE and RECORD-PE guidelines. [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF]184] Recommendations about graphical depiction were followed.

[141]

Ethical issues

The The rationale for the use of metformin as first-line glucose-lowering pharmacological therapy in type 2 diabetes is based on its glucose-lowering efficacy: as insulin-sensitiser, metformin counters insulin resistance and lowers basal hyperinsulinaemia, while avoiding significant hypoglycaemia or weight gain. [START_REF] Bailey | Cardiovascular protection in type 2 diabetes: Insights from recent outcome trials[END_REF] Heart failure was a formal contraindication for metformin because of the risk of lactic acidosis, a very rare but potentially fatal adverse effect related to biguanides; this contraindication had been removed in 2006 based on observational studies. [START_REF] Inzucchi | Metformin in heart failure[END_REF][START_REF] Lipska | Metformin Use in Patients With Historical Contraindications[END_REF] Severe renal impairment, heart failure and liver impairment are risk factors for lactic acidosis. [START_REF] Lipska | Metformin Use in Patients With Historical Contraindications[END_REF]190] In April 2016, the US Food&Drug Administration modified the labelling, the use of metformin is contraindicated if eGFR <30 mL/1.73m 2 and not recommended if 30-45 mL/minute/1.73m 2 . [190] In spite of the relatively low number of patients randomised to metformin, the United Kingdom Prospective Diabetes Study (UKPDS34) represents one of the milestones in T2DM treatment: it found a significant reduction of any diabetes-related end-point, diabetes-related mortality, and all-cause mortality in 342 obese, newly diagnosed T2DM people, compared with conventional therapy of insulin or first or second-generation sulfonylureas. [53] In the UKPDS post-trial monitoring, relative reductions in risk persisted at 10 years in the SU-insulin group for any diabetes-related endpoint (9%) and microvascular disease (24%), risk reductions for myocardial infarction (15%) and death from any cause (13%) emerged over time; in the metformin group, significant risk reductions were more than two-fold higher than those of the SUs-insulin group: 21%, for any diabetes-related endpoint, 33% myocardial infarction, and 27% for death from any cause. [55] In 2005, the International Diabetes Federation recommended metformin as an initial glucose-lowering pharmacotherapy for T2DM. In 2011 metformin was included in WHO's essential medicines list. [191,[START_REF] Scheen | Metformin revisited: a critical review of the benefit-risk balance in at-risk patients with type 2 diabetes[END_REF] Local guidelines in Catalonia, published in 2010, recommended metformin as initial diabetes therapy. [193] Apart from the UKPDS study, there is scarce experimental evidence regarding cardiovascular (CV) and mortality outcomes for sulfonylureas (SUs) compared with metformin: a systematic review found six trials comparing second-generation sulphonylureas versus metformin. [START_REF] Hemmingsen | Sulphonylurea monotherapy for patients with type 2 diabetes mellitus[END_REF] A RCT assessing CV events in 304 high-risk Chinese T2DM patients obtained favourable results for metformin, compared with glipizide. [START_REF] Han | Effect of metformin on all-cause and cardiovascular mortality in patients with coronary artery diseases: a systematic review and an updated meta-analysis[END_REF] Observational studies have almost consistently reported higher risks for SUs compared with metformin. [196-200, 167, 162] The CV benefits of metformin have been highlighted in recent publications [START_REF] Scheen | Metformin revisited: a critical review of the benefit-risk balance in at-risk patients with type 2 diabetes[END_REF]. We carried out a longitudinal cohort study to assess the risk of cardiovascular outcomes and all-cause mortality. The primary objective was to evaluate the risk of the time to the first event of the composite of major CV events (non-fatal myocardial infarction and nonfatal stroke) and all-cause mortality (MACE). Secondary objectives are to assess the risk of the time to the first event of all-cause mortality, myocardial infarction (MI), stroke, heart failure and peripheral artery disease (PAD) in cohorts of T2DM people registered in the general practitioner Catalan health care database, SIDIAP.

Cohorts of patients were defined by their exposures to non-insulin blood glucoselowering drugs. In this paper, we first focused on monotherapies, metformin, sulfonylureas, dipeptidyl peptidase-4 inhibitors and meglitinides as first-line therapies in drug-naïve patients. Other first-line monotherapies were not assessed due to the reduced number of patients exposed. We also evaluated clinical outcomes in cohorts on the most used second-line combined treatments, metformin and SUs: we compared patients who were prescribed SUs added to metformin to patients who initially were treated with SUs and were prescribed metformin added to SUs. Based on the existing observational evidence, we hypothesise that patients had a lower risk of mortality and cardiovascular outcomes in patients newly treated with first-line metformin compared with those newly prescribed sulfonylureas as monotherapy.

The protocol has been evaluated by the Clinical Investigations Ethics Review Board from the Investigation in Clinical Care Institut Jordi Gol, and an agreement has been signed between the Institut Jordi Gol and the Catalan Institute of Pharmacology. According to local regulation, to maintain data confidentiality and patient anonymity, patient information was de-identified before data extraction and analysis. The protocol has been registered in the ENCePP registry (protocol 18510) and reported according to STROBE and RECORD-PE guidelines. [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF]184] Design:

Analysis of longitudinal electronic health records data. We did a population-based cohort study of adult T2DM patients who started a first-line monotherapy. To reduce bias we used an incident user design. For patients who initiated these treatments in the study period, we analysed outcomes of patients who were prescribed a second-line therapy with the combination metformin+ SUs. 

Follow-up

Patients were followed until the first event of primary and secondary outcomes, the first prescription of a different NIAD group, or end of study 31st December 2015, whatever came first. Washout period: We extracted data from patients with no prior exposure to any bloodglucose-lowering agent (including insulins) in the 90 days before the index date. (C10A), non-steroidal anti-inflammatory drugs (NSAIDs) (M01A), and Antidepressants (N06A). Besides the study's exposures, we extracted the concomitant use of insulin (A10A) during the study period, to adjust for insulins use.

SIDIAP database

Outcomes:

The primary outcome is a composite of three-components of major cardiovascular events Inverse probability of treatment weighting (IPTW), was used to create pseudopopulations of each NIAD group initiators with similar covariate distribution. This approach has been shown to be particularly suitable when the outcome is a time to event measure.

Weights were stabilized to avoid extreme values and increase precision in the estimates.

Propensity scores and IPTWs were generated for each imputed data set.

Event rates per 1,000 person-years were calculated for events along with their 95% confidence intervals (CIs). For each event, time to follow-up we defined as the time between cohort entry (the first prescription of metformin or SUs alone) and the event, prescription of a different antidiabetic drug, death, or end of study. Cox proportional hazard models were used to estimate the hazard ratios with 95% CIs.

A sensitivity analysis for the 2011-2015 period was conducted to minimise in a higher extend the risk of misclassification of prevalent-users as incident-users.

All analyses were performed by Prof. Xavier Vidal using SAS 9.4 (SAS Institute Inc., Cary, NC).

Results:

123,260 patients were newly prescribed first-line monotherapy. The most used were metformin (89.68 %) and SUs (6.54%); 4900 patients (4.04%) received other agents: DPP-4 i (1.73%), repaglinide (1.77%), thiazolidinediones (0.18%), glucagon-like peptide 1 receptor agonists (0.13%), alpha-glucosidase inhibitors (0.15%), and a negligible proportion of patients were prescribed dapagliflozin and guar gum.

There were 110,535 patients newly prescribed metformin; 7,739 incident users received SUs; 2, 139 patients were treated with PPD-4 i and 2,233 patients received meglitinides as monotherapy.

Since 2011 to 2015, incident prescriptions for first-line monotherapies of metformin, sulfonylureas and meglitinides decreased gradually by 25%, 75% and 60%, respectively, while incident prescriptions of DPP-4 i as first-line monotherapy remained stable. The sharp fall in prescriptions of all therapeutic groups between 2010 and 2011 could be caused by misclassification of prevalent users, due to the short period (90 days) applied for the exclusion of prevalent users in the SIDIAP database. Trends in prescriptions are shown in Figure 3.

Almost all SUs used were second-generation compounds, being the most prescribed gliclazide (55%), glibenclamide (28%) and glimepiride (15%). For dipeptidyl peptidase-4 inhibitors the most prescribed agent was sitagliptin (by 51%), followed by vildagliptin and linagliptin (by 22% and 20% respectively). Repaglinide was the only prescribed agent in the meglitinides class. Absolute and relative figures of prescriptions for first-line monotherapies are shown in Table 1. for new users of metformin and SUs, respectively. Concerning the socio-economic status, 31% of patients lived in the most deprived areas and 26.5% in the least deprived. Significant results are highlighted in bold.

There were 2139 patients newly prescribed DPP-4 i first-line monotherapy. This cohort had the highest percentage of patients treated with statins (43.9%) and other lipidlowering drugs (7.3%). According to the MEDEA index, the cohort was well-balanced, 28.7 % and 29.7% lived in the most and least deprived areas, respectively.

Baseline REGICOR score is not commented, due to the high percentage of missing data for all the four cohorts (range 59.1% to 78.6%).

Table 2 shows the baseline characteristics of patients newly prescribed first-line monotherapies (only metformin, SUs, DPP-4 i and repaglinide, accounting for 99.72% of the total first-line monotherapy cohort).

In the four assessed cohorts, during the study period, there were 9588 first events of MACE. There were 1004 myocardial infarctions, 2,952 events of stroke and 6,123 patients died. There were also 2,779 new diagnoses of heart failure and 2,078 of PAD.

After adjusting for all available demographic, clinical and concomitant medications data at baseline and for the use of insulin after the index date and before or on the date of the event, compared with MET monotherapy alone, all other classes (SUs, DPP-4 i and meglitinides) were at higher risk of MACE (for SUs, HR showed HR favouring the use of other therapeutic groups vs metformin, for any outcome.

Table 3 shows the number of events in each cohort, the person-years period, the crude incidence rate and the adjusted hazard ratios.

We also stratified the cohorts of metformin and SUs newly prescribed first-line monotherapy patients by the use of insulin during the follow-up, and by age, sex, HbA1c, diabetes duration, body mass index (BMI), history of CVD, history of HF, history of renal failure (RF) and MEDEA deprivation index.

Patients on SUs monotherapy were at higher risk of:

 MACE at any age (but at higher risk if they were ≥75years old) if they have not used insulin during the follow-up period, had no prior history of CVD, HF or RF, and lived in rural or most deprived areas.

 MI, if they had no use of insulin, patients were ≥ 75 years, were women, had HbA1c < 8%, any time of diabetes duration, but at higher risk if they had 0-4 years of >15 years, BMI ≥ 30, had no prior CVD, no prior HF and lived in the most deprived urban areas.

 Stroke, at any age, if patients had no use of insulins during the follow-up period, had HbA1c <8%, shortest diabetes duration, higher BMI, no history of CVD, HF or CKD, and living in rural areas.  HF with no insulin use, higher risks when older, male, had lower HbA1c, BMI from 25 to 39.9, no history of HF and rural or living in most deprived urban areas.

The risks for HF were high irrespective of previous events of CV or CKD diagnosis, but the magnitude was greater for those with no prior events of CV or CKD diagnosis.

 PAD with no use of insulin, elderly, HbA1c <8%, diabetes duration 5-9 years, BMI 30-39.9, and no history of HF or CKD. The risk of PAD for SUs users was higher than for metformin users irrespective of they had past diagnoses of CVD or not, or area of residence.

In general, SUs new users were at higher risk of for all the outcomes if they had no insulin therapy during the follow-up, HbA1c < 8%, shorter diabetes duration, older age, no prior history of CVD, HF or CKD and living in most deprived areas. Women using SUs were at higher risk of MI and men had a higher risk of HF. Diabetes duration > 15 years was positively associated with the occurrence of MI and PAD.

Living in deprived areas was positively associated with MACE, all-cause mortality, MI and HF, but not with stroke or PAD.

Results of subgroup analyses are shown in Table V.4.

Among patients on metformin monotherapy who received a second-line agent, 17,541 patients received SUs (52.68%); while among those who had been newly prescribed SUs, 3,217 patients (41.57%) were added MET as second-line combined treatment.

For second-line dual therapies, compared with the addition of SUs to metformin, the cohort of patients receiving metformin added to SUs did not present a statistically higher risk in any of the endpoints analyzed. Results are shown in Table V.5.

A sensitivity analysis was performed with drug-naïve patients who initiated their firstline monotherapy from January 

Discussion

In our study, in first-line monotherapy, second-generation sulfonylureas were associated with a significant excess risk of MACE, all-cause mortality, MI and stroke events and risk of HF and PAD diagnoses, compared with metformin. Interestingly, SUs users with no history of CVD, HF or CKD had increased risk for all outcomes. These results are consistent in direction with those obtained in observational studies comparing SUs and MET in monotherapy, although the magnitude of estimates varied.

The meta-analysis of p = 0.89). There was a significant correlation of the effect of metformin on cardiovascular events with trial duration and with minimum and maximum age for inclusion. [START_REF] Lamanna | Effect of metformin on cardiovascular events and mortality: a meta-analysis of randomized clinical trials[END_REF] Except for a few prospective studies [202, 203.] and a meta-analysis [START_REF] Varvaki Rados | The Association between Sulfonylurea Use and All-Cause and Cardiovascular Mortality: A Meta-Analysis with Trial Sequential Analysis of Randomized Clinical Trials[END_REF], most of the observational evidence regarding the safety of newly treated T2DM patients, either with SUs or metformin, reported a higher risk of all-cause and CV mortality for SUs users. [196-200, 167, 162] A meta-analysis of 82 RCTs and 26 observational studies found that SUs increase risks of all-cause mortality and cardiovascular-related mortality compared with all other treatments combined; the risk of myocardial infarction was significantly higher for SUs compared with DPP-4 inhibitors and sodium-glucose co-transporter-2 inhibitors, and the risk of stroke was significantly higher for SUs than for DPP-4 inhibitors, GLP-1 RAs, thiazolidinediones (TZD) and insulin. [ In second-line therapies combining metformin and sulfonylureas, there were no differences in any outcome between cohorts of patients previously treated with SUs compared with patients who were first treated with metformin and were added SUs as second-line treatment. These results suggest that patients on combined therapies including metformin can have lesser risks than those on SUs alone, irrespective of the initial monotherapy. To avoid immortal-time bias and time-lag bias, we didn't do comparisons between patients on first-line and second-line therapies. Instead, Gulliford et al. reported [START_REF] Gulliford | Mortality in type 2 diabetic subjects prescribed metformin and sulphonylurea drugs in combination: cohort study[END_REF] reported no differences in mortality between the second-lines of combined therapies metformin and SUs and their respective first-lines monotherapies; in this study, only patients who have survived to the first-line therapy could be included in the combination one, thus presenting with immortal-time bias. Fisman et al. in their prospective observational study, compare mortality in patients with metformin monotherapy and combination therapy, thus comparing different severity stages and presenting with lag-time bias, reported an increase of mortality with the combination therapy. [START_REF] Fisman | Oral antidiabetic treatment in patients with coronary disease: time-related increased mortality on combined glyburide/metformin therapy over a 7.7-year follow-up[END_REF] Other monotherapies assessed in our study didn't show any benefit compared with (Appendix A ) However, the CAROLINA trial assessed a head-to-head comparison of linagliptin vs glimepiride and didn't show differences between agents; this result should raise scepticism about the "no effect" of this DPP-4 i, given that glimepiride belongs to the SU class. [START_REF] Gulliford | Mortality in type 2 diabetic subjects prescribed metformin and sulphonylurea drugs in combination: cohort study[END_REF] Of note, in a recently published observational study linagliptin was associated with a non-significant 9% decreased risk in the composite cardiovascular outcome (HR 0.91 [0.79-1.05]) [START_REF] Rosenstock | Effect of Linagliptin vs Glimepiride on Major Adverse Cardiovascular Outcomes in Patients With Type 2 Bibliography 173[END_REF] In our study patients on DPP-4 i monotherapy were at a significantly increased risk of MACE and all-cause mortality; and an excess of risk of MI cannot ruled out, this finding deserves further research.

Scheller et al. didn't find differences between sitagliptin monotherapy compared with

metformin monotherapy in the risk of all-cause mortality or the composite endpoint MACE but was associated with an increased likelihood of changing glucose-lowering treatment. [START_REF] Scheller | Allcause mortality and cardiovascular effects associated with the DPP-IV inhibitor sitagliptin compared with metformin, a retrospective cohort study on the Danish population[END_REF] Sitagliptin was the monotherapy used by almost 51% of patients treated with DPP-4 i in our study.

Ou et al. found that metformin users had significantly lower risks for composite CVD risk (aHR 0.87, 95 % CI 0.79-0.94), as well as those for MI, HF, and hypoglycemia, as compared to those of DPP4i users. [START_REF] Ou | Risks of cardiovascular diseases associated with dipeptidyl peptidase-4 inhibitors and other antidiabetic drugs in patients with type 2 diabetes: a nation-wide longitudinal study[END_REF] Results of 19 observational studies assessing the use of DPP-4 i vs no use, metformin, SUs, insulin and other antidiabetic drugs (OADs) are summarised in the Appendix A.

Only one cohort study [START_REF] Chen | Sitagliptin and cardiovascular outcomes in diabetic patients with chronic kidney disease and acute myocardial infarction: A nationwide cohort study[END_REF] found an excess of risk of MI and percutaneous revascularisation with sitagliptin vs non-use in patients with chronic kidney disease and myocardial infarction. Another cohort study in Korean patients [START_REF] Shin | The effect of sitagliptin on cardiovascular risk profile in Korean patients with type 2 diabetes mellitus: a retrospective cohort study[END_REF] found that, compared with metformin, sitagliptin was not associated with an elevated risk of CV complications including myocardial infarction, ischemic stroke, heart failure, and coronary revascularisation, compared to metformin. In patients with high CV risk, results were similar.

Repaglinide was the only meglitinide prescribed in our study. Repaglinide users were significantly at higher risk of MACE, all-cause mortality and MI. There are a few observational studies assessing meglitinides in first-line treatments. renal failure who attend routine clinical care, fully representative of the "real-world" use.

The SIDIAP database of the nationwide healthcare system has extensively used for diabetes research. DM has been associated with increased mortality: all-cause mortality, involves cardiovascular, cancer and other morbidities' death, being a proper measure to assess therapies' benefits or harms. [25] Mortality records are linked with an administrative database and reflect all deaths, either within and outside hospitals. Another strength is that we assessed the first recorded diagnosis of PAD; a few observational studies included PAD in their outcomes. [START_REF] Yang | Association of Sitagliptin with cardiovascular outcome in diabetic patients: a nationwide cohort study[END_REF] PAD has been found to be the first manifestation of CVD in T2DM patients. [START_REF] Shah | Type 2 diabetes and incidence of cardiovascular diseases: a cohort study in 1.9 million people[END_REF] As significant limitations, we have no data on the population's smoking status, alcohol consumption or physical activity. The dataset is not linked with hospital registries, which is a source of non-differential information bias regarding events not recorded by GPs. In people with a history of HF or PAD at baseline, we can't know if the new diagnosis refers to a worsening or hospitalisation. We have not retrieved data on hypoglycaemic events, that can be related to falls, hip fractures and CV and overall mortality. The number of patients in nursing homes was not available; elder people living in nursing homes are at higher risk of mortality. [START_REF] Szczerbińska | The characteristics of diabetic residents in European nursing homes: results from the SHELTER study[END_REF]. Data about the administered medication during hospitalisation, if any, were not available, and this can introduce risk of non-differential misclassification bias. Another limitation of our study is the lack of data on adherence, though prescriptions and dispensing are both proxies of drug administration. Additionally, we have not analysed different doses of the same agent, or stratified by agents in the cases of SUs and DPP-4 i. Another important remark is that prescriptions of first-line monotherapy agents fell sharply between 2010 and 2011, while steadily and slightly decrease since 2011, with differences among groups.

As the coded, de-identified dataset which serves as a basis for our study excluded patients with a previous prescription of the given agent within the 90 days before the index day, it is plausible that this period was not long enough, and prevalent-users were High-quality observational studies have suggested an increased CV risk for SUs. One of the shortcomings highlighted in these studies is the use of a composite endpoint, [START_REF] Filion | Sulfonylureas as initial treatment for type 2 diabetes and the risk of adverse cardiovascular events: A population-based cohort study[END_REF] introducing possible masking of the associations with the individual components. We assessed both the composite -as primary -and individual components -as secondary outcomes, and results were consistent for an increased risk of SUs. However, our results

showed higher estimates than those reported in other studies, but are close to the one reported by Filion et al. for all-causes mortality. [START_REF] Azoulay | Sulfonylureas and the Risks of Cardiovascular Events and Death: A Methodological Meta-Regression Analysis of the Observational Studies[END_REF][START_REF] Filion | Sulfonylureas as initial treatment for type 2 diabetes and the risk of adverse cardiovascular events: A population-based cohort study[END_REF] Residual confounding and bias might explain these differences, but also they can be due to the choice of metformin as a comparator, [START_REF] Azoulay | Sulfonylureas and the Risks of Cardiovascular Events and Death: A Methodological Meta-Regression Analysis of the Observational Studies[END_REF] and the outcome all-cause mortality instead of CV mortality both in primary composite and in the individual secondary outcome. In all-cause mortality, hypoglycaemia events and possibly cancer or other causes could play a major role. [START_REF] Azoulay | Sulfonylureas and the Risks of Cardiovascular Events and Death: A Methodological Meta-Regression Analysis of the Observational Studies[END_REF]25] Excluding the data of 2010, trends in incident first-line monotherapies prescriptions could reflect a decrease in new diagnoses of T2DM, as highlighted by other authors. [3] Prescriptions of meglitinides and sulfonylureas decreased more than twice those of metformin (60% and 75% vs 25%), thus showing adherence to the local guidelines. In our study, in patients with first-line treatment, 89,68% of patients were treated with metformin, according to local and international recommendations. A low percentage of patients who were newly prescribed metformin had a history of HF and or renal failure (4% adding the two proportions), suggesting that the contraindications amended in 2006 (for HF) and 2016 (for RF) could still be taken into account by prescribers. Among all the first-line newly prescribed patient, 7,739 patients (6.54%) were treated with SUs. In the SUs cohort, 10.2 % of patients had a history of RF, and 4.1% of HF, accounting for a total of 13.6% of patients with both conditions.

Conclusion

In this study, compared with metformin, the use of sulfonylureas in first-line monotherapy is associated with higher risks of all-cause mortality, MI, stroke, HF, PAD and MACE. This observational evidence strengths the concept of first-line use of metformin and adds confirmatory concerns about mortality and CV effects of sulfonylureas monotherapy. Additionally, in our study, the use of other agents (secretagogues such as repaglinide and DPP-4 i) didn't show beneficial effects over metformin. The results of second-line comparison suggest that metformin has beneficial effects when added to SUs monotherapy.

In this study, roughly 86.4% of patients on SUs were free both of HF and RF at baseline could have benefited from metformin-based regimes.

If no sound contraindications exist, the use of metformin-based treatments should always be considered. Recommendations for metformin use should be strengthened in clinical practice. mmol/L) in secondary prevention. [193] Metformin is currently the first drug of choice for T2DM. The Catalan guideline states that metformin should be used in all patients, unless contraindicated or not tolerated.

VI. Cardiovascular outcomes and mortality in type 2 diabetes mellitus patients prescribed second-line, metformin-based non-insulin bloodglucose-lowering agents dual therapies

Other blood-glucose-lowering drugs are recommended to be used in second-line, in combination with metformin. Other agents should be added in a third-line treatment if glycaemic targets are not achieved. In all stages, the control of cardiovascular risk factors includes lifestyle interventions and pharmacological treatment.

Sulfonylureas stimulate the insulin release by binding to the sulfonylurea receptor 1 (SUR1), which is part ATP-sensitive potassium channel. Agents within the class vary considerably in their pharmacokinetic properties, have high bioavailability and reach peak plasma concentrations within 1.5-4.0 h, have long half-lives, being their effect more extended. SUs bind to plasma proteins, which can lead to interactions with other drugs such as salicylates, sulfonamides and warfarin. SUs are metabolized in the liver and eliminated via the bile and urine, which restrains their use patients with hepatic and/or renal impairment. [START_REF] Tahrani | Pharmacology and therapeutic implications of current drugs for type 2 diabetes mellitus[END_REF] Hypoglycaemia and weight gain are known adverse effects of this class of drugs. The cardiovascular safety of SUs has raised concerns since the early 1970s, though in the ten years follow-up analysis mortality and MI were reduced in the cohort initially treated with intensive therapy. [55,[START_REF] Bailey | Cardiovascular protection in type 2 diabetes: Insights from recent outcome trials[END_REF] (see also Section I, Introduction) Meta-analysis of RCTs have found SUs to increase mortality and CV mortality. [198, 205, 222,] Observational studies have also found more harm with the use of SUs than with other therapies. [START_REF] Bain | Cardiovascular events and all-cause mortality associated with sulphonylureas compared with other antihyperglycaemic drugs: A Bayesian meta-analysis of survival data[END_REF] [Appendix B]

As sulfonylureas (SUs), meglitinide analogues are insulin secretagogues that stimulate insulin release by inhibiting ATP-sensitive potassium channels of the beta-cell membrane, though binding to a receptor distinct from that of SUs. Both repaglinide and nateglinide are absorbed rapidly, stimulate insulin release within a few minutes, are rapidly metabolised in the liver and are mainly excreted in the bile. Therefore, following the preprandial administration of these drugs, insulin is more readily available during and just after the meal. Pharmacokinetic characteristics allow a significant reduction in postprandial hyperglycaemia without the danger of hypoglycaemia between meals. The short action and biliary elimination make repaglinide and nateglinide especially suitable for geriatric patients or in whom one of the other first-line antidiabetic drugs, i.e. metformin, is strictly contraindicated (e.g. nephropathy with creatinine clearance < or = 50 ml/min). [START_REF] Landgraf | Meglitinide analogues in the treatment of type 2 diabetes mellitus[END_REF] A study found that glibenclamide and repaglinide have similar efficacy in reducing blood-glucose markers over an eight week period when these agents are used to treat patients with inadequate glycaemic control on metformin monotherapy; Repaglinide improved postprandial glycaemic control by stimulating early-phase insulin release. [START_REF] Stephens | Effects of shortterm therapy with glibenclamide and repaglinide on incretin hormones and oxidative damage associated with postprandial hyperglycaemia in people with type 2 diabetes mellitus[END_REF] Meglitinides have found to have similar bloodglucose-lowering potency than metformin. [START_REF] Black | Meglitinide analogues for type 2 diabetes mellitus Cochrane Database[END_REF] Repaglinide, in addition to metformin, seems to be effective in reducing glucose-related markers. In a meta-analysis of 11

RCTs, repaglinide plus metformin was significantly more effective in decreasing two hours postprandial glucose-levels than glimepiride plus metformin; there were fewer events of hypoglycemia in the repaglinide plus metformin group, and no differences in HbA1c and fasting blood glucose. [START_REF] Xie | Short-term efficacy and safety of repaglinide versus glimepiride as augmentation of metformin in treating patients with type 2 diabetes mellitus[END_REF] However, there is scarce evidence concerning cardiovascular risk.

Dipeptidyl peptidase-4 inhibitors (DPP-4i) inactivates the proteolysis of the incretin hormones glucagon-like peptide 1 (GLP-1) and glucose dependent insulinotropic peptide (GIP), resulting in an increased glucose dependent insulin secretion. Native glucagonlike peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) account for up to 60% of postprandial insulin release, termed "incretin effect". GLP- Four large CVOTs has shown no harmful or beneficial effects of DPP-4 i in CV outcomes [START_REF] Green | Effect of Sitagliptin on Cardiovascular Outcomes in Type 2 Diabetes[END_REF][START_REF] White | Alogliptin after acute coronary syndrome in patients with type 2 diabetes[END_REF][START_REF] Scirica | SAVOR-TIMI 53 Steering Committee and Investigators. Saxagliptin and cardiovascular outcomes in patients with type 2 diabetes mellitus[END_REF][START_REF] Rosenstock | Effect of Linagliptin vs Placebo on Major Cardiovascular Events in Adults With Type 2 Diabetes and High Cardiovascular and Renal Risk: The CARMELINA Randomized Clinical Trial[END_REF] We conducted an observational, population-based cohort study to assess major cardiovascular outcomes and all-cause mortality in patients who were prescribed a second-line non-insulin blood glucose-lowering agent ("antidiabetic" agent, NIAD) added to metformin.

In chronic and evolving diseases, to differentiate clinical events as manifestations of the natural progression of the disease or as effects of treatments is challenging; moreover when treatment vary over time, and patients characteristics also change over the time.

[182] We performed comparison in second-line treatment added to metformin, to avoid comparisons between different severity of the disease. hen assessing the effects of treatments. As diabetes is an established risk factor for cardiovascular disease, longer diabetes duration or more severe disease are both associated with higher cardiovascular risk, as well as history of cardiovascular disease. Patients with poor glycaemic control requiring drug intensification in second or third-line therapies are likely to experience more CV events. To reduce confounding, comparisons between cohorts of patients should be made in the same lines of treatment.

The general characteristics of the study design have been described in other sections, only specifically those related to this study are reported.

Design

Analysis of longitudinal electronic health records data. We did a population-based cohort 

Follow-up

Patients were followed until the first event of primary and secondary outcomes, the first prescription of a different NIAD group, loss of follow-up (defined as no prescription of the drug during 12 months), or the end of study 31st December 2015.

Nelly Raquel Herrera Comoglio Eu2P PhD December 2019

Data extraction:

Selection: Patients with an active diagnosis code of T2DM, who had been first prescribed metformin during the study period and who received a new prescription of any NIAD in second-line monotherapy. The previous use of insulin (after the first prescription of metformin monotherapy) was no exclusion criterium. No further exclusion criteria were applied.

We extracted data from patients with no prior exposure to the given second-line bloodglucose-lowering agent before the index date. We extracted data of the use of insulin (A10A) during the study period, and after the first prescription of insulin, to adjust for insulins use.

Covariates ascertainment: Age, sex and time from T2DM diagnosis were retrieved at the date of the first prescription of the second-line agent added to metformin, with the same criteria used in the first-line cohorts.

Outcomes:

The primary outcome is a composite of three-components of major cardiovascular events 

Statistical analysis:

Statistical analyses have been described in the section "Firs-line therapies" All analyses were performed by Prof. Xavier Vidal using SAS 9.4 (SAS Institute Inc., Cary, NC).

Results

Among As patients are selected from the cohort of first-line monotherapy new-users of metformin, the graphic shows that there is low risk of misclassification in prevalent and incident users. All curves increased over time, reflecting the incorporation of patients who needed intensification therapies. In the six cohorts, during the study period, there were 1,834 first events of MACE. There  For MACE, patients were at higher risk if they had previous history of H, were overweight and female. There was a trend toward higher risk for patients with previous history of CVD and for those with no previous use of insulin.

 For all-cause mortality, patients were at higher risk if they had history of HF, there was a trends toward increased risk for women.

 For MI, patients were at higher risk if they had history of CVD, an increased risk for patients with history of HF cannot ruled out.

 For stroke, there was no differences between subgroups  For heart failure (HF) and peripheral artery disease (PAD), patients were at higher risk if they had history of HF.

Results of the sub-group analysis for patients on MET+DPP-4 i are shown in Among patients on MET + meglitinides, compared with MET+ SUs dual therapy:

 For MACE, patients were at increased risk if they were women, overweighted, diabetes duration 10-14 years long, had previous history of CVD and no history of renal failure.

 For all-cause mortality, patients were at higher risk irrespective of their previous use of insulin, CVD and HF history. Patients < 75 years, women, overweighted (BMI between 25 and 29.9 kg/1.73 m 2 ), with glycated haemoglobin < 8%, shorter diabetes duration (0-4 years) and no history of renal failure were at increased risk of dying. Higher risk for people > 75 years cannot ruled out.

 For MI and stroke, there was no differences between subgroups.

 For heart failure (HF) and peripheral artery disease (PAD), patients were at increased risk if they had history of HF at baseline. Patients with HbA1c < 8% also showed higher risk of HF.

In brief, in patients who were prescribed MET+ DPP-4 i and compared with the reference, MET+SUs, there was no difference in overall estimators for all the outcomes assessed. In subgroup analysis, history of HF was associated with increased risk of MACE, all-cause mortality, new onset or worsening of HF and PAD; female patients were also at higher risk of MACE.

For patients who were prescribed MET+meglitinides, compared with MET + SUs as a reference, overall estimators reflect a higher risk of MACE and all-cause mortality. In subgroup analysis, female patients were at increased risks both for MACE and all-cause mortality. For HF and PAD, a history of HF was associated with increased risks.

Patients were at increased risk of all-cause mortality irrespective of their CVD or HF history, or the past use or not of insulins, but people with no history of renal failure also had increased risks. Interestingly, both for MET+SUs and MET+meglitines, patients living in the least deprived areas were at higher risks of all-cause mortality. Patients on MET + DPP-4 i who lived in the least deprived areas had a non-significant lower risk for MI (HR 0.14 [0.02-1.08]) All the patients included in these cohorts are within the primary care public health and medicines are funded partially or in full by the administration; this allows patients' economic situation to have little impact on the choice of the agent. In this study, there were no differences in prescription on more expensive agents, such as GLP-1 RA and, to a lesser extent, SGLT-2. 38% and 44% of patients prescribed GLP-1 RA and SGLT-2 lived in the most deprived urban areas.

Results of the subgroup analysis for patients on

Summary of the currently available evidence

RCTs and MA of RCTs

There is scarce RCTs evidence for comparisons between two metformin-based combination plus SUs or other NIADs assessing major clinical outcomes.

A systematic review of RCTs found inconclusive evidence whether metformin and

SUs combination therapy compared with metformin plus another glucose-lowering intervention results in benefit or harm for most patient-important outcomes (mortality, SAEs, macrovascular and microvascular complications) except for hypoglycaemia.

However, more adverse effects were found with the combination of metformin and SUs.

[ sulfonylureas as add-on therapy to metformin. There were no differences on risks for myocardial infarction and hospitalization for heart failure. [START_REF] Ou | Effects on Clinical Outcomes of Adding Dipeptidyl Peptidase-4 Inhibitors Versus Sulfonylureas to Metformin Therapy in Patients With Type 2 Diabetes Mellitus[END_REF] Table VI.6 shows a summary of the current observational evidence concerning the effect of DPP-4 i added to metformin compared with metformin plus SUs. 

Discussion

In our study, 28,539 patients who had received the first-line treatment with monotherapy were added other NIADs as intensification second-line dual therapies: most on MET + SUs (61.46%), 28.15% on MET+DPP-4 i and by 8 % with MET + meglitinides; other treatments were used in a much lower proportion, and because of this they have not been included in our analysis. The cohorts of second-line therapy were not well balanced in basal characteristics. Patients who were prescribed meglitinides were the oldest ones and had more comorbidities. (Table VI.2) Compared with MET + SUs as a reference, the cohort of MET + DPP-4 i users did not show statistically significant differences in the overall HRs for any outcomes. For MET + meglitinides compared with MET + SUs, we found an increased risk of MACE and all-cause mortality; the higher risk of dying was consistently increased across many subgroups (Table VI.5).

We have not found statistical differences in the risks of MACE comparing the MET + DPP-4 i users vs the MET+SUs users. Our results are in line with the CAROLINA trial, though in this trial the only studied SUs was glimepiride. [START_REF] Rosenstock | Effect of Linagliptin vs Glimepiride on Major Adverse Cardiovascular Outcomes in Patients With Type 2 Bibliography 173[END_REF] in mortality and other outcomes, with observational research, [START_REF] Kannan | Risk of overall mortality and cardiovascular events in patients with type 2 diabetes on dual drug therapy including metformin: A large database study from the Cleveland Clinic[END_REF][START_REF] Ekström | Cardiovascular safety of glucose-lowering agents as add-on medication to metformin treatment in type 2 diabetes: report from the Swedish National Diabetes Register[END_REF] although other studies observed improved outcomes for MET + DPP-4 i users [START_REF] Yu | The combination of DPP-4 inhibitors versus sulfonylureas with metformin after failure of first-line treatment in the risk for major cardiovascular events and death[END_REF][START_REF] Mogensen | Cardiovascular safety of combination therapies with incretin-based drugs and metformin compared with a combination of metformin and sulphonylurea in type 2 diabetes mellitus-a retrospective nationwide study[END_REF][START_REF] Seong | Differential cardiovascular outcomes after dipeptidyl peptidase-4 inhibitor, sulfonylurea, and pioglitazone therapy, all in combination with metformin, for type 2 diabetes: a population-based cohort study[END_REF][START_REF] O'brien | Association of Second-line Antidiabetic Medications With Cardiovascular Events Among Insured Adults With Type 2 Diabetes[END_REF][START_REF] Ou | Effects on Clinical Outcomes of Adding Dipeptidyl Peptidase-4 Inhibitors Versus Sulfonylureas to Metformin Therapy in Patients With Type 2 Diabetes Mellitus[END_REF] or in CV events [START_REF] Kannan | Risk of overall mortality and cardiovascular events in patients with type 2 diabetes on dual drug therapy including metformin: A large database study from the Cleveland Clinic[END_REF][START_REF] Ekström | Cardiovascular safety of glucose-lowering agents as add-on medication to metformin treatment in type 2 diabetes: report from the Swedish National Diabetes Register[END_REF].

In our study, in the subgroup analyses of the combined second-line MET + DPP-4 i compared with MET + SUs, patients with a history of heart failure were at increased risk for MACE, all-cause mortality, HF and PAD, and there was also at a trend for increased risk of MI. In the CARMELINA trial, linagliptin did not affect the risk of hospitalisation for HF or other selected HF-related outcomes, including participants with and without a history of HF. [START_REF] Mcguire | Linagliptin Effects on Heart Failure and Related Outcomes in Individuals With Type 2 Diabetes Mellitus at High Cardiovascular and Renal Risk in CARMELINA[END_REF] It has been hypothesised that other circulating peptides that are substrates for DPP4 that could have independent cardiovascular effects. A consensus is emerging that DPP4is might not be a preferred agent in patients with T2DM with increased risk for CVD with concomitant HF. [START_REF] Kenny | Heart Failure in Type 2 Diabetes Mellitus[END_REF] A history of HF is a risk factor for mortality; in the subgroup analyses of patients treated with meglitinides, patients were at increased risk of dying irrespective than they had or no previous history of HF (although the risk was higher in patients with previous HF). In patients treated with SUs Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 monotherapy, the risk of all-cause mortality, MACE and all the outcomes was higher in patients with no history of HF (Section V, Table V.4). The analyses of subgroups of other monotherapies and dual combined treatments could help to clarify whether there is or not an association with the use of DPP-4 i therapies. This is an area for further research.

Concerning the increased risk in MACE and all-cause mortality we have observed in MET + meglitinides users compared with MET + SUs users, the results are not consistent with those obtained in Swedish and Danish databases. to treat frail patients. Thus, a channelling bias cannot be ruled out, and results deserve further reappraisal. If an unmeasured confounder is correlated with observed covariates, the potential for confounding can be mitigated through direct covariate adjustment and create a cohort balanced on observed covariates. [START_REF] Presley | Evaluation of frailty as an unmeasured confounder in observational studies of antidiabetic medications[END_REF] The propensity score matching (PS matching) produces well-balanced cohorts, at expenses of reducing the sample size; the characteristics of the PS matched cohorts could tend to be closer to one of the groups, in this case, it would be the MET+ meglitinides group, and results would be restricted to a population of this characteristics.

Other limitations and strengths have been already mentioned in the Section V, that report the results of a companion study about monotherapies.

Conclusion

In this study, no differences were found in mortality and CV outcomes between the dual second-line treatments for metformin-based regimes either with the addition of SUs or DPP-4 i. We also observed an increased risk of MACE and all-cause mortality in the MET+meglitinides cohort, channelling bias, and residual confounding cannot be ruled out and deserve further research.

VII. Discussion and Conclusion
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VII. Discussion and Conclusion

The regulatory framework for non-insulin blood-glucose-lowering agents ("NIADs") is based on surrogate blood glucose-related markers, mainly glycated haemoglobin. This surrogate marker has shown to be associated with microvascular complications of T2DM, but its relationship with the cardiovascular disease remains uncertain. In 2008 the FDA issued guidelines recommending the sponsors to demonstrate that the therapy will not result in an unacceptable increase in cardiovascular risk -as a result of the meta-analysis finding an increased risk of MI with rosiglitazone; the European Medicines Agency made a similar decision in 2012. [38,[START_REF] Patorno | Cardiovascular outcomes associated with canagliflozin versus other non-gliflozin antidiabetic drugs: population based cohort study[END_REF] The sponsor can get a marketing authorisation before cardiovascular safety is demonstrated; therefore, some new non-insulin blood glucoselowering drugs are used in clinical practice before the results of cardiovascular safety become available. [START_REF]Diabetes Mellitus: Developing Drugs and Therapeutic Biologics for Treatment and Prevention[END_REF] One decade later, fifteen large randomised controlled trials (RCTs) assessing CV outcomes have been published, as it has been summarised in Section II. In spite of some criticism raised by their non-inferiority design basis of these trials, the contribution of cardiovascular outcomes trials to the scientific knowledge and decision-making, both in clinical practice and public health, is outstanding. Instead, for older -and widely usedtherapeutic groups, there is scarce RCTs evidence.
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Along with the conducting of these trials, the development of some agents have been terminated: this is the case of fasiglifam, in which events of hepatotoxicity led to an unfavourable balance risk/benefit; the hepatotoxicity has been later explained by the effects of the drug, TKD-875, on bile acid and bilirubin homeostasis. Other agents failed to show any beneficial effects, such as the aleglitazar, a dual peroxisome proliferatoractivated receptors (PPARs). [START_REF] Menon | GRAND 306 Investigators. Fasiglifam-Induced Liver Injury in Patients With Type 2 Diabetes: Results of a Randomized Controlled Cardiovascular Outcomes Safety Trial[END_REF][START_REF] Shavadia | Determination of fasiglifam-induced liver toxicity: Insights from the data monitoring committee of the fasiglifam clinical trials program[END_REF][243] The AleCardio (aleglitazar) trial was stopped due to futility for efficacy at an unplanned interim analysis and increased rates of safety endpoints, which included heart failure, gastrointestinal and renal dysfunction. [START_REF] Lincoff | Evaluation of the dual peroxisome proliferator-activated receptor α/γ agonist aleglitazar to reduce cardiovascular events in patients with acute coronary syndrome and type 2 diabetes mellitus: rationale and design of the AleCardio trial[END_REF] In 2014, the first sentence of the paper reporting the AleCardio study results was: "No therapy directed against diabetes has been shown to unequivocally reduce the excess risk of cardiovascular complications". At that time, this was true. Hereafter, some cardiovascular outcome trials (CVOTs) assessing some therapeutic groups of non-insulin blood glucose-lowering drugs have shown a reduction in mortality and cardiovascular outcomes. In terms of CV benefit of the absence of harm, the group of dipeptidyl peptidase-4 inhibitors showed no harmful or beneficial effects on CV outcomes, although

in April 2016 added "Warnings and Precautions" to the labels of medicines that contain saxagliptin or alogliptin to inform of the potential increased risk of heart failure. [START_REF]FDA adds warnings about heart failure risk to labels of type 2 diabetes medicines containing saxagliptin and alogliptin[END_REF] In the group of glucagon-like peptide 1 receptor agonists, liraglutide (LEADER trial), semaglutide (SUSTAIN-6) and albiglutide (HARMONY) had shown a reduction of MACE, for liraglutide was driven by a decrease in all-cause and CV mortality, for semaglutide by a decreased risk of stroke and albiglutide by a reduction of the risk of MI.

In the group of sodium-glucose co-transporter-2 inhibitors, CVOTs with empagliflozin (EMPA-REG trial), canagliflozin (CANVAS trial) and dapagliflozin (DECLARE-TIMI trial) achieved all significant reductions in hospitalization for heart failure, but only empagliflozin achieved a significant reduction in CV mortality and all-cause mortality.

Large RCTs also detected other safety concerns. The aggregated data of DPP-4 i trials have highlighted a safety signal regarding the risk of pancreatitis. [START_REF] Home | Cardiovascular outcome trials of glucose-lowering medications: an update[END_REF] The example of fasiglifam highlights the importance of safety monitoring processes within the However, the high CV risk populations included in CVOTs trials are substantially different from the "real-world" unselected ones -who are the people receiving medications, and, ultimately, pay for them-as summarized in the Section III "Generalizability of RCTs". The observational research, especially the one conducted with data of thousands, hundred thousand or even million patients of routine clinical care has become increasingly important in terms of decision-making and public health policy.

Observational research is included in the US 21st Century Cures Act as a source of complementary or confirmatory evidence. [START_REF]st Century Cures Act[END_REF] In spite of the obvious methodological limitations of the observational research due to non-randomised design and of restrictions in the availability of some clinical data -while they are retrieved in clinical trials, namely adherence and lifestyle habits -observational research plays now a more relevant role in the assessment of the clinical impact of therapies -either old and new agents used -in a given population. Individuals belonging to these "real-world" populations fund these therapies, by their own or through either private or public healthcare systems.

We conducted the present study with the data of a large, comprehensive, healthcare database that gather clinical, diagnoses and prescriptions and dispensing data of the 80% of the Catalan population. As this database serves to administrative purposes, it is linked with mortality registries; this allows a very reliable available information on deaths in individuals.

Once data have been analysed, our study's results revealed some shortcomings in design and conducting; but also made evident some unique strengths. Respect to the all-cause mortality outcome, one of the more important limitations in the design is that we haven't included data of cancer or other relevant morbidities diagnoses among covariates.

Besides, data about people living in nursing homes were not available. The original protocol registered in ENCePP included CV mortality in the MACE (the primary outcome) and all-cause mortality as one of the secondary outcomes; however, full data of mortality causes were unavailable, and only all-cause mortality has been assessed.

Frailty may be independently associated with antidiabetic medication exposure and risk of mortality, thus could introduce confounding. [START_REF] Presley | Evaluation of frailty as an unmeasured confounder in observational studies of antidiabetic medications[END_REF] In our study, unlikely to subgroups analyzed for DPP-4 i a and SUs, patients of many MET+ meglitinides cohort's subgroups were at higher risk of dying; this could reveal a residual confounding by indication.

Meglitinides are secretagogues that produce a rapid and short-lived insulin output; therefore, the potential for hypoglycaemia and other adverse effects are supposed to be reduced. There are no RCTs that report the effect of meglitinides on mortality or diabetesrelated complications. Another limitation of the design is that the washout time of 90 days before the first prescription is not enough long to avoid the inclusion of prevalent users: in the selection process performed by the Institut Jordi Gol (IJG), the subset of patients entering in the 2010 cohort is much larger than in the following years. For the first-line monotherapy analysis, patients having previous exposures to a blood glucose-lowering agent were not included, but it is likely that the process was not effective in the 2010 cohort, because data of the year 2009 were not available in the coded de-identified data set provided by the IJG. A sensitivity analysis excluding the 2010 cohort was performed and showed results consistent with the ones of the primary analysis.

Other limitations have been already mentioned in the Section IV "Protocol design and rationale", such as the inclusion of all events of stroke -which can retrieve embolic events not necessarily related with macrovascular atherosclerosis instead of only ischemic events. As data of hospitalisation are not available, the outcome referred to heart failure is based on recorded diagnoses (as well as those of peripheral arteriopathy) and encompasses both ambulatory diagnoses and hospitalisations. However, this outcome might be more sensitive in detecting the incidence of heart failure.

As it had been foreseen in the protocol submitted to ENCePP, we haven't enough sample size to obtain significant results in patients treated with SGLT-2 i, GLP-1 RAs and TZD.

An extension of this study, including 2016-2019 years, could overcome this limitation.

This study also has unique strengths. It is the first longitudinal study conducted with data of SIDIAP assessing cardiovascular outcomes and mortality in patients with T2DM treated with NIADs, in first and second-lines. The results of the first-line treatments are consistent with those obtained by observational research.

We also compared two cohorts, both treated with the combination metformin and SUs but with different previous monotherapies -either metformin or SUs, the analysis resulted in no differences. We found that combined metformin and sulfonylurea therapy had similar outcomes in patients previously treated with metformin o with SUs, suggesting a beneficial effect of metformin. Douros et al. found that, in patients on metformin who added or switching SUs, patients who switched to SUs were at increased risks of MI and all-cause mortality than those who added SUs (myocardial infarction, HR 1.5 95% CI 1.03 to 2.24; and all-cause mortality, HR 1.23, 95% CI 1.00 to 1.50). [START_REF] Douros | Sulfonylureas as second-line drugs in type 2 diabetes and the risk of cardiovascular and hypoglycaemic events: population-based cohort study[END_REF] No differences were observed for ischaemic stroke, cardiovascular death, or severe hypoglycaemia.

These findings support the beneficial effect of metformin, [START_REF] Douros | Sulfonylureas as second-line drugs in type 2 diabetes and the risk of cardiovascular and hypoglycaemic events: population-based cohort study[END_REF] also showed in our study.

The results of some agents in the GLP-1 RAs and SGLT-2 i have risen enthusiasm regarding the potential of these new therapies. It should be kept in mind that SGLT-2 i, Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 while achieving a significant reduction in mortality, mainly due to their mechanism of action -volume depletion because of osmotic diuresis -have been associated to adverse effects such as amputations, especially canagliflozin, and ketoacidosis. Concerning GLP-1 RA, oral formulations (semaglutide) can achieve better adherence, but the percentage of patients who are intolerant to their gastrointestinal adverse effects is much higher than the one of the patients intolerant to metformin. Besides, GLP-1 RAs are the more expensive agents among the NIADs, and CVOTs included mainly people with high CV risk, making it the results challenging to be extrapolated to the "real-world" populations.

As shown in the Section II, populations'characteristics of published CVOTs and the one registered in SIDIAP differ, therefore, the results of CVTs should not be fully applicable to the latter.

In the meta-analysis of observational studies assessing CV outcomes and mortality in GLP-1 RAs users (see Annex 1) we found that the reduction in the risk of death had a larger size than those obtained in CVOTs. Crude incidence rate ratio observed in our study (second-line therapies) also suggest a reduced risk of mortality for GLP-1 users.

This deserves further study, with a larger sample size and, probably, a longer follow-up.

Observational research is produced more and more and has obtained substantive evidence about the most used drugs; in some cases, prompted regulatory decision or modifications of clinical guidelines. The study design and analysis of observational data have evolved -as well as the RCTs-and are continuously improving. Standardisation of design and methods would allow the reproducibility and comparability among studies. Wellconducted observational research assessing the comparative effectiveness and safety of drugs used in clinical practice is now essential for an appropriate evaluation of the medicines, especially when RCTs are not available or their population do not represent the one that use the drug.

Nelly 

| INTRODUC TI ON

In patients with type 2 diabetes mellitus (T2DM), morbidity and mortality rate from macrovascular disease is up to 80% 1,2 ; patients are also at increased risk of heart failure and have a worse prognosis. 3,4 Blood-glucose levels control has shown to be effective to reduce microvascular complications of diabetes, mainly diabetic nephropathy, but the effect on cardiovascular disease (CVD) is unclear. RAs on cardiovascular outcomes in high CV risk populations are completed and published (Table 1). 14-20 Liraglutide and semaglutide showed beneficial effects on major adverse cardiovascular events bias, matching and analysis. 23 Moreover, when assessing treatment effects in chronic and progressive conditions, as T2DM is, researchers have to deal with additional challenges, such as the addition or switching to other ant-diabetic therapies to control blood-glucose biomarkers. 24 The objective of this systematic review is to describe and How did you gather the information you considered in your review?

Medline, Scopus and Web of Science were used to identify abstracts and full texts published as of January 31, 2019.

Searches included individual and class terms for GLP-1

RAs, study design and sources of data. Inclusion and exclusion criteria were clearly defined. The process is summarised in Figure 1; and the list of retrieved and excluded papers are shown in Tables S1 andS2, respectively.

What is the "take-home" message for the clinician?

• It is often unclear to what extent results of clinical trials conducted in selected high-risk cardiovascular (CV)

populations can apply to "real world" ones.

• The effect of glucagon-like peptide 1 receptor agonists and sources of data (healthcare databases). We performed additional manual searches in references or "related articles" up to 31 Jan 2019.

(GLP- 1 
No filters for language or date were applied. We excluded nested casecontrol studies because of their different design and analysis.

| Study selection and quality assessment

We selected abstracts, read in-depth papers matching the inclusion criteria and analysed full text and additional files if any. S1 andS2, respectively) Methodological quality/risk of bias was assessed using the ROBINS-I assessment tool. 26 Funnel plot graphics for each outcome were used to evaluate publication bias visually (Figure 2).

| Data extraction and analysis

We descriptively synthesised data about data sources (country and type), study populations' baseline characteristics, number of subjects included in full and analysed cohorts, study period, patient selection, start, end and length of FU, comparator drug(s), outcomes, covariates and the period in which covariates were assessed. We searched for some various aspects in study design and analysis that could impact on study results: study populations, study and comparator drugs, length of FU, exposure ascertainment, and the number and nature of covariates included in matching and/or adjustment. We searched to identify major bias that can explain eventual differences in the results of individual studies. We summarised analysis' results (primary, secondary, subgroup and sensitivity analysis), and strategies to control for confounding (restriction, matching and analysis adjustment). Three separate meta-analyses

were performed (all-cause mortality, CV events and HHF) using a random-effects model to calculate overall hazard ratios (HRs) and two-sided 95% CI (confidence intervals). Analyses were performed using Stata, version 13.1 (Stata Corp.). Between-study heterogeneity was assessed by I 2 statistic, a threshold of I 2 greater than 50%

indicates high heterogeneity. In the primary MA, we excluded the results of two studies with a temporal bias that could have affected estimates. A further sensitivity MA included these two studies. The MA was reported following the MOOSE checklist.

| RE SULTS

We identified sixteen observational cohort studies assessing CV outcomes, HHF and or all-cause mortality in T2MD patients treated with GLP-1 RAs: Best et al, 27 Mogensen et al, 28 Paul et al, 29 Vélez et al, 30 Patorno et al, 31 Kannan et al, 32 Ekström et al, 33 Anyanwagu et al, 34 Suissa et al, 35 Zimmerman et al, 36 Toulis et al, 37 Anyanwagu et al, 38 Patorno et al, 39 Dawwas et al, 40 Svanström et al 41 and O'Brien et al. 42 The total number of patients exposed to GLP-1 RAs was 285,436; ranging from 219 33 to 160,803. 40 (Table 2) Study periods span from 2005 27 to 2015 37 (Figure S1).

| Data sources

All studies were conducted in Western databases validated for investigational purposes for the condition and outcomes of interest: most in US 27,29-32,36,39,40,42,43 and UK 33,35,37,38 ; Denmark, 28 Sweden, 34 and Sweden and Denmark. 41 European databases are electronic medical records (EMRs), with partial (in the UK, the Health Improvement

Network [THIN] and the Clinical Practice Research Datalink [GPRD])

or universal general population coverage (Denmark and Sweden);

in Danish databases 28,41 information about clinical variables is lacking. US studies were conducted in claims EHDs 27,29-32,37,39,40,42 and EMRs. 32,36

| Study populations

All studies included T2DM patients aged ≥18 years and exclude patients with diagnosis codes related to Type 1 diabetes; two studies also excluded patients with a history of malignancies, end-stage renal disease, human immunodeficiency virus, organ transplant 31,39 and nursing home admission at baseline. 31 All study populations had low CV risk; six studies excluded participants with a history of assessed outcomes 27-29,33,38,40 Table 3 shows the populations' baseline characteristics.

| Study drug(s)

Six studies did not report the individual GLP-1 RAs included in their analysis. 30,32-35,42 One study focused on incretin therapies. 30 Four studies studied GLP-1 RAs exclusively as second-line therapies, 28,31-33 and one study assessed only liraglutide added to metformin (MET). 41 Three studies evaluated a single agent: exenatide b.i.d. (the only GLP-1 RA licenced at studies' periods 27,29 ) and liraglutide. 41 In two studies assessing the effect of canagliflozin 39 and DPP4 i 40 on HF, GLP-1 RAs were the reference drugs. Three studies reported the percentage of use, 36-38 being exenatide and liraglutide the most used GLP-1 RAs; two studies 37,38 made subgroup analysis for each agent. Two studies reported the use of dulaglutide-approved in September 2014-and albiglutide 39,40 no study included semaglutide (marketed in December 2017). Table S3 shows the reporting if any, and the number of individual GLP-1 RA used.

| Comparator drug(s)

In five studies, comparators were other non-insulin antidiabetic agents. 27,29,30,36-38 Eight studies compared GLP-1 RAs vs therapies, all added to metformin: metformin with SUs as a reference 28,31-33 or DPP-4 i, 31,42 thiazolidinediones or insulin. 31 In one study, the studied drug was canagliflozin and GLP-1 RAs one of the comparator groups. 39 In two studies, the comparator was insulin 29,34 : one assessed third-line therapies, GLP-1 RAs vs insulin (both added to metformin + SUs) (Table S4). 34 If prescribed according to existing guidelines, drugs and lines of treatment are proxies of disease severity. Studies comparing the same treatment lines (ie, first, second or third-lines therapies) compare treatments at the same stage, while in studies comparing the use of a drug vs non-use there is a source for time-lag bias. In our search, six studies compared second-line therapies: the use of MET + GLP-1 RAs vs MET + SUs, 28,31-33 vs other agents, 31 liraglutide vs DPP-4 i 41 and vs DPP4 i. 42 One study compared third-line therapies, 34 and other the intensification either with insulin or GLP-1 RA. 38 3.5 | Outcomes

F I G U R E

| All-cause mortality

Ten studies estimated all-cause mortality as primary or secondary endpoint, 28,30,32-34,36-39,41 : hazard ratios (HRs) ranged from 0.17 (95% CI 0.02-1.22) 30 37,38 and prevalent users 36 showed more beneficial results than exenatide and incident users, respectively. Three studies comparing second-line therapies MET + GLP-1 RAs vs MET + SU 28,32,33 obtained nonsignificant results. The study comparing canagliflozin to GLP-1

RAs 39 (mean follow-up (FU) 0.5 year), obtained the highest nonsignificant estimator benefiting canagliflozin. (Table 2) The primary MA excluded two studies with lack of alignment of the start of exposure with start of FU. 34,37 When pooling results, irrespective of different study drugs and comparators, all-cause mortality favoured GLP-1 RAs, HR 0.63 (0.44-0.89) (with high betweenstudy variability I 2 = 83.3%). (Figure 3) In a sensitivity analysis, the addition of the two previously excluded studies, with a 6-mo. and 9-mo. delays, respectively, between the start of exposure and the start of treatment did not alter results (HR 0.61, [0.44-0.77]) (Figure 4).

| Cardiovascular events

Eleven studies estimated non-fatal cardiovascular events and/or MACE not including deaths; for individual CV events, HRs ranged from 0.24 (95% CI 0.06-0.99), with insulin as reference, 29 to 0.82 (95% CI 0.74-0.91) 37 (stroke in prevalent users vs non-GLP-1 use).

MACE including non-fatal events ranged from 0.27 (0.28-0.97) vs insulin 34 to 0.80 (95% CI 0.74-0.86) vs non-GLP-1 use. (high between-study variability: I 2 = 75.5%) (Figure 3). The sensibility analysis did not vary results (Figure 4). TA B L E 3 (Continued)

| Hospitalisation for heart failure

Eight studies assessed HHF, being the only outcome evaluated in two studies (vs sulphonylureas 35 and vs DPP-4 I 40 ). HRs ranged from 0.12 (95% CI 0.02-0.66) for MET + GLP-1 RAs vs MET + SUs 32 to 1.64 (95% CI 1.28-2.13) for HF when compared with canagliflozin (GLP-1 RAs were taken as reference, canagliflozin showed a risk reduction of 39%) 39 Significant HRs ranged from 0.12 (0.02-0.66) 32 to 1.16 (1.11-1.20) vs DPP-4 i. 40 When pooling results, we obtained a HR 0.94 (0.78-1.14) (between-study variability I 2 = 90.1%) (Figure 5).

| User design

The incident user design identifies patients starting a new treatment, FU begins after treatment initiation. The incident user's design reduces the study size, and thus, compromise the precision of the comparative estimates. 43-45 Patients were incident new users in all studies but two. 35,36 Zimmerman et al 36 

| Exposure ascertainment

In the intention-to-treat approach (ITT), the initial drug exposure is assumed to be unchanged until the end of FU, irrespective of treatment's changes. 46 The as-treated approach (AT) is considered more suitable for the exposure ascertainment in observational cohort studies; the AT approach computes the specific drug exposure's time from exposure's start until the drug's discontinuation. For the main analysis, eight studies used the ITT approach 29-33,35,37,42 and eight studies used the AT approach. 27,28,33,36,38-40 Seven studies used the opposite approach as a sensitivity analysis, and results were consistent. 27,28,31,32,39,41,42 

| Covariates

In most studies, covariates for matching and/or adjustment included demographics, clinical and laboratory data, concomitant medications (antidiabetic, anti-hypertensives, lipid-lowering therapies, antiplatelet therapy and other cardiovascular medications) co-morbidities. Some included socio-economic factors and duration of diabetes, an interaction term to account the effect of statin use and LDL cholesterol. 36 Covariate information should be assessed in the longitudinal health care data in the time preceding the cohort entry.

"Intermediates" covariates should be assessed a defined time before the inclusion date because they can represent an effect of treatment or a reason for the prescription. 47 In different studies, covariates were derived from the pharmacy and medical claims rendered during the 9 months preceding cohort entry 27 or during the 6 months preceding drug initiation 31,39 ; Charlson co-morbidity score 10 years prior the baseline, and concomitant CV therapies within the last year. 28 Paul et al included measures of HbA1c within a 3-month window before the index date. 29 In others, baseline variables were retrieved closest to the date of dual therapy's start; comorbidities, including CAD and CHF, were screened back up to 10 years earlier. 32,34 In Anyanwagu 2016 34 study covariates were collected at least 180 days before intensification of MET + SU. Table S4 shows covariates used in the different studies.

| Study duration

study periods ranged from 2.5 39 to 14 years. 35 (Figure 5) Two studies 30,35 started in 2000, while the first GLP-1 RA, exenatide b.i.d.,

was marketed in 2005. The chart of studies' periods and the most relevant drug approvals are shown in Figure S1.

| Follow-up

For the primary analysis, the shortest mean FU periods were 0.44 years 40 (study duration of 7.5 yrs.) and 0.6 years. 39 (study duration 2.5 years, with 55%-68% of patients censored because of the end of study), to up to 4 years 32 The most prolonged FU period was 8.7 years 31 (AT approach, secondary analysis), and in two studies was up to 5 years. 34,38 

| Diabetes duration

Diabetes usually worsen with longer duration, and the risk for CV disease increases. Diabetes duration is reported in eight studies 28-30,32,34,35,37,38 and not-reported in the remaining ones. Proxies of disease severity, such as diabetes complications, are reported in two studies (Table 3). 31,33

| Bias

We used the ROBINS-I assessment tool to assess the risk of bias. 26 All studies conducted in large longitudinal databases are subject to information bias and have a risk of non-differential exposure misclassification and outcome misclassifications, that could be more likely in claims databases than in EMRs. 22 Studies with a specific risk of bias are mentioned below. Besides, patients with less than four quarter consecutive prescriptions could be part of the non-exposed group (risk of misclassification). 37 In both studies, "immortal-time bias" (ie, person-time that is event-free by definition) was avoided by matching the unexposed cohort at the index date of their respective exposed patients, and assigning the same index as their respective exposed patients.

In Anyanwagu 2016, 34 outcomes must have occurred at least 180 days after the intensification of MET + SU with either INS or GLP-1 RA; although there were no deaths in this period, the outcome's ascertainment could have been affected.

In the study comparing canagliflozin to non-gliflozin, among them GLP-1 RAs, there is a risk of attrition bias because 55%-68% of patients were censored because of the end of the study. 39

| Selection bias

If patients are excluded based on future events, there is a risk of selection bias. A study required the completeness of information on event dates for HF, MI and stroke following the index date, 29 and inclusion criteria required the availability of two prescriptions within 60 days of index date, this potential temporal bias was controlled by adjusting the time to event for the survival analyses to avoid possible immortal-time bias. In other studies, patients had to refill a prescription of the second glucose-lowering agent within 180 days and maintain continuous treatment with MET throughout the 180 days 34 ; or had to have at least two encounters after initiating the combination therapy to be included. 32 In Zimmerman et al, 36 patients were included if they received T2 diabetes medications during the study period and if they had to have at least two medical visits. In a study that defined the cohort entry by insulin intensification, (ie, either the addition of GLP-1 RAs or OADs to baseline insulin), the analysis of two points MACE (MI and stroke) was restricted to matched cohorts excluding all patients with a CV event before or 180 days after insulin initiation.

| Methods to control for confounding

In observational studies, careful control of confounding is needed because physicians chose treatments based on patients' characteristics, and therefore, cohorts' characteristics differ. Propensity score matching was the most frequently used method, but not exclusively, since some studies used multivariable analyses or combinations of both. The differences that can probably be more relevant in terms of impact on results refer to the use of time-dependent variables in the analyses and the management of missing values. Table S5 shows covariates, methods and missing data approach used in each study reporting. mortality. 14-20 No CVOT has been performed for exenatide b.i.d.

| D ISCUSS I ON

Results of meta-analyses of RCTs-including results of SUSTAIN-6 suggested 12% lower risk of all-cause mortality, 12%-16% of CV mortality with the use of GLP-1 RAs in T2DM patients, and a 10% risk reduction for MACE. 48-52 (Table S6) A study pointed out that only a small proportion of US population could be included in most of the CVOTs assessing GLP-1 RAs, and because of this, the results of CVOTs could not apply to US T2DM general populations. 53 We found that pooled results of the observational studies included in this review are trended in the same direction than those of MAs of RCTs, although they had a much larger size for all-cause mortality and CV events. However, individual results vary in magnitude and, in some cases, also in direction.

Differences of different GLP-1 RAs on CV outcomes have been

explained not only because of the respective T1/2 that could impact on glycemic control, but also because of the action on other organs. 7,54,55 In our search, study drug(s) varied over time, from exenatide b.i.d. in the oldest studies 27,28 to agents with more prolonged action, mainly liraglutide and exenatide long-acting release (LAR) in the studies published more recently. Two studies-assessing only exenatide b.i.d. in the observational study). In two studies reporting subgroup analysis 37,38 liraglutide has obtained better estimates than exenatide LAR (Table 3). None of the studies included in this systematic review assesses semaglutide, which has been marketed after the end of studies periods.

The choice of comparator drug can also impact on results, either because of their effects on CV outcomes and HF or the confounding for indication, not enough controlled.

It has been suggested that the decrease in major CV events observed in RCTs with GLP-1 RAs could be as a result of an antiatherogenic effect, and thus, related with duration of exposure. 55 In the same way, a nested case-control study found the effect of liraglutide was dose and duration dependent. 56 approach results for CVOs and all-cause mortality were similar at a year, but became significantly different after 5 years of FU. 38 This delayed benefit would be consistent with the finding of the LEADER study, 15 with a median FU of 3.8 years, in which the beneficial effect of liraglutide on CV mortality and all-cause mortality became evident about 12-18 months after started the treatment 54 (a similar-although smaller-difference has become apparent in the EXSCEL trial-median FU-12 months after exenatide LAR treatment started). 17

Six studies analysed subgroups of prior o no history of CV events.

Three studies estimated benefits for subgroups with no previous CV events, and three found that patients with a history of CV events had better outcomes than the no-history of CV events.

In observational cohort studies assessing chronic and progressive conditions, such diabetes, the ascertainment of exposure(s) period (s) during FU can be blurred by drug discontinuation, intensification with other drugs, and/or switching to other antidiabetic agents. The "as-treated" approach for the ascertainment of exposure is more suitable because the "intention-to-treat" approach can introduce exposure misclassification. For exposures' ascertainment, in the studies included in this review, the choice of either the ITT or AT strategies seems not to have influenced the results. Patorno et al 31 
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Discussion and Conclusion

The available information on hexetidine and E122, the significant number of reports listing hexetidine as only or only suspected drug, the range, severity and consistent pattern of adverse reactions reported, the plausible time to onset and positive dechallenge (and rechallenge in one case) support the causal association between hexetidine preparations and severe hypersensitivity reactions. Three reports list co-administered medications also known to elicit allergic reactions; these might also have contributed to the reactions reported.

Given the available information from VigiBase®, it is not possible to determine if the reactions were elicited by hexetidine itself or E122. Individuals with a history of salicylate intolerance seem to be at a higher risk of developing an allergic reaction to products containing azorubin. The information currently available to prescribers and patients does not list severe, potentially life-threatening hypersensitivity reactions adequately.

SIGNAL Introduction

Linagliptin is a synthetic, reversible inhibitor of dipeptidyl peptidase-4 (DPP4). Acting through inhibition of DPP4, linagliptin inhibits the proteolytic degradation of the incretin hormones glucagon-like peptide 1 (GLP-1) and glucosedependent insulinotropic peptide (GIP), resulting in increased glucose dependent insulin secretion. Linagliptin is indicated in the treatment of type 2 diabetes mellitus (T2DM) to improve glycaemic control in adults, as monotherapy or as combination therapy with metformin, or sulphonylurea and metformin, or in combination with insulin with or without metformin. In all cases but two, linagliptin is the only suspected drug. In the case from literature, metformin 2 g/day (part of the investigational product) was also suspected. In case 9, cilostazol was started nine days before the adverse event and was also mentioned as a suspected drug.

Co-administered medication was reported in nine cases, although it was not specified in one case. Three cases included calcium-channel blockers (amlodipine in two cases and nifedipine in one). T2DM medication was reported in six cases, metformin was the only antidiabetic drug concomitantly administrated in four (in the case from a clinical trial it was reported as a suspected drug), there was one case with metformin and pioglitazone, and another with insulin.

SIGNAL

Dechallenge action was reported in nine cases (60%): linagliptin was reported as withdrawn in eight of these, and in one linagliptin dose was reported as not changed, the patient recovered with sequelae. 

Literature and Labelling

The EMA Summary of Product Characteristics for linagliptin, the Australian Public Assessment report and the product label for linagliptin (US FDA) do not mention heart/cardiac failure as an event associated with or described for linagliptin therapy. 1-3 In a published clinical trial report, cardiac failure is mentioned as having occurred in a patient after 295 days of linagliptin 5 mg/metformin 2 g treatment. 12 This case has been retrieved in VigiBase® and already mentioned in the "Reports in VigiBase®" section.

A meta-analysis, published in February 2013, found that treatment with DPP4i reduces the risk of cardiovascular events (particularly myocardial infarction) and all-cause mortality in patients with type 2 diabetes. Although HF was a pre-specified component of major cardiovascular events (MACE), meta-analysis's results don't mention HF. 13 A trial in older patients does not mention cardiac failure among adverse events. 14 Results posted on Clinicaltrials.gov mention only rhythm abnormalities and coronary artery diseases as serious cardiac adverse events. 15 A meta-analysis of 50 DPP4-inhibitors trials, enrolling 55,141 participants, found a statistically significant trend towards increased risk of HF outcomes with no increase in risk with regards to all-cause mortality, cardiovascular mortality, acute coronary syndrome (ACS) or stroke. Most of the HF cases were retrieved from results of SAVOR-TIMI-53 (saxagliptin, 66.2% of the data of HF), EXAMINE (alogliptin, 21.3%) and the VIVIDD trial (vildagliptin, 6.9%), the latter enrolled only patients with left ventricular fraction <40%. Seven clinical trials for linagliptin with 5,260 participants were included in the analysis. 16 A meta-analysis of clinical trials with vildagliptin, sitagliptin, saxagliptin, alogliptin, linagliptin, and dutogliptin found that the overall risk of acute HF was higher in patients treated with DPP4i in comparison with those treated with placebo/active comparators, and suggested that DPP4i could be associated with an increased risk of HF. 17 A recently published analysis of pooled data of 22 placebo-controlled trials found a negative relationship, with an incidence of HF adverse WHO Pharmaceuticals Newsletter No. Calcium channel blockers can lead to worsening HF and have been associated with an increased risk of cardiovascular events, especially the non vasoselective ones. 5 In three cases, patients were also treated with calcium channel blockers, two with amlodipine and one patient with nifedipine. Time to onset was reported in two out of these three cases (6 days and 16 days).

In case 8 (fatal outcome), a 66 year-old woman presented with HF 16 days after having started linagliptin. She was also treated with amlodipine 10 mg, quinapril 5 mg, bisoprolol 5 mg, gliquidone 30 mg, and simvastatin 20 mg. Recent studies have found that amlodipine does not exert favourable effects on the clinical course of patients with HF; 19,20 other not significant interactions for HF seem unlikely, such as simvastatin with amlodipine (amlodipine increases the systemic exposure of simvastatin, this patient being on amlodipine low-dose).

In case 9 (an 87 year-old woman treated with nifedipine and other cardiovascular therapies), cilostazol and linagliptin 5 mg had been added respectively nine days and five days before the HF onset. Cilostazol is a reversible phosphodiesterase III inhibitor with anti-platelet, vasodilatory and antithrombotic properties, metabolized by CYP3A4 and CYP2C19. Cilostazol is formally contraindicated in patients with pre-existing HF. Nifedipine is metabolized by CYP2C19 (interaction described in product information).

For the patient treated with pioglitazone/ metformin (case 2), no time to onset was reported. Pioglitazone is a thiazolidinedione, which selectively ligands the nuclear transcription factor peroxisome proliferator-activated receptor-γ (PPAR-γ). Thiazolidinediones improve glycaemic control by increasing insulin sensitivity. Fluid retention, that can cause or exacerbate HF in some patients, is a known effect of PPAR-γ, and pioglitazone can cause or exacerbate congestive HF in some patients. 21 In eight cases, linagliptin was withdrawn. Except for the fatal case and one with unknown outcome, dechallenge was positive. No cases with rechallenge were reported. In case 3, the dose was not changed and the patient recovered with hospitalization.

Time to onset (reported in seven cases) was <6 months in six patients (44 days, 6 days, 147 days, 16 days, 6 days and 164 days respectively). In a large study with saxagliptin, the risk for HF hospitalization associated with the use of saxagliptin was highest in the first six months and declined thereafter.

DDP4 inhibitors have been expected to have beneficial effects on cardiac outcomes, both due to GLP-1 actions and to other peptide hormones with direct cardiorenal effects. Preclinical data and mechanistic studies suggested a possible additional non-glycaemic beneficial action on blood vessels and the heart, via both GLP-1 dependent and GLP-1-independent effects. 22 It has been suggested that DPP4 inhibitors reduce the risk for the multiple co-morbidities associated with obesity/T2DM including hypertension, cardiovascular and kidney disease. 23 WHO Pharmaceuticals Newsletter No. 

SIGNAL

However, a recently published meta-analysis suggested that HF is a class effect of DPP4i. 17 Two large trials specifically designed to assess composite cardiovascular outcomes contributed largely to this conclusion. A large trial found a higher statistically significant risk of hospitalization due to HF in the saxagliptin group than in the placebo group. Patients had T2DM and established cardiovascular disease or multiple cardiovascular risks factors, and were followed for a median of 2.1 years; HF was included in a composite secondary endpoint. 12.8% of participants had prior HF. 11 The events were more frequent in patients with diabetes and HF. 24 In a large trial assessing the effect of alogliptin on cardiovascular outcomes in 5,380 patients followed for a median of 18 months, 28% of the participants had HF at baseline; HF was not part of the primary composite outcome or secondary outcomes.

Although the heterogeneity of sub-groups is mentioned, no specific details are provided. 25 Prior HF was the strongest predictor of hospitalization during the study, followed by impaired kidney function. In the EXAMINE study, the risk increase for hospitalization due to HF associated with alogliptin was apparently less clear in spite of the percentage of patients with prior HF, the higher use of ß-blocking agents, and the more frequent medical controls with treatment adaptations in EXAMINE might be one of the potential explanations. 26 Mechanisms of the hypothesized effect of DDP4 inhibitors on HF are unknown. As previously mentioned, DPP4 cleaves not only GLP-1 and GIP, but also other cardioactive peptides, such as substance P, brain natriuretic peptide (BNP), neuropeptide Y, CXCL12, bradykinin, and related peptides. 6-7 BNP is increased in HF, being both a diagnostic and prognostic marker. 9,10 It has also been suggested that DPP4 is abnormally increased in patients with T2DM and these increased DPP4 levels are independently associated with asymptomatic left ventricular both diastolic and systolic dysfunction in T2DM patients which have a higher risk of presenting left ventricular dysfunction. 27 Neuropeptide Y (NPY1-36) is released from sympathetic neurons; DPP4 removes the N-terminal from NPY1-36 to generate NPY3-36, which binds to Y2 receptors that have relative antagonist properties to Y1 receptor activation. Any decrease in the DPP4 mediated generation of NPY3-36 would decrease the activity of Y2 inhibitory autoreceptors; and so augment sympathetic and parasympathetic neurotransmitter release. 28 A clinical study in 53 patients found that peptide Y is augmented in diabetic patients. 29 Linagliptin also has significant inhibitory activity on the human M1, M2 and M3 muscarinic receptors, with half minimal inhibitory concentration (IC 50 ) values of 295 to 1000 nM (more than 22 times the clinical peak concentration (Cmax), which has not been considered clinically relevant. 1,2 In animal models a relationship between B-adrenergic and M2 muscarinic receptors and diminished ventricular contractility has been suggested. 30 In 

Response from Boehringer Ingelheim

Thank you for the opportunity to provide our comments. Boehringer Ingelheim completed a cumulative assessment of HF on 14 February 2014 following an internally detected signal after publication of the results for the saxagliptin and alogliptin cardiovascular outcome trials (CVOT) in September 2013.

A cumulative review of linagliptin and linagliptin+metformin fixed dose combination (FDC) reports entered in the Boehringer Ingelheim global drug safety database until 27AUG2014 was undertaken using the narrow MedDRA v17.0 SMQ cardiac failure. Data from clinical trials, epidemiologic studies and the published literature were also reviewed.

92 events (87 serious) in 83 reports were identified in association with linagliptin; no reports were identified in association with the linagliptin+metformin FDC. Forty-six events in 42 reports were from clinical trials, 32 events in 28 reports were spontaneous, 3 events in 3 reports were from Health Authorities and 11 events in 10 reports were from observational studies. The main reason for seriousness was hospitalization alone or associated with life-threatening or fatal reports. Forty six patients were female (55%), 35 were male (42%) and 2 did not report gender.

The 78 reports which provide age range between 39 and 92 years with most (75%) over 60. Twenty one patients (25%) were older than 80.

All of the reports were individually assessed and had a plausible alternative explanation, factors (e.g. temporality) that make a causal relationship to linagliptin unlikely or insufficient information for a more full causal assessment.

A dechallenge is described in 28 reports: 12 positive, 7 negative and 2 unknown outcomes. Four rechallenges are described: 2 negative, one unknown outcome. Only one positive rechallenge was described, in a patient with end stage renal and chronic cardiac failure with critical coronary occlusion. In 4 reports the patient recovered while linagliptin continued unchanged. Six reports were not temporally related to linagliptin; one patient had viral cardiomyopathy 5 months after discontinuation, another with pre-existing chronic renal failure experienced HF 3 months after discontinuation, 3 had evidence of worsening of pre-existing HF prior to starting linagliptin and one event occurred on the day that linagliptin was started, when hyperthyroidism was also diagnosed.

Time to onset was reported in 71 of the 92 events. Thirty eight events (54%) were <6 months, and 11 (15%) events occurred more than 1 year after starting linagliptin.

Of the 15 ICSRs identified on the Vigibase database, 14 are included in the search results. Case 15 is not because the Preferred Term Nocturnal dyspnoea is not in the narrow cardiac failure SMQ definition. In addition to the information presented, case 1 reported a patient in a Boehringer Ingelheim sponsored trial in patients with renal impairment. The patient was taking furosemide for congestive heart failure (CHF) and spironolactone and metolazone was added 3 months before linagliptin was started indicating worsening or instability of the disease prior to linagliptin.

The evaluation of HF is complex in the type 2 Diabetes Mellitus (T2DM) population. As stated in the article above, the risk factors for HF would be expected to be higher in the T2DM population compared with non-diabetics. An assessment was conducted of past or concomitant conditions that are known risk factors for HF. Seventy seven patients (93%) had at least one risk factor and 55 patients (66%) had 3 or more risk factors. Six patients did not have at least one risk factor for HF and all 6 reports had limited or no medical history provided.

Hypertension may be the single most important modifiable risk factor for HF. 1 Fifty eight patients (70%) reported hypertension.

Obesity and insulin resistance are also important risk factors for cardiac failure. 1 Using the international classification of body mass index (BMI) The reported incidence rate of HF in patients with T2DM varies across studies largely reflecting differences in ascertainment and adjustment approaches. 3 A study conducted in multiple countries across Europe and North Africa estimated an annual incidence rate of CHF requiring hospitalisation of 10 per 1000 persons. 4 In the US, the CDC reported the annual ageadjusted hospital discharge rate with HF as firstlisted diagnosis in diabetes patients to be 13.4 per 1000 in 2006. 5 Another US study estimated a crude incidence rate of about 11.8 per 1000 PY. 6 The incidence rate of patients with unadjudicated narrow MedDRA SMQ cardiac failure events for linagliptin is 5.8 per 1000PY (N=9060). 7 Pooled analysis of safety data from 23 randomized clinical trials (N=5488 linagliptin, 3290 placebo) showed same overall incidence of cardiac disorders (3.3% and 3.3%, respectively). 7 Using the narrow MedDRA SMQ cardiac failure, the frequency was 0.5% (linagliptin) and 0.2% (placebo). 8 This frequency in patients with a history of cardiac failure was 5.1% (linagliptin) and 5.5% (placebo). 7 External adjudication of events of hospitalization for HF in 8 randomized, doubleblind studies, (N=2039 linagliptin, 1275 placebo) showed 9 (0.4%) and 5 (0.4%) patients respectively were adjudicated to have HF. Further adjudicated analyses will be available when the large ongoing CVOTs CAROLINA and CARMELINA complete.

It is not possible to demonstrate a direct causal effect of linagliptin with HF due to the confounding of the reports with risk factors for the condition and the known relatively high background incidence in the T2DM population. In addition, the observed incidence rate in the clinical trials appears to be within the published range. Data does not demonstrate an increased frequency in patients with previous HF. Boehringer Ingelheim concluded that linagliptin is not casually associated with HF however this topic will continue to be closely monitored and the linagliptin CVOTs CAROLINA and CARMELINA will provide important further information.

Introduction

Glibenclamide is an oral blood glucose lowering drug (BGLD), a second-generation sulfonylurea (SU). SUs induce glucose-independent insulin release from the pancreatic β-cells by binding to the ATP-sensitive potassium (KATP) channel. The polymorphic enzyme cytochrome P450 (CYP) 2C9 is the main enzyme catalysing the biotransformation of SUs.

Hypoglycaemia is a pharmacological, dosedependent (type A) adverse effect of blood glucose lowering agents, especially insulin and insulin secretagogues. Mild hypoglycaemia is associated with adrenergic and neurogenic symptoms, such as tremor, palpitations and perspiration. Severe hypoglycaemia is characterized by symptoms related to reduced glucose to the brain, such as weakness, poor concentration, slurred speech, confusion or even seizure or coma.

In normal individuals, hypoglycaemic counter regulation is a multifactorial process that involves reduction of insulin secretion, increasing glucagon secretion, adrenergic activation, increased growth hormone and cortisol secretion. Hypoglycaemia increases plasma levels of both epinephrine and norepinephrine, released primarily from the adrenal medulla. Recovery from hypoglycaemia is dependent on the adrenergic response. Individuals with preserved autonomic neurological response manifest these higher levels of catecholamines through palpitations, increased heart rate, piloerection, etc. 1 A number of factors can increase the possibility of hypoglycaemic events: over-prescribing, inappropriate dosing, changes in exercise or diet, pharmacodynamic (PD) interactions (other blood glucose lowering agents), 2 pharmacokinetic (PK) interactions (agents with high protein-binding), antibiotics, substandard or fake medicines, comorbidities (infection, pancreatic cancer, cancer, renal, hepatic and cardiovascular disease) and patient characteristics (elderly, BMI, poor nutrition). 2,3 In addition, published case reports and case series have highlighted the association between CYP2C9 genetic polymorphisms and hypoglycaemic events.

Glibenclamide's daily dosage is between 1.25 and 20 mg. The usual starting dose of glibenclamide tablets is 2.5 to 5 mg daily. 4 The defined daily dose (DDD) is 7 mg or 10 mg (micronized and nonmicronized, respectively). 5 Glibenclamide is not recommended in the elderly or in individuals with a glomerular filtration rate (GFR)<50 mL/min. The combination of glibenclamide and metformin may have a synergistic effect, since both agents act to improve glucose tolerance by different, but complementary mechanisms. 4 Several studies which evaluated the safety of SUs consistently showed that glibenclamide is associated with a higher risk of hypoglycaemia when compared to other SUs, including glipizide, gliclazide and glimepiride. 6-9 Glibenclamide was associated with a 52% greater risk of experiencing at least one episode of hypoglycaemia compared with other secretagogues (relative risk 1.52 [95% CI 1.21-1.92]) and with an 83% greater risk compared with other sulfonylureas (1.83 [1. 35-2.49]). 10 According to the National List of Essential Medicines (NLEMs), glibenclamide (2.5 and 5.0 mg) is an essential SU in five countries, India, Pakistan, Nepal, Sri Lanka and Bangladesh. In Sri Lanka, glibenclamide is the most commonly prescribed SU by GPs. 11 The polymorphic CYP2C9 isoenzyme catalyses the biotransformation of SUs in the liver. The mutant alleles CYP2C9*2 and CYP2C9*3 are known to have a reduced drug-metabolizing activity than the wildtype CYP2C9*1, the decrease in catalysing activity of the *3 allele being more pronounced. The *3 variant is most common in Asians with a frequency of 10%-25% compared to that of 2%-6% in Caucasians. Involvement of CYP2C19 in the metabolism of SUs is also reported. CYP2C19*2 and CYP2C19*3 are variants that encode a nonfunctional CYP2C19 enzyme. Individuals with either of the variants are labelled as poor metabolizers. 12 In Asian populations, genetic variability of CYP2C9 is dominated by the less functioning allele *3 (3.4% in East Asians and 11.3% in South Asians) while in Europeans, genetic variability expresses mainly the *2 variant (Europeans 11.7% and admixed Americans 6.6%), Other allelic variants are also present in South Asian and African populations. 13 WHO Pharmaceuticals Newsletter No. In Asian ICSRs, the reporter is given in 35 reports (74.5%), and all but one were physicians, the remaining one, a pharmacist. In 32 ICSRs, the sender's comment highlighted the Asian origin.

Patients were relatively younger in Asia than in the other countries: 36/47 (76.6%) were ≤ 64 years old. The age distribution is described in Table 2. Onset date and at least start date of glibenclamide therapy were stated in 59 out of 95 ICSRs (57.9%); so it was possible to calculate time-to-onset (TTO) in this subset of reports. In three ICSRs, the onset date was stated as previous to the reported start of drug administration.

In 28 Asian reports, TTO ranged from 0 to 60 days, and in 21 reports, TTO was up to 10 days. In six ICSRs symptoms manifested the same day, and in 11 ICSRs TTO was 1 day. Time to onset is set out in Table 3. * Reports with the same year and month reported for drug start and reaction onset

The dose for glibenclamide was reported in 65 cases (68.4%) and ranged from 1.8 mg to 20 mg daily. Fifty ICSRs reported low doses: one 1.8 mg, 13 cases between 2-2.5 mg, 33 a dose of 5 mg, two with 3.5 mg and one with 7.5 mg. Nine patients were treated with 10 mg, three with 15 mg and another three patients with 20 mg. The percentage of patients with doses ≤ 5 mg was similar in Asian countries and in non-Asian countries (77% and 76% respectively).

Thirteen reports (14%) were classed as serious, two of them were fatal, and 18 (19%) were classed as non-serious. In the two fatal cases, other BGLDs WHO Pharmaceuticals Newsletter No. 2, 2019  20
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were suspected (ipragliflozin and sitagliptin); glibenclamide is reported as not withdrawn. Two ICSRs reported syncope as an adverse reaction, which indicates a more serious state.

Alternative causes of hypoglycaemia

Possible interactions: An ICSR from a non-Asian country reports hypoglycaemia in a 78-year-old woman treated with hydroxychloroquine because of a rheumatoid arthritis. Three Asian country reports mention drugs possibly interacting: one of a 75year-old woman, who started a triple therapy with metformin 1 g, pioglitazone 30 mg and glibenclamide 5 mg, and presented with palpitations and dizziness on the seventh day; another one mentions phenytoin administration with confusing TTO dates; another report mentions hypoglycaemic symptoms the same day that amoxicillin was administered, and 10 days after the therapy with glibenclamide was started.

Changes in physical activity: An ICSR from a non-Asian country reports the case of a 62-year-old woman under therapy with glibenclamide and metformin who developed bouts of palpitations, confusion, and chest discomfort, particularly at times of unpredicted physical activity.

Incident comorbidities and incident concomitant therapies: An ICSR from an Asian country reports hypoglycaemia in a 52-year-old woman who was started on dual therapy with metformin 1 g daily and glibenclamide 5 mg; the TTO was 10 days. On day 8, a prescription of 2 g of amoxicillin is reported (only one-day of treatment), and doxycycline 200 mg daily, given for three days, because of an acute upper respiratory infection. Some anti-infective agents may enhance the hypoglycaemic effect of glibenclamide and infection itself can trigger hypoglycaemia.

An ICSR from a non-Asian country reports hypoglycaemia and palpitations in a 59-year-old woman treated with glibenclamide 5 mg over nine months. Two days before the hypoglycaemic event occurred, the patient had received medication for a cardiac event (morphine, nifedipine, isosorbide dinitrate, furosemide, enalapril).

Other alternative causes: In two reports from a non-Asian country (TTO 170 days and 215 days), palpitations are more likely related with other morbidities (atrial fibrillation, reduced left ventricular ejection fraction). In another ICSR from an Asian country (TTO 270 days), other medications suggesting an acute coronary syndrome are reported.

Literature and labelling

The US FDA label only mentions CYP2C9 as induced by rifampicin, and potentially reducing glibenclamide plasma levels as a consequence.

There is no mention of poor metabolizers. 4 The Health Sciences Authority of Singapore issued a warning about glibenclamide in older patients and renal impairment. However, there is no mention of pharmacogenetic variability. 14 A statement from the Royal Dutch Pharmacists Association Working Group concluded that there are no dose recommendations based on patients' pharmacogenetic status to give at this time (2011). 15 "Place of sulfonylureas in the management of type 2 diabetes mellitus in South Asia: A consensus statement", an initiative of the South Asian Federation of Endocrine Societies (SAFES), developed in accordance with the American Association of Clinical Endocrinologists/ American College of Endocrinology (AACE/ACE) doesn't mention pharmacogenetic variability as a cause of sulfonylurea intolerance. 11 According to a paper published in 2014, gefitinib product information is the only EMA label containing a warning about CYP2C9 metabolization. 16 

SUs Metabolism and isoenzymes genetic polymorphisms

A PK study performed in healthy male volunteers showed that in homozygous carriers of the genotype *3/*3, total oral clearance was less than half of that of the wildtype genotype *1/*1 (P <.001). Correspondingly, insulin secretion measured within 12 hours after glyburide ingestion was higher in carriers of the genotype *3/*3 compared with the other genotypes (P =.028), with no clinical effects. 17 In a case-control study of 20 diabetic patients admitted to the emergency department with severe hypoglycaemia during SU drug treatment, it was found that the CYP2C9 genotypes *3/*3 and *2/*3 that are predictive of low enzyme activity were more common in the hypoglycaemic group than in the comparison groups (10% vs < 2%, respectively). Other factors in the group with severe hypoglycaemia were lower body mass indexes, higher rates of renal failure, older age, and higher doses of glibenclamide. 18 In a study assessing the frequency of CYP2C9 genetic variants in Type 2 diabetes mellitus (T2DM) patients receiving sulfonylureas (92 reporting drugassociated hypoglycaemia, and 84 having never experienced hypoglycaemia), it was found that the presence of the allele CYP2C9*3 increased the risk of hypoglycaemia (OR: 1.687, adjusted for age, BMI, mean daily dose of SU, duration of T2DM and renal function; p = 0.011). 19 A study performed in Chinese healthy male volunteers found that CYP2C9 polymorphism appears to exert a dominant influence on glibenclamide pharmacokinetics and pharmacodynamics in vivo; hypoglycaemia developed in 3 of 6 CYP2C9*1/*3 carriers and 2 of 12 CYP2C9*1/*1 carriers. 20 WHO Pharmaceuticals Newsletter No. 2, 2019  21
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A prospective population-based study did not observe over-representation of the CYP2C9 slow metabolizer genotypes in the hypoglycaemic patients group. However, in the control group, patients with CYP2C9 genotypes predicting slower metabolism of SU drugs were treated with significantly lower doses than were extensive metabolizers. 21 A study performed in Turkey with 108 diabetic patients treated for ≥ 3 months with SUs (glimepiride, gliclazide, glipizide) found that heterozygosity and homozygosity for CYP2C9 variant alleles (*2 or *3) tended to be more frequent among patients who reported hypoglycaemic attacks. 22 Interactions: Several published cases report hypoglycaemia induced by hydroxychloroquine, and observational studies suggest a dose-dependent protective effect of hydroxychloroquine on druginduced diabetes in rheumatic patients treated with corticosteroids. 23-26 Co-administration of antiinfective agents that are CYP2C9 inhibitors can increase the risk of hypoglycaemia in glipizide and glyburide users. 26 Therefore, co-administration of other CYP2C9 inhibitors might also increase the risk of hypoglycaemia, although an increased risk of hypoglycaemia might not be present with less strong (non-clinically-relevant) CYP2C9 inhibitors. P-Glycoprotein inhibitors might also increase the risk of hypoglycaemia. 26 A few ICSRs of this set mentioned suspected or concomitant drugs that could interact with glibenclamide. It is worth noting that an interacting agent can theoretically exert additive effects on an isoenzyme with genetically reduced functionality.

Discussion and conclusion

Hypoglycaemia is a sulfonylureas dose-related type A adverse effect. In subjects with preserved autonomic function, the fall in blood glucose levels triggers the adrenergic counter regulation, which manifests through palpitations. Glibenclamide is metabolized by CYP2C9 isoenzyme, which is highly polymorphic. The frequency of polymorphism of defective CYP2C9 alleles (CYP2C9*2 and CYP2C9*3 variants) in South-Asian populations is reported to be 10-25% of a total population; defective isoforms are also present -but much less frequently -in Caucasian populations. Poor metabolizers (CYP2C9*2 and CYP2C9*3 alleles carriers) can show higher plasmatic levels of glibenclamide, leading to low blood glucose levels and triggering counter regulation mechanisms, such as adrenergic response.

Even though observational studies have not shown conclusive results, a literature review supports a relationship between clinical effects and CYP2C9 polymorphic variants. A PK study conducted in Caucasian volunteers saw no clinical effects of the difference in metabolization, but hypoglycaemia was more frequent in one conducted with Chinese volunteers.

To date, no regulatory labelling or warning has highlighted the contribution of poor metabolizer status on higher frequency or severity of hypoglycaemia in patients treated with glibenclamide.

Even though ICSRs provide no information on the pharmacogenetic status of patients, short TTO and, to a lesser extent source countries may suggest a pharmacogenetic cause. This can also be a class characteristic.

In this set of VigiBase reports, the proportion of cases with short TTO, and the number of good quality reports coming from Asian countries in relatively young patients might be considered as a signal of the potential association of an increased frequency of palpitations as symptoms of hypoglycaemia in patients treated with glibenclamide who are poor metabolisers. Also, in 32 ICSRs, the sender's comments highlighted the Asian origin. This hypothesis would need specific pharmacogenetic studies in patients treated with glibenclamide and experiencing hypoglycaemia with short TTO or interacting medications.

  [75] FDA performed a re-evaluation of the Rosiglitazone Evaluated for Cardiovascular Outcomes and Regulation of Glycemia in Diabetes (RECORD) trial and decided to modify the rosiglitazone REMS program requirements in November 2013. [76] Rosiglitazone was withdrawn from the EU market in September 2010; the marketing authorisation for Avandia (Rosiglitazone) expired on 11 July 2015 following the decision of the marketing authorisation holder, SmithKline

[ 81 ]

 81 Up to date, fifteen cardiovascular outcome trials comparing drugs vs placebo have been published; an additional one, the CAROLINA trial, that assessed the safety of linagliptin vs placebo. Out of them, all those belonging to the class of dipeptidyl-peptidase -4 inhibitors showed non-inferiority vs placebo but failed to show superiority. Apart from other studies terminated because of safety concerns (fasiglifam) and some others finished (ACE [acarbose]) or terminated (omarigliptin, taspoglutide). The trial assessing omarigliptin in patients with T2DM and CVD, OMNEON (A Study to Assess Cardiovascular Outcomes Following Treatment With Omarigliptin) was terminated because of commercial reasons; interim results showed no effect on MACE. Peroxisome proliferator-activated receptors (PPARs)  AleCardio: Aleglitazar is a dual agonist of PPARs with insulin-sensitising and glucose-lowering actions. The AleCardio trial enrolled 7226 patients hospitalised for acute coronary syndrome. The planned follow-up -at least 2.5 years-was terminated after a median of 104 weeks, upon recommendation of the data and safety monitoring board due to futility for efficacy and increased rates of safety endpoints (hospitalisation due to heart failure and changes in renal function). In July 2013, the sponsor announced that following the results of a regular safety review, the independent Data and Safety Monitoring Board (DSMB) has Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 recommended halting the trial due to safety signals and lack of efficacy. The 3point MACE was non-significant (HR 0.96). There were increased rates of heart failure and gastrointestinal bleeding and renal impairment. Heart failure is an established risk of PPAR-gamma activators and thought to be due to fluid retention. The increased risk for heart failure associated with aleglitazar in the AleCardio trial (HR, 1.22) was similar to that attributed to pioglitazone in a metaanalysis (HR, 1.41) Increased serum creatinine is also a known effect of PPARalpha activators and was associated with aleglitazar in this trial. [82-84] Dipeptidyl peptidase-4 inhibitors The incretin-based therapies include the oral dipeptidyl peptidase 4 inhibitors (DPP-4 i) and glucagon-like peptide-1 receptor (GLP-1R) agonists. While GLP-1RAs exert glucoregulatory actions by binding to GLP-1 receptors, DPP-4 i prevent inactivation of GLP-1. Four CVOTs assessed DPP-4 inhibitors vs placebo: TECOS (sitagliptin)], EXAMINE, (alogliptin), SAVOR-TIMI 53 (saxagliptin) and CARMELINA (linagliptin). None of these trials has shown to reduce the risk of MACE in the treatment group. Saxagliptin has shown a significant increased frequency of heart failure and alogliptin a non-significant increased risk of HF.

  Randomized clinical trials (RCTs) have revolutionised medical research and improved the quality of health care by clarifying the benefits and harms of many interventions.

52 Nelly

 52 Sulfonylureas (SU) have been associated with weight gain and an increased rate of myocardial infarction, all-cause mortality, stroke, heart failure and CV death. A number of new drugs -including insulins analogs-and new drug classes have been developed in order to achieve the glucose control in type 2 diabetic patients. A meta-analysis showed an increased risk of MI for rosiglitazone; this led regulatory agencies to require new glucose-lowering agents to show absence of cardiovascular toxicity. Large RCTs, designed and conducted in order to comply regulatory requirements, including populations at high cardiovascular risk, showed results varying from a neutral effect (DPP-4 i) to an important reduction in the risk of CV mortality, hospitalization for HF and all-cause mortality with empaglifozin, and some agents among the GLP-1 RAs agents showed decreased risk of MACE and mortality (liraglutide, semaglutide, albiglutide) Concerns have arisen because of an increased incidence of heart failure with the use of some agents, particularly some DPP-4 inhibitors (saxagliptin, alogliptin) and glitazones. Liraglutide and empagliflozin received a US FDA approval for reducing the risk of cardiovascular death in adult patients with type 2 diabetes mellitus and cardiovascular disease prevention as a new indication;[113, 114] in the EMPA-REG study the decrease on CV mortality is probably related with an increased diuresis, and the volume depletion and subsequent effect on heart failure occurrence or worsening.Rationale: Effects of non-insulin glucose-lowering agents on cardiovascular outcomes in Type 2 diabetic patients are still being assessed. IV. Protocol Rationale and Design Two new glucose-lowering classes, GLP-1 RAs and SGLT-2 i, demonstrated a reduction on MACE events and all-cause mortality in large controlledplacebo trials conducted in high CV-risk T2DM patients. Cardiovascular outcomes trials (CVOTs) assessing the effects of dipeptidyl-peptidase-4 inhibitors have shown non-inferiority compared to placebo, but failed to show superiority. Observational evidence: Previous epidemiological research has obtained variable results different regarding the association between cardiovascular disease events and exposure to different blood glucose-lowering agents. Observational research for each class obtained results of different magnitude in different settings. The assessment of cardiovascular outcomes in cohorts of patients treated with hypoglycaemic agents in clinical settings could provide useful information if adequately collected and analysed, although it can be compromised by uncontrolled biases and confounding, in particular confounding by indication. Health care databases' pharmacoepidemiologic and pharmacoeconomic analysis has a growing role in supporting health care decision making and efficient management of health care organizations. [134, 147] While experimental research has well-established standards for assessing the effects of drug on clinical outcomes, in observational research results depend on the studies' design regarding design-related bias or potential bias, comparator, selection of covariates for adjusting and strategies for minimising confounding. Large datasets of healthcare records are increasingly used to study the clinical outcomes of health care interventions in a general population including older adults who are often under-represented in clinical trials. [148] Healthcare records often lack of detailed clinical information-in particular, frailty-that is central to the clinical management of older adults.

Study population: 55 Nelly

 55 Catalan population aged ≥18, attending primary care practitioners registered in the SIDIAP, between January 1 st 2010 to December 31st 2015 with an active diagnosis of Type 2 diabetes mellitus and receiving a first prescription of a noninsulin glucose-lowering agent. Study period: from January 1 st 2010 until Dec 31 2015 Inclusion criteria (ICD-10 codes):  all patients registered in the SIDIAP database for at least one year previous to the index date.  aged ≥18,  attending primary care practitioners registered in the SIDIAP, between January 1 st 2010 to December 31st 2015  diagnosed of Type 2 diabetes mellitus (Coded E11.0, E11.1, E11.2, E11.3, E11.4, E11.5, E11.6, E11.7, E11.8, and E11.9)  receiving a first prescription of a non-insulin blood glucose-lowering agent. (NIAD) Exclusion criteria (ICD-10 codes):  people < 18 yrs,  diagnosis of Type 1 diabetes mellitus, (Coded E10.0, E10.1, E10.2, E10.3, E10.4, E10.5, E10.6, E11.8, and E11.9.) IV. Protocol Rationale and Design diabetes mellitus due to underlying condition, (E08); drug or chemical induced diabetes mellitus (E09); gestational diabetes (O24.4); post pancreatectomy diabetes mellitus (E13); postprocedural diabetes mellitus (E13); secondary diabetes mellitus NEC (E13)  active prescription of the given non-insulin glucose-lowering agent in the 90 days previous to cohort entry. SIDIAP provided a coded, de-identified dataset of new-users of NIADs. Patients on other drug(s) were considered "incident users" for the NIAD newly prescribed. In accordance, patients with ICD 10 code Z79.84 [long term (current use) of oral antidiabetic drugs] were included if received a first prescription on another one non-insulin glucose lowering agent.  Patients registered in the SIDIAP database ≤ 365 days (washout period) Restriction: In order to have a sample representative of the T2DM population treated with NIADs, no restrictions were applied other than age (<18) in the inclusion/exclusion criteria. Patients are not excluded for history of CV events, CVD or other risk factors for the CV outcomes. Restriction reduces the sample size, compromises the statistical power, limits the generalizability of the results, and precludes effect modification analyses by these risk factors. [133] Instead, subgroup analyses were performed in each of these sub-cohorts of patients (previous CVD yes/no, previous HF diagnosis yes/no, previous CKD diagnosis yes/no) Risk of selection bias: The risk of selection bias is low. Patients are not excluded for future events (such as therapy duration, insulin dispensing during follow-up, number of visits to GPs or doses of drugs of interest) Incident-users design: Patients should not have a prescription of the non-insulin blood glucose-lowering agent in the 90 days before the index date. This period could be too short of excluding prevalent users.



  are to compare, in cohorts of users of non-insulin glucoselowering drugs 1. the time from the first prescription of a A10B (ATC code) given agent to:  individual components of PCO: o all-cause death, o the first occurrence of non-fatal MI, o the first occurrence of non-fatal stroke 2. the time from the first prescription of a A10B (ATC code) given agent to:  the record of heart failure diagnosis (HF) (either HF onset or worsening to another NYHA class)  the first record of incident diagnosis of intermittent claudication, worsening of intermittent claudication or revascularization procedures for peripheral vasculopathy. Recorded diagnosis of first occurrence of any of the following events: o non-fatal MI, o non-fatal stroke o record of heart failure diagnosis, o incident diagnosis of intermittent claudication, worsening of intermittent claudication or hospitalization for peripheral revascularization procedures. Major adverse cardiovascular events (MACE) is the composite endpoint mentioned in the FDA and EMA guidances for the assessment of cardiovascular safety in new antidiabetic drugs: "These events should include cardiovascular mortality, myocardial infarction, and stroke, and can include hospitalization for acute coronary syndrome, urgent revascularization procedures, and possibly other endpoints." [163, 79] In RCTs, composite endpoints reduce the sample size requirements and allow to assess easily the net clinical benefit of an intervention, avoiding misinterpretations associated with competing risks and the challenge of using a single outcome to validate the study objectives. [164] All CVOTs assessing the CV safety of new blood glucose-lowering drugs have a three-or a four-points MACE as primary outcome. Three-points MACE (MI, stroke and CV death) has long been used for cardiac drug approvals by the US Food and Drug Administration and since late 2008 has become a primary safety outcome for non-insulin blood glucose-lowering drugs. Composite end points allow CVOTs to ensure that sample size and duration of followup remain reasonable. [117] The combination of clinical outcomes into a composite end point increases the numbers of events ascertained and thus statistical power and precision. [118] Composite CV end points in diabetes trials have included a larger number of components, while more recent CVOTs almost exclusively use a composite of CV death, nonfatal myocardial infarction (MI), and nonfatal stroke (three-point major adverse CV event,3P-MACE) composite-or add hospitalization for unstable angina (HUA) to these three outcomes (4P-MACE). Marx et al. pointed that "the primary outcome of 3P-MACE may offer a better balance than 4P-MACE between statistical efficiency, operational complexity, the likelihood of diagnostic precision (and therefore clinical relevance) for each of the component outcomes, clinical importance, and the aim to adequately capture any potential treatment effect of the intervention."[165]

Follow-up

  period: from January 1 st 2010 to December 31 st 2015 Data Sources Clinical data for selecting study population Selection of study population will be done on records of SIDIAP (Information System for the Development of Research in Primary Care), a primary care population computerized database. Data extraction (T2DM population ≥ 18 years, registered in SIDIAP ≥ 365 days, with a new claimed prescription of a new NIAD agent and no previous prescribing of this NIAD in the previous 90 days), coding and anonymization has been performed by SIDIAP. Demographic and clinical data extraction: In the coded, de-identified dataset provided by SIDIAP (Information System for the Development of Research in Primary Care), the following baseline characteristics have been retrieved for each cohort: Covariates included in the adjustment were: demographic data, clinical variables, Demographic data include: o sex (men, women) o age (further categorised into age subgroups: ≤44yrs, 45-64yrs; ≥ 65 years (for sub-group analyses we considered the categories < 75 years and ≥ 75 yearso MEDEA deprivation index for socio-economic inequalities in health94 

o

  Type 2-diabetes related:  standardised glycated haemoglobin (HbA1c) values; (registered up to 3 months before or on the index date [index prescription]  diabetes duration (yrs) at the index date  insulin treatment up to 3 months before or on the index date  insulin treatment during the follow-up o body mass index (BMI); o other cardiovascular risk factors  CV risk, according to REGICOR score  smoking status (past, current, never, according to the most recent information recorded in the medical history)  blood pressure (BP) (systolic [SBP] and diastolic [SBP]); (both SBP and DBP must be recorded in the same date in order to be included)  lipid levels including total cholesterol (TC), low-density lipoproteins or LDL cholesterol (LDLc), high-density lipoproteins or HDL cholesterol (HDLc) and triglycerides (TG) (TG, LDLc and HDLc must be recorded in the same date in order to be included)

ooo

  history [ICD-10 codes] Past morbidities include registered diagnosis previously to the index date of the following:  Cardiovascular disease o Acute coronary syndrome (ACS) (I20, I24) Myocardial infarction (I21) o Stroke (hospitalization for ischemic or haemorragic stroke, clinically evident transient ischemia) (I61, I62.9, I63, I64, I65, I66, I67, I69) Diagnosis of heart failure, heart failure (I50, I51.7, I,51.9) Peripheric arteriopathy (excluding Buerger and Raynaud), intermittent claudication Renal failure (N17-N19)

Cardiovascular drugsoo

  Antihypertensives [C02, C03, C07, C08, C09] Antithrombotic agents [B01A] o Lipid-modifying agents [C10] Drugs that potentially affect cardiovascular risk o Antidepressants [N06A] o NSAIDs [M01A]  Insulin and analogues [A10A]

  Code for coronary revascularization procedure  Code for peripheral revascularization procedure or onset or worsening of intermittent claudication (I73.9)  Code for heart failure (I50.0) Mortality: SIDIAP database is linked with the Catalan Institute of Health administrative database, which in turn is linked with mortality registry containing records of date and mortality causes for all Catalonia-residents' deaths. Linkage between databases is based on the CatSalut unique identifier code for each Catalonia resident.

  Use of insulin during monotherapy (for dual, second-lines only): yes/ no  Age: < 75 years and ≥ 75 years  Sex: male / female  Glycemic control o HbA1c < 8%) o HbA1c 8 -10 % o HbA1c > 10%  Diabetes duration: o 0-4 years o 5-9 years o 10-14 years o ≥ 15 years  Body Mass Index: o < 25 kg/ m 2 o 25-29.9 kg/ m2 o 30-39.9 kg/m2 o ≥ 40 kg/m2  History of cardiovascular disease: yes/no  History of heart failure: yes/ no  History of renal failure: yes/ no Nelly Raquel Herrera Comoglio Eu2P PhD December 2019  MEDEA index: o Rural o U1 (least deprived) o U5 (most deprived)

  Figure V.1 depicts the study design.Study PopulationPeople aged ≥18 years with an active T2DM diagnosis (ICD-10 codes E11) registered in the SIDIAP database ≥365 days before the cohort entry and without any blood-glucoselowering prescription in the 90 days prior the index date (including insulin and noninsulin). The study period extended from January 1st 2010 to December 31st 2015.

Figure V. 2

 2 Figure V.2 shows the selection flow.

Patients ≥ 18 Figure V. 1 :Figure V. 2 :

 1812 Figure V.1: Summary of design characteristics and design-related potential sources of bias

  Covariates ascertainment: Age, sex and time from T2DM diagnosis were retrieved at the date of the first prescription of the NIAD prescribed in first-line. We extracted the following values up to 3 months before the ID: standardized glycated haemoglobin (HbA1c), history of CV disease (including coronary artery disease (ICD-10 codes I20, I21, I22, I23, or I24), stroke (ICD-10 codes I61. I62, I63, I64), heart failure (ICD-10 I50.0), peripheral artery disease (ICD-10 code I73.9). Values of cholesterol levels (total, low-density lipoproteins or LDL-cholesterol, and high-density lipoproteins or HDLcholesterol), systolic and diastolic blood pressure (BP) were extracted up to 12 months before the index date. We extracted the value of the local REGICOR index of CV risk during the 15 months prior to the index date. The most recent recorded value of the body mass index (BMI) was retrieved from records in the last 15 months before the index date.We also extracted data of concomitant medication at baseline (any active prescription at the index date) of the following therapeutic groups: ACE inhibitors/ARBs, (C09) Aldosterone antagonists (C03), Antiplatelet drugs, (B01A) β-Blockers (C07), Calcium channel blockers (C08), Diuretics (C03), Statins (C10AA), Other lipid-lowering drugs Nelly Raquel Herrera Comoglio Eu2P PhD December 2019

MEDEA:

  Mortality in small Spanish áreas and economic and environmental inequalities REGICOR index: Framingham-REGICOR (Registre Gironí del Cor) local index of cardiovascular risk NIAD: non-insulin blood-glucose-lowering "antidiabetic" drugs; DPP-4 i: dipeptidyl-peptidase-4 inhibitors T-C: Total cholesterol; HDLC: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol * Values for HbA1c, comorbidities, concomitant use of drugs: ≤ 3 months before the index date. Values of cholesterol levels and blood pressure were extracted up to 12 months before the index date. Values of REGICOR index of CV risk during the 15 months before the index date. Values of body mass index (BMI) were the most recent ≤15 months before the index date.

  metformin: both meglitinides (repaglinide) and DPP-4 i increased risk of mortality and MACE. Evidence from CVOTs with DPP-4 inhibitors (TECOS [sitagliptin], SAVOR-TIMI [saxagliptin], and CARMELINA [linagliptin]) obtained neutral results on cardiovascular outcomes and mortality vs placebo.[85, 89, 93-] On the other hand, most of the observational evidence obtained favourable results for the use of DPP-4 i.

  included instead of incident-users only. (Fig. V.4) The exclusion of prescriptions initiated in 2009 could not have been enough to remove prevalent users entirely. A sensibility analysis was performed with data of 2011-2015 monotherapy cohorts to exclude more extensively possible prevalent patients. In the sensibility analysis, the results for the primary and secondary outcomes of the 2011-2015 period are similar in magnitude and direction to those of 2010-2015 period. (Table V.6)

[ 193 ] 105 Nelly

 193105 A population-based study recently published compared major adverse cardiovascular events (MACE) among patients with diabetes who reached a reduced kidney function threshold and continued treatment with metformin or a sulfonylurea.[START_REF] Roumie | Association of Treatment With Metformin vs Sulfonylurea With Major Adverse Cardiovascular Events Among Patients With Diabetes and Reduced Kidney Function[END_REF] The study found better cardiovascular and mortality outcomes for patients treated with metformin monotherapy compared with SUs monotherapy. Patients who continued metformin monotherapy had reduced risk for the primary composite outcome of hospitalization for acute myocardial infarction (AMI), ischemic or hemorrhagic stroke, transient ischemic attack (TIA), or date of cardiovascular death, HR 0.80 (0.75 to 0.86) and cardiovascular death (HR 0.70 [0.63 -0.78]).V. First-line monotherapies

  study of adult T2DM patients who had started a first-line monotherapy with metformin during the study period (1st January 2010 to 31st December 2015) and were first prescribed a second-line non-insulin blood-glucose-lowering drug. Thus, we used a newuser design to reduce bias. Fig V.1 represents graphically the study design and risks of bias.

Figure VI. 1 :

 1 Figure VI.1: Summary of design characteristics and design-related potential sources of bias

  years with an active T2DM diagnosis (ICD-10 codes E11) who had been first-prescribed metformin during the study period and who were included in the cohort study assessing first-line monotherapies. The study period extended from January 1st 2010 to December 31st 2015. Patients on metformin monotherapy entered in the secondline cohorts as their condition worsened and needed treatment intensification. The flow of patients into the cohort increased as time passed, and the percentage in the 2010 second-line cohort is much lower than in the following years. Figure VI.2 shows the selection flow. Exposures: Any non-insulin blood-glucose-lowering drug added to metformin as a second-line dual combination therapy: sulfonylureas (A10BB), meglitinides (repaglinide [A10BX02], nateglinide [A10BX03]), DPP-4 inhibitors (vildagliptin [A10BH02], saxagliptin [A10BH03],linagliptin [A10BH05], alogliptin [A10BH04], and sitagliptin [A10BH01]; glucagon-like peptide 1 receptor agonists (GLP-1 RA) (exenatide [A10BJ01], liraglutide [A10BJ02], lixisenatide[A10BJ03], albiglutide [A10BJ04], dulaglutide [A10BJ05]); SGLT-2 inhibitors: dapagliflozin [A10BK01], canagliflozin [A10BK02] , empagliflozin [A10BK03]; thiazolidinediones (pioglitazone[A10BG03] and rosiglitazone [A10BG02]) and other agents. Switching between drugs of the same class doesn't change the patient's cohort. The index date (ID) is defined as the day of the first recorded claimed prescription of the NIADs first added to metformin. Patients were considered at risk from the day of the claimed prescription until the prescription to another non-insulin blood glucoselowering class agent or censoring.

(

  MACE): all-cause death, non-fatal myocardial infarction (MI) and non-fatal stroke. Secondary outcomes are components of MACE: myocardial infarction [ICD-10 I21), stroke (I61. I62, I63, I64), a new diagnosis of heart failure (I50.0) and onset or worsening of intermittent claudication (I73.9)

  Fig. VI. 3 shows the patients' entry to each cohort.

Figure VI. 3 .

 3 Figure VI.3. Yearly percent of second-line, metfomin-based dual therapies for each NIAD class, 2010-2015, SIDIAP database

  were 174 myocardial infarctions, 484 events of stroke and 1,261 patients died. There were also 578 new diagnoses of heart failure and 465 of PAD. Cohorts of dual second-line metformin-based regimes were compared with MET + SUs as reference, because this combination is the recommended in local guidelines and the most widely used dual combined therapy in the study population.After adjusting for all available demographic, clinical and concomitant medications data at baseline and for the use of insulin after the index date and before or on the date of the event, compared with MET + SUs dual therapy, only patients on MET + SUs dual therapy were at significant higher risk of MACE, HR 1.19 (1.01 -1.42) and all-cause mortality, HR 1.38 (1.14 -1.67). In all the other outcomes, meglitinides showed no difference compared with MET + SUs. The use of MET + DPP-4 i showed no statistical differences with the use of MET + SUs.Other combined therapies (MET + GLP-1 RA, MET + SGLT-2 i and MET + TZD) do not reach statistical significance or had 0 events.

Fig VI. 4 :

 4 Fig VI.4: Subgroup analyses of risk of MACE in cohorts of metformin patients who were added DPP-4 i (A) or meglitinides (B) compared to the addition of sulfonylureas (SUs).

  All estimators: adjusted HR: hazard ratio; (95% CI): 95% confidence interval. MET+SUs is reference. MACE: composite of major adverse cardiovascular events (MI, stroke and all-cause mortality); MI: myocardial infarction; HF: heart failure; RF: renal failure; MET: metformin; SUs: sulfonylureas; DPP-4 i: dipeptidylpeptidase 4 inhibitors. SUs: sulphonylureas. SUs: Gliclazide 67.24%; Glibenclamide/glyburide 18.87%; Glimepiride 12.57%. DPP-4 i: dipeptidyl-peptidase 4 inhibitors. DPP-4 i: Sitagliptin 56.42%; Vildagliptin: 27.49%; Linagliptin 12.83%. Meglitinides: Repaglinide 98.50% A: MET + DPP-4 i vs MET + SUs B: MET + meglitinides vs MET + SUs VI. Second-line, metformin-based, dual therapies 127

  MET+meglitinides compared with MET+SUs are shown in Table VI.5. Results of subgroup analysis for MACE are shown in Figure VI.4 b.

[ 225 ]

 225 Frail patients might have been prescribed meglitinides because of their safer profile compared with SUs. The lack of cancer diagnosis or other covariates indicating frailty prevents us drawing any sound conclusion based on the results of all-cause mortality in the MET+ meglitinides group compared with the MET + SUs group (HR 1.38 [95% CI 1.14-1.67]) or the results of the monotherapy meglitinides vs metformin (HR 2.08 [1.26-3.42]). The measurement of all factors plausibly related to prognosis is essential.[168] Specific covariates allowing to control appropriately for confounding for indication were not available in our study. Even in studies that control for relevant measured confounders but have unmeasured or poorly measured frailty, the possibility of residual confounding by frailty exists.[START_REF] Presley | Evaluation of frailty as an unmeasured confounder in observational studies of antidiabetic medications[END_REF] Another strategy as the propensity score matching would have reduced the sample size and also produced a cohort representative of all MET + meglitinide users, but not fully representative of MET + SUs users, thus limiting its generalizability.

5

 5 Since 2005, 15 new non-insulin blood-glucose-lowering drugs (non-insulin "antidiabetic drugs," NIADs) have been marketed, adding three new classes of non-insulin products: glucagon-like peptide-1 receptor agonists (GLP-1 RAs), sodium-glucose cotransporter-2 inhibitors (SGLT2 i) and inhibitors of dipeptidyl-peptidase 4 (DPP-4 i). 6 Native GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) account for up to 60% of post-prandial insulin release. The activation of GLP-1 receptor increases insulin secretion, lowers inappropriate high glucagon secretion in a glucose-dependent manner and has effects in extrapancreatic tissues, decelerating gastric emptying, reducing food intake-and body weight-and lowering circulating lipoproteins, inflammation and systolic blood pressure. 7,8 GLP-1 RAs have longer T1/2 than native GLP-1 and are the only injectable class among the marketed non-insulin blood-glucose-lowering agents. The route of administration and gastrointestinal adverse effects are the main reasons for the non-adherence to treatment, relatively frequent in patients initiating GLP-1 RAs. 9 The first agent of the GLP-1 RA class, exenatide b.i.d., is available in clinical practise since 2005. Semaglutide has been approved in late 2017-2018 and the only GLP-1 RA with an oral formulation, oral semaglutide, in 2019. 10Non-insulin glucose-lowering agents are marketed based on results of clinical trials with surrogate variables, mainly the percentage of glycated haemoglobin and other glucose markers.11 However, in spite of the clear correlation between diabetes and CVD, the effect of glucose-lowering therapies and glycemic control on CVD is unclear.5 Since 2008, glucose-lowering agents that received marketing authorisation based on results of clinical trials with surrogate variables have to comply with regulatory recommendations regarding CV safety.12,13 Because of the low rate of CV events, these cardiovascular outcomes trials (CVOTs) enrol a large number of diabetic patients usually with established or at high risk of CVD, and have long follow-up (FU) periods. Up to date, seven CVOTs assessing GLP-1

(

  MACE); for liraglutide, these results were driven by the reduction in CV mortality and for semaglutide, by the reduction of non-fatal strokes. In August 2017, the US FDA included as a new indication for liraglutide the reduction of the risk of CV events in adults with type 2 diabetes who have established CVD. However, it is often unclear to what extent results of clinical trials conducted in selected high-risk CV populations apply to unselected ones, composed mainly of low CV risk patients. If adequately conducted, studies using data of electronic healthcare databases containing secondary information (EHDs) can be useful to provide complementary or confirmatory evidence of the effects of drugs in real-world populations, especially for those underrepresented or excluded in RCTs. EHDs containing secondary information-(EHDs)-are increasingly used as source data in observational research evaluating comparative drug effectiveness and safety and have an increasingly important role in the generation of scientific evidence. 21 For comparative effectiveness research and the study of relatively rare events, EHDs have many advantages over RCTs: have large size data, include patients often underrepresented in clinical trials, are representative of routine clinical care and suitable to study real-world effectiveness and utilisation patterns. 22 On the contrary, observational studies almost always have a bias because of the unequal distribution of prognostic factors between patients exposed or not exposed to an intervention. The non-randomised design inherent to observational research can produce misleading results because of several flaws arising from design, time-related

  compare characteristics of designs, baseline study populations and results of observational cohort studies conducted in EHDs assessing MACE, hospitalisation for heart failure (HHF) and allcause mortality in Type 2 diabetes patients treated with GLP-1

  RAs) on Type 2 diabetes mellitus (T2DM) unselected populations, composed mainly of low CV risk patients, has been assessed through observational cohort studies in Western healthcare databases.• Pooled results of these observational studies suggest a beneficial effect of GLP-1 RAs on all-cause mortality, and to a lesser extent, on CV events; results for the HHF were neutral.TA B L E 1Published RCTs assessing CV outcomes in Type 2 diabetes mellitus patients treated with GLP-1 RAs: characteristics, population and results

3 .

 3 Nested case-control studies. The flow diagram (Figure 1) and the list of retrieved and excluded papers show the results of the selection process. (Tables

1

 1 Flowchart of the selection process (PRISMA statement) a well-defined class: vs SUs, 35 vs DPP-4 i 40,41 (two with prior use of MET at baseline) or evaluated GLP-1 RAs vs other second-line

F I G U R E 2

 2 Funnel plots of 16 observational longitudinal cohort studies assessing effects of GLP-1 RAs in Type 2 diabetes mellitus patients. A, All-cause mortality. B, Cardiovascular events. C, Hospitalization for heart failure TA B L E 2 Observational cohort studies assessing the effect of glucagon-like peptide receptor agonists (GLP-1 RAs) on cardiovascular outcomes, all-cause mortality and/or heart failure MI, ischemic stroke or coronary revascularisation HR 0.

4

 4 selected both current and incident users of GLP-1 RAs (vs non-GLP-1 RAs use). Suissa et al 35 proposed the prevalent new-user cohort design to compare GLP-1 RAs-irrespective to the F I G U R E 3 Meta-analysis of observational cohort studies performed in LHDs assessing all-cause mortality (A) and CV events (B) in Type 2 DM patients treated with GLP-1 RAs. A, all-cause mortality. B, CV events Meta-analysis of observational cohort studies performed in LHDs assessing all-cause mortality (A) and CV events (B) in Type 2 DM patients treated with GLP-1 Ras. Sensitivity analysis including 16 studies. A, Sensitivity analysis of all-cause mortality. B, Sensitivity analysis of cardiovascular (CV) events (A) (B) previous use of the comparator drug-to SUs incident or prevalent users: a purely incident new-user design would have restricted the 6196 GLP-1 RAs users to only 1633 new users of GLP-1 RAs. The GLP-1 RAs users were matched to SUs users employing a time-conditional propensity score matching based both on time and numberof prescriptions, to compare patients with the same severity of the disease.35 

  Best et al selected more than 300 covariates, among them, the top 50 of each pre-exposure patient characteristics. In Patorno et al, 31 three propensity scorematched cohorts included matching of more than 200 patients' characteristics.

F I G U R E 5 3 . 11 . 1 |

 53111 Meta-analysis of observational cohort studies performed in LHDs assessing hospitalization for heart failure (HHF) in Type 2 DM patients treated with GLP-1 Ras Time-related bias Three studies with the new-user design did not start the FU at the same time with the start of treatment. Ekström started the FU at the second filled prescription of the agent added to MET; a delay not temporally defined, and considered not to be important. Toulis et al set the index date for each exposed patient as the date of the fourth quarter consecutive GLP-1 RAs prescriptions (at least 9 months after the start of GLP-1 RAs therapy): this would imply a selection bias for tolerant/responsiveness or adherent patients and could have affected outcomes' ascertainment.

  

  

Table II .1: Characteristics of cardiovascular outcomes trials (CVOTs) assessing the effects of dipeptidyl peptidase-4 inhibitors (DPP-4 i) vs placebo CVOTs

 II 

	CVOTs	N	Follow-	MACE	All-	CV	AMI	Stroke	HHF
	DPP-4 i		Median up		Mortality Cause	Mortality			
	TECOS [85]	14,671 3.0 yrs	0.98 (0.89-1.08) (4 p)	1.01 (0.90-	1.03 (0.89-	0.95 (0.81-	0.97 (0.79-	1.00 (0.83-
	Sitagliptin			0.99 (0.89-	1.14)	1.19)	1.11)	1.19)	1.20)
				1.10) (3-p)					
	EXAMINE [86, 87]	5,380	1.5 yrs	0.96 (≤1.16) 0.88 (0.71-	0.85 (0.66-	1.08 (0.88-	0.91 (0.55-	(non-significant
	Alogliptin				1.09)	1.10)	1.33)	1.50)	increase)
	SAVOR-TIMI 53 [88] Saxagliptin	16,492 2.1 yrs	1.00 (0.89-1.12) (3-p) 1.11) 1.02 (0.94-	1.11 (0.96-1.27)	1.03 (0.87-1.22)	0.95 (0.80-1.12)	1.11 (0.88-1.39)	1.27 (1.07-1.51)
	CARMELINA [93] Linagliptin	6,991	2.2 yrs	1.02 (0.89-1.17)	0.98 (0.84-1.13)	0.96 (0.81-1.14)	1.12 (0.90-1.40)	0.91 (0.67-1.23)	0.90 (0.74-1.08)
	of Care (EXAMINE study) assessed the primary 3-point MACE in 5380 T2DM
	patients with an acute coronary syndrome (ACS) within the previous 15 to 90
	days, and showed no difference between groups, although the glycated
	haemoglobin levels were significantly lower with alogliptin than with
	placebo.[86]							
	Nelly Raquel Herrera Comoglio		Eu2P PhD			December 2019	

: cardiovascular outcomes trials; DPP-4 i: dipeptidyl peptidase-4 inhibitors; MACE: major adverse cardiovascular events (composite outcome); 5-p: 5 points MACE; 4-p: 4 points MACE; 3-p: 3-points MACE. CV: cardiovascular; AMI: acute myocardial infarction; HHF: hospitalisation for heart failure. All subjets were randomized 1:1 to investigational product and placebo. Significant results are highlighted in bold.  EXAMINE (alogliptin): Alogliptin is a selective DPP-4 i, approved for the treatment of type 2 diabetes in January 2013 in the US and in September 2013 in EU. Examination of Cardiovascular Outcomes with Alogliptin versus Standard

  In the SAVOR TIMI 53 trial, baseline HbA1c ≥7% was associated with increased risk of cardiovascular death, myocardial infarction, or ischemic stroke (adjusted hazard ratio 1.35; 95% CI 1.17-1.58) but not with hospitalisation for heart failure (adjusted HR 1.09; 95% CI, 0.88-1.36).[START_REF] Cavender | Cardiovascular Outcomes of Patients in SAVOR-TIMI 53 by Baseline Hemoglobin A1c[END_REF] 

	[91]  CARMELINA (linagliptin): The trial CARMELINA trial included 6979
	patients (mean age, 65.9 years; eGFR, 54.6 mL/min/1.73 m; 80.1% with renal
	impairment), the median follow-up was 2.2 years. The HR for the 3-points MACE
	was 1.02; 95% CI, 0.89-1.17. No differences were observed for the kidney
	outcome (time to first occurrence of adjudicated death due to renal failure, end-
	stage renal disease, ESRD, or sustained 40% or higher decrease in eGFR from
	Nelly Raquel Herrera Comoglio	Eu2P PhD	December 2019

baseline) HR, 1.04; 95% CI, 0.89-1.22. No difference was found in hypoglycemia, but there were more cases of confirmed acute pancreatitis in the linagliptin group.

[START_REF] Rosenstock | Effect of Linagliptin vs Placebo on Major Cardiovascular Events in Adults With Type 2 Diabetes and High Cardiovascular and Renal Risk: The CARMELINA Randomized Clinical Trial[END_REF] 

Table II

 II 

	The intervention showed neutral results on the 4-points MACE (+ unstable
	angina) and in its components or heart failure. [94]

.2 shows the characteristic and results of CVOTs assessing GLP-1 RAs vs placebo.

 ELIXA: Lixisenatide is a GLP-1 RA, with a short half-life (i.v. 30 min and 2-3 h after s.c. administration. The ELIXA study included 6068 patients with acute coronary syndrome within the previous 180 days, mean follow-up was 2.1 years.

Table II .2: Characteristics of cardiovascular outcomes trials (CVOTs) assessing effects of glucagon-like peptide 1 receptor agonists (GLP-1 RAs) vs placebo

 II The increase in the hematocrit and an HR of 1.33 for stroke have been found in a meta-analysis of RCTs with SGLT2 inhibitors.[START_REF] Sano | Increased Hematocrit During Sodium-Glucose Cotransporter 2 Inhibitor Therapy Indicates Recovery of Tubulointerstitial Function in Diabetic Kidneys[END_REF] 104] The characteristics and results of the CVOTs assessing sodium-glucose cotransporter-2 inhibitors vs placebo are shown in TableIII.3.

	 The LEADER (liraglutide) trial assessed the effects of liraglutide, a GLP-1 pancreatitis, pancreatic cancer, medullary thyroid carcinoma, and serious adverse CANVAS (canagliflozin) and DECLARE-TIMI 58 (dapagliflozin) showed reduction in
	analogue administered once daily. The LEADER assessed the 3-point MACE in events did not differ significantly between the two groups. [97] heart failure outcomes. For the group of glucose co-transporter-2 inhibitors (SGLT-2 i),
	9340 patients with high CV risk T2DM; the median follow-up was 3.8 years. The primary outcome for the liraglutide group was significant lower (HR, 0.87 95% empagliflozin (EMPA-REG outcome) has shown a substantial relative risk reduction of  The HARMONY (albiglutide) trial included 9463 participants with CVD; the death from cardiovascular causes, hospitalisation for heart failure and all-cause mortality.
	CVOTs GLP-1 RAs CI 0.78-0.97), mainly due to a lower rate in CV death in the liraglutide group n Follow-up Median MACE All-Cause Mortality CV AMI Stroke median follow-up was at least 1.6 years. Albiglutide was superior to placebo in The hematocrit increases during treatment with SGLT2 inhibitors, which have a diuretic Mortality (hazard ratio, 0.78). Non-fatal MI and non-fatal stroke were non-statistically reducing the risk of 3 p. MACE (HR 0.78, 95% CI 0•68-0•90).[98] effect but do not cause sufficient hemoconcentration to increase the risk of cerebral	HHF
	ELIXA [94] lower in the liraglutide group: HR, 0.88 95% CI 0.71-1.03 and HR, 0.89 95% CI 6,068 2.1 yr. 1.02 (0.89-1.17) 0.94 (0.78-1.13) 0.98 (0.78-1.22) 1.03 (0.87-1.22) 1.12 (0.79-1.58) 0.96 (0.75 -infarction. Elevation of the hematocrit during SGLT2 inhibitor therapy is presumed to  The PIONEER 6 (oral semaglutide) trial assessed the 3-point composite MACE 1.23) 0.72-1.11 respectively. The rate of death from any cause was lower in in 3183 patients with high cardiovascular risk (mean age 66 years; 84.7% were 50 involve enhancement of erythropoiesis in addition to hemoconcentration.[102]
	Lixisenatide the liraglutide group (HR, 0.85 95% CI 0.74-0.97). Hospitalisation for heart years of age or older and had cardiovascular or chronic kidney disease; mean
	LEADER [95] failure (HHF) was non-significantly reduced in the liraglutide arm (HR, 0.87 95% 9,340 3.8 yr. 0.87 * (0.78-0.97) 0.85* (0.74-0.97) 0.78* (0.66-0.93) 0.86 (0.73-1.00 0.86 (0.71-1.06) 0.87 (0.73-1.05) follow-up was 15.9 months) The primary MACE for semaglutide vs placebo was
	Liraglutide								
	SUSTAIN-6	3,297	2.1 yr.	0.74 *	1.05 (0.74-	0.98; (0.65	0.74 (0.51-	0.61 (0.38	1.11 (0.77-
	[96]			(0.58-0.95)	1.50)	1.48)	1.08)	-0.99)		1.61)
	Semaglutide								
	EXSCEL	14,752	3.2 yr.	0.91 (0.83-	0.86*	0.88	0.97	0.85		0.94
	[97]			1.00)	(0.77-0.97)	(0.76-1.02)	(0.85-1.10)	(0.70-1.03)	(0.78-1.13)
	Exenatide								
	LAR								
	HARMONY	9,463	1•6 yr.	0.78 *	0.95 (0.79-	0.93 (0•73-	0.75 *	0.86 (0.66-		prior HF
	[98]			(0•68-0•90)	1.16)	1•19)	(0.61-0.90)	1.14)	[0.70 (0.54-0.90)]*
	Albiglutide								
	PIONEER-6	3,183	1.32	0.79; (0.57	0.51*	0.49 *	1.18 (0.73 -	0.74 (0.35-	0.86 (0.48-
	[99]			to 1.11)	(0.31-0.84)	(0.27-0.92)	1.90)	1.57)		1.55)
	Oral								
	semaglutide								
	REWIND	9,901	5.4 yr.	0.88 *	0.90 (0.80-	0.91 (0.78-	0.96 (0.79-	0.76 *	0.93 (0.77-
	[100]		[5.1-	(0.79-0.99)	1.01)	1.06)	1.15)	(0.62-0.94)		1.12)
	Dulaglutide		5.9]						
	placebo group did not show differences in the 3-point MACE, HR 0.91; 95% CI
	0.83 to 1.00. The rates of death from cardiovascular causes, fatal or non-fatal
	myocardial infarction, fatal or non-fatal stroke, hospitalisation for heart failure,
	and hospitalization for acute coronary syndrome, and the incidence of acute
	Cardiovascular Outcomes trials		29				
	Nelly Raquel Herrera Comoglio Nelly Raquel Herrera Comoglio		Eu2P PhD Eu2P PhD			December 2019 December 2019

CVOTs: cardiovascular outcomes trials; GLP-1 RAs: glucagon-like peptide 1 receptor agonists; MACE: major adverse cardiovascular events (composite outcome4-p: 4 points MACE; 3-p: 3-points MACE. CV: cardiovascular; AMI: acute myocardial infarction; HHF: hospitalisation for heart failure. Significant results are highlighted in bold. Values for follow-up are median. Participants in all trials were randomized 1 :1 to investigational drug or placebo. * no history of HF [0.82 (0.69-0.98)] CI 0.73-1.05).The rate of composite outcome of renal or retinal microvascular events was lower in the liraglutide group than in the placebo group (hazard ratio, 0.84), driven by a lower rate of nephropathy events in the liraglutide group (hazard ratio, 0.78), retinopathy events were non significantly higher in the liraglutide group than in the placebo group (0.6 vs 0.5 events per 100 patient-years; HR,

1.15). [95]

 SUSTAIN-6: The SUSTAIN study was a non-inferiority large RCT assessing the effect of semaglutide, a long-acting glucagon-like peptide 1 (GLP-1) analogue with an extended half-life of approximately 1 week, on cardiovascular outcomes vs placebo 3297 Type 2 diabetic patients. The primary composite outcome was the 3 points MACE, HR 0.74; 95% CI 0.58 to 0.95. Nonfatal myocardial infarction was reduced, HR 0.74; 95% CI, 0.51 to 1.08; as well as nonfatal stroke (HR 0.61; 95% CI, 0.38 to 0.99. Rates of death from cardiovascular causes were similar in the two groups.

[START_REF] Marso | SUSTAIN-6 Investigators. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes[END_REF] 

 The EXSCEL (exenatide LAR) included 14,752 patients, 73.1% with a previous CVD; the median follow-up was 3.2 years. Patients treated with exenatide and non-significant, HR 0.79; 95% CI 0.57 to 1.11. For components of the MACE, death from cardiovascular causes, HR 0.49; 95% CI, 0.27 to 0.92; and death from any cause (HR 0.51; 95% CI, 0.31 to 0.84) were significantly reduced, while nonfatal MI and non-fatal stroke showed no differences.

[START_REF] Husain | PIONEER 6 Investigators. Oral Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes[END_REF] 

 The REWIND (dulaglutide) trial recruited 9901 patients who had either a previous cardiovascular event or cardiovascular risk factors, 31.5 % of patients had a history CVD, 22.2% had a baseline renal impairment, and 8.5% had a history of heart failure; mean HbA1c 7•2%; the mean follow-up was 5.4 years.

Patients treated with dulaglutide had decreased risk of the primary outcome, the 3-point MACE, HR 0.88, 95% CI 0.79-0.99 and stroke HR 0.76 (0.62-0.94. Allcause and CV mortality, MI and HF did not differ between groups.

[START_REF] Gerstein | Design and baseline characteristics of participants in the Researching cardiovascular Events with a Weekly INcretin in Diabetes (REWIND) trial on the cardiovascular effects of dulaglutide[END_REF] 

The exploratory analysis showed improved renal outcomes in patients treated with dulaglutide: HR 0.95, 95% CI 0.77-0.93, with a clear effect for microalbuminuria, HR 0.77, 95% CI 0.68-0.87. More participants assigned to dulaglutide reported a gastrointestinal adverse event during follow-up compared with participants assigned to placebo.

[START_REF] Gerstein | Dulaglutide and renal outcomes in type 2 diabetes: an exploratory analysis of the REWIND randomised, placebocontrolled trial[END_REF] 

Sodium-glucose co-transporter 2 inhibitors (SGLT-2)

The SGLT1 and SGLT2 are primarily responsible for intestinal glucose absorption and reabsorption of most of the filtered glucose in the kidney. The tree studies belonging to the class of sodium-glucose cotransporter 2 inhibitors: EMPA-REG (empagliflozin),

Table III .3: Characteristics of cardiovascular outcomes trials (CVOTs) assessing effects of sodium-glucose cotransporter-2 inhibitors (SGLT-2 i) vs placebo

 III 

	CVOTs	N	Follow-	MACE	All-Cause	CV	AMI	Stroke	HHF
	SGLT-2 i		up		Mortality	Mortality			
			Median						
	EMPAREG OUTCOMES	7020 (1:1:1)	3.1	0.86 (0.74-0.99)	0.68 (0.57-0.82)	0.62 (0.49-0.77)	0.87 (0.70-1.09)	1.18 (0.89-1.56)	0.65 (0.50-0.85)
	[105, 106]								
	Empagliflozin								
	CANVAS [107]	10,142 (1:1)	2.34	0.86 (0.75-0.97)	0.87 (0.74-1.01)	0.87 (0.72-1.06)	0.89 (0.73-1.09	0.87 (0.69-1.09)	0.67 (0.52-0.87)
	Canagliflozin								
	TIMI 58 DECLARE-	(1:1) 17,160	4.2	(0.84-1.03) 0.93	(0.82-1.04) 0.93	(0.82-1.17) 0.98	(0.77-1.01) 0.89	(0.84-1.21 1.01	0
	[108, 109]								
	Dapagliflozin								

.73 (0.61-0.88)

  

CVOTs: cardiovascular outcomes trials; SGLT-2 i: sodium-glucose cotransporter-2 inhibitors; MACE: major adverse cardiovascular events (composite outcome4-p: 4 points MACE; 3-p: 3-points MACE. CV: cardiovascular; AMI: acute myocardial infarction; HHF: hospitalisation for heart failure. Significant results are highlighted in bold. Randomisation is shown in n column, as (1 :1), empagliflozin has three arms : placebo, empagliflozin 10 mg and empagliflozin 25 mg.

Sodium-glucose co-transporter inhibitors

  

	Boye et al. estimated the proportions of individuals in the reference population (US adults from data on key inclusion criteria and information indicating a diagnosis of T2D.
	IQVIA Real-World Data Adjudicated Claims database) weighted by data from the Of these, 4.1% met the criteria for EMPA-REG OUTCOME, 4.8% for VERTIS-CV,
	National Health and Nutrition Examination Survey (NHANES), represented by subjets in 8.8% for the CANVAS program, and 39.8% for the DECLARE-TIMI 58 trial. [130]
	the CVOTs for age, sex, body mass index (BMI), HbA1c, eGFR category, and prior MI.
	The cohort included 113,079 T2DM patients. Based on inclusion/exclusion criteria, Birkeland et al. conducted a cross-sectional study in four European countries. In 2015, a
	42.6% of the US reference population were eligible for enrolment in REWIND total T2D population of 803 836 patients was identified in Germany (29.79%), The
	(dulaglutide), versus 15.9% in EXSCEL (exenatide LAR), 13.0% in SUSTAIN-6 Netherlands (4.51%), Norway (18.63%) and Sweden (47.07%). These cohorts showed
	(semaglutide), and 12.9% in LEADER (liraglutide). [127] that the general population had 25% to 44% cardiovascular (CV) disease baseline
	prevalence and high CV-preventive drug use (>80%). In brief, Type2 DM unselected
	Wittbrodt et al. compared data from the US population National Health and Nutrition population had less prevalent CV disease, and patients were slightly older than those
	Examination Survey (NHANES) with published eligibility of CVOTs evaluating GLP-1 included in the CVOTs. As in other studies assessing generasibility, the DECLARE-TIMI
	RAs, and estimated the percentage of US patients who would have met eligibility criteria 58 trial had the highest representativeness, 59% compared to the general T2D population,
	for enrollment in the GLP-1 RAs CVOTs: 47.2% of US population fulfill criteria for 2-, 3-and 4-fold higher compared to the CANVAS (34%), EMPA-REG OUTCOME
	EXSCEL, 22.4% for REWIND, 15.5% for FREEDOM-CVO, 12.8% for LEADER, (21%) and VERTIS-CV (17%) trials, respectively. [123]
	11.8% for SUSTAIN-6, 8% for HARMONY (albiglutide) and 6.4% for the ELIXA trial.
	[128] Nicolucci et al. conducted a study in 222 Italian clinics, with 455,662 adult patients with
	T2DM. Among the population identified, the proportion of patients meeting major
	eligibility criteria was 11.7% for EMPA-REG OUTCOME, 29.4% for CANVAS, 55.9%
	for DECLARE-TIMI 58, and 12.8% for VERTIS-CV. "Real-world" patients were older,
	In European countries, there were consistent patterns of representativeness of CVOTs had longer diabetes duration, lower BMI and HbA1c levels, lower prevalence of the
	for enrolment criteria. The DECLARE-TMI 58 (dapagliflozin) trial had the highest established cardiovascular and cerebrovascular disease, and higher rates of microvascular
	representativeness, indicating that it included and examined patients who are most complications and peripheral arterial disease than those participating in the CVOTs,
	representative of the general T2D patients in the studied countries. [129] eligible patients. [131]	
	Wittbrodt et al. conducted a cross-sectional retrospective study to evaluate the
	proportions of US adults with T2D meeting the eligibility criteria for each of the 4
	sodium-glucose cotransporter-2 (SGLT2) inhibitor CVOTs. Data were extracted from
	Hinton et al. conducted with data of the UK Royal College of General Practitioners the National Health and Nutrition Examination Survey, (NHANES) in the periods 2009-
	(RCGP) Research and Surveillance Centre (RSC) network database. In this study, only 2010 and 2011-2012. Weighted analysis of T2D diagnosis and other relevant clinical and
	16.6% out of 84 394 T2DM patients met the inclusion criteria for established or high-risk demographic characteristics was used to estimate the percentage of US adults with T2D
	CV disease of the LEADER trial (liraglutide). In the general population studied, patients who met the eligibility criteria for the CANVAS program (CANagliflozin cardioVascular
	were older (73.2 vs 64.2 years), had lower mean glycated haemoglobin (67.1 vs 71.6 Assessment Study) (canagliflozin); and the DECLARE-TIMI 58 (dapagliflozin), EMPA-
	mmol/mol) and mean body mass index (30.9 vs 32.5). [126] REG OUTCOME (empagliflozin), and VERTIS-CV (ertugliflozin) trials. 23,941,512 US
	Nelly Raquel Herrera Comoglio	Eu2P PhD	December 2019

III.2. Characteristics of the population registered in the Catalan SIDIAP database compared with CVOTs' populations.

  

	medicines in part (for workers or employees) or for full (for retired people). The
	population included in the SIDIAP database is approximately 74% of the total regional
	one; being representative of the Catalan population.	
	In the second part of this work, the design, methods and results of an observational study
	assessing the CV effects of the more used non-insulin blood-glucose-lowering agents
	during 2010-2015 in the SIDIAP database are presented. Basal characteristics of the total
	were calculated using descriptive statistics. Data for demographic (age and sex) and
	clinical variables (HbA1c, diabetes duration, history of CV disease, history of heart and
	renal failures) are shown in Table III.1.		
	This table presents the characteristics of the full cohort (any patient treated with at least
	one non-insulin blood-glucose-lowering agent), the cohort of drug-naïve patients treated
	with a single NIAD in monotherapy, the cohort of patients treated with two or more
	NIADs. To compare these populations' characteristics with those of the cohorts included
	in CVOTs, Table 1 shows the basal characteristics of patients included in CVOTs of
	different classes of new NIADs.		
	When comparing basal characteristics of populations included in non-insulin blood-
	glucose-lowering therapies CVOTs and the general population registered in the primary
	care SIDIAP database, populations of five CVOTs have a substantially higher proportion
	of men (by 70%), in seven CVOTs the proportion of men ranges from 60.7% to 66.6%;
	in the PIONEER 6 trial (oral semaglutide) the proportion is slightly higher than the
	SIDIAP population prescribed two or more NIADs, and in the REWIND trial Nelly Raquel Herrera Comoglio Eu2P PhD	December 2019
	(dulaglutide) this proportion is lower. Except for the EXAMINE trial, the populations
	included in all CVOTs had a longer duration of diabetes mellitus. In five CVOTs all
	The Catalan Institute of Health (CIH) manages the main healthcare system of the participants had established CVD, in the other studies the proportion of participants with
	autonomous community of Catalonia, Spain, at all its levels. 76% of the Catalan established CVD were much higher than in SIDIAP populations, ranging from 31.5%
	population attends at least once the primary care teams. General practitioners (REWIND trial) to 84.6%. Participants of CVOTs had from 2-fold up to 5-fold-higher
	participating in SIDIAP (Information System for the Development of Research in history of HF (from 9.9 to 26.8% vs 5.1%). (Table III.1)
	Primary Care) record patients' clinical, laboratory, diagnostic and medical procedures,
	referrals data and prescriptions, among others. The state CIH funds the prescribed
	Nelly Raquel Herrera Comoglio	Eu2P PhD	December 2019

Table III .1. Basal characteristics of cohorts of T2DM patients registered in SIDIAP database and cohorts of CVOTs assessing non-insulin blood-glucose-lowering drugs vs placebo SIDIAP database 2010-2015 Men % Mean age, years (SD)

 III 

	LEADER	64.3%	64.3 ± 7.2	8.7 ± 1.5	12.7 ± 8.0	32.5 ± 6.3	85.1% CVD	17.12%	26.7 %
	[95]		≥60 yrs 75%				14.9 % risk		eGFR <60:
	Liraglutide						factors		21.8 %
	SUSTAIN-6	60.7%	64.6 ± 7.4	8.2±1.6	14.9 ± 8.5	32.3 ± 6.5	83%	23.6%	NA
	[96]								
	Semaglutide								
	EXSCEL [97] Exenatide LAR SIDIAP HARMONY [98] Full cohort SIDIAP Albiglutide PIONEER-6 Monotherapy [99] users SIDIAP Oral semaglutide REWIND ≥ 2 NIADs [100] users Dulaglutide TECOS [85] Sitagliptin EXAMINE	62% 55.5 % 70 % 51.1 % 58.4 % 56.2 % 53.7 % Men % 70,7% 69.7%	62.7 (56.4, 68.8 ≥65 yrs: 40.25% 66.1 (12.7) 64.1 65.7 (13.2) 66.1 (7.1) ≥75 yrs: 12.9% 66.8 (11.7) 66.2 Mean age, years (SD) 66.0±8.0 60.9 ± 10.0	HbA1C % (SD) 8.0 (7.3, 8.9) 7.9 (1.6) 8.76 (1.5) 7.6 (1.6) 8.2 (1.6) 8.3 (1.5) 7.3% (1.1) Cardiovascular Outcomes Trials (CVOTs) T2DM duration BMI (SD) History CVD % 12 (7, 18) 31.8 [28.2-73.1% 36.2] Years (SD) 5.4 (5.7) 30.8 (5.4) 21.2 % 14.1 (8.6) 32.3 ±5.9 100% 4.0 (5.3) 31 (5.4) 20.4 % 14.9 (8.5) 32.3 ± 6.5 84.6% 7.8 (5.6) 30.5 (5.3) 22.4 % 10.5 (7.3) 32.3 ±5.7 31.5% CVD 20.8% CV events HbA1C % (SD) T2DM duration BMI (SD) History CVD % 7.3±0.7 9.4 [4.9-15.3] 30.2±5.7 100% Years (SD) 8.0±1.1 7.1 median 28.7 median 100%	History HF % 16.2% 4.8 % 20% 5.1 % NR 4.3 % 8.5% History HF % 18% 27.8%	eGFR <60: Renal Failure 18.6 % % eGFR 79.1 2.6 % (mean) 2.8 % eGFR 74.2 ±21. eGFR <60 : 27 % 2.3% eGFR 75.3 [61.6-91.8] Mean eGFR Renal Failure 74.9±21.1 % Median eGFR
	EMPAREG [86-87]	72 %	63.1 (8.6)	8.1 (0.8)	≤5 yrs: 18%	30.6±5.3	99%	10.1%	26% 71.1
	OUTCOMES Alogliiptin		≥ 75 yrs: 9%		>5-10 yrs: 25				eGFR <60: <60: 28.6 %
	[105, 106] Empagliflozin SAVOR-TIMI [88] CANVAS [107] Canagliflozin Saxagliptin CARMELINA DECLARE Linagliptin [93]	66.6% 64.2 % 62.9% 63.1 %	65.1±8.5 63.3 ±8.3 65.9 ±9.10 63.9±6.8	8.0±1.4 8.2±0.9 7.95 ±1.01 8.3±1.2%	10.3[5.2-16.7] % >10 yrs 57 % 13.5±7.8 14.8 ±9.5 11.0	31.1±5.5 32.0±5.9 31.3 ±5.3 32.1±6.0	78.4% 65.6% 58.5% 40.6% CVD	12.8% 14.4 % 26.8% 9.9%	25.9% Mean 72.5±22.6 ≤ 50: 15.7% 17.21% eGFR 54.6 ±25.0 eGFR 76.5± eGFR 20.5 <60: 62.3%
	TIMI						59.4% risk		85.4±15.8
	[108, 109] Dapagliflozin BMI: body mass index; CAD: coronary artery disease; CV: cardiovascular; CVD: cardiovascular disease; eGFR: (mean) estimated glomerular filtration rate ml/min/1.73 m2; factors
	ELIXA HbA1C: glycated haemoglobin; HF: heart failure; IHD: ischemic heart disease; MA: microalbuminuria; MI: myocardial infarction; SD: standard deviation; SIDIAP: Information 69.7% 59.9 ± 9.7 7.6±1.3 9.4±8.3 30.2±5.8 100% 22.4% eGFR
	[94] Lixisenatide System for the Development of Research in Primary Care; T2DM: type 2 diabetes mellitus. ≥65 yrs 33%				76.7±21.3 <60: 49.1%
	Nelly Raquel Herrera Comoglio				Eu2P PhD				December 2019

  We extracted the value of the local REGICOR index of CV risk during the 15 months prior the index date. The most recent recorded value of the body mass index (BMI) was retrieved from records in the last 15 months prior to the index date.

IV. Protocol Rationale and Design 63 Nelly Raquel Herrera Comoglio Eu2P PhD December 2019 The prevalence of selected cardiovascular risk factors (CVRF) has been assessed in the North Catalonia. CVRF was: hypertension: 74.5%; dyslipidemia: 77.7%; smoking: 14.9%; obesity 44.9%, and familial CVD: 38.4%. Three or more CVRFs, including T2DM, were observed in 91.3%. Metabolic syndrome (MS) prevalence was 68.7%. Framingham score was 10.0%, higher in men than in women. CVD prevalence was related to: age, number of CVRFs, duration of diabetes, familial history of CVD, waist circumference, hypertension, lipid profile, kidney disease, and Framingham score, but not to MS by itself. Normal values of serum lipid and blood pressure were only observed in 18.9% and 24.0%, respectively. Platelet aggregation inhibitors were only recorded in 16.1% of the patient cohort. MS presence was not an independent risk factor

  National Code and ATC classification, description of presentation, number of units per package, daily dose, month of drug dispensing, monthly number of packages dispensed and dates of start and end of prescription.
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	Nelly Raquel Herrera Comoglio	Eu2P PhD	December 2019
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  protocol has been approved by the Clinical Investigations Ethics Review Board

	at least 365 days. Patient Informed Consent is considered not necessary due to data approved since 2008, especially for the newest agents (alogliptin,
	anonymisation. albiglutide, canagliflozin, empagliflozin, dapagliflozin). New users of
	rosiglitazone are expected to be recorded until 2010 (date of marketing
	Strength & limitations of the study suspension). These more recently marketed agents could not reach a
	Strengths number of prescriptions or follow-up periods appropriate to make valid
	comparisons with older agents	
	1. Healthcare data collected in clinical practice by physicians are representative of 8. The study period (6 years, from 2010 to 2015), which has been chosen
	routine clinical practice in large populations. All age categories and all socio-according to availability of prescription/dispensing data, could result in a
	economic areas are represented. Patients have long permanence in the database. follow-up not long enough for new diagnosed T2DM patients or patients
	2. Some information about lifestyle is lacking (smoking habit, exercise) not at high cardiovascular risk.
	3. Incident users "new-users" design reduces the risk of prevalent users' bias 9. Missing data about 25-30% of patients have been reported in other
	4. Limitations studies with SIDIAP database.	
	1. Based only in general practitioners' recorded diagnoses. Hospital data
	are not available. Risk of information bias	
	2. No data about adherence		
	3. No data about nursing homes residents.	
	4. The protocol didn't include cancer or other comorbidities data in order to
	assess frailty.		
	5. Heart failure and renal failure diagnoses are not categorized.	
	6. The outcomes are comprehensive and encompass different levels of
	from the Investigation in Clinical Care Institut Jordi Gol. Local rules of confidentiality severity.
	are respected (according to article 5, Ley Organica 15/1999, Regulación del 7. In the period of the study is a possible relatively reduced number of Results: Compared with metformin, the use of sulfonylureas, dipeptidyl peptidase-4
	Tratamiento de Datos de Carácter Personal). The Institut Jordi Gol provided a coded, patients treated with non-insulin glucose-lowering agents that have been inhibitors (DPP-4 i) and meglitinides were significantly associated with higher risk for
	Nelly Raquel Herrera Comoglio Nelly Raquel Herrera Comoglio	Eu2P PhD Eu2P PhD	December 2019 December 2019

de-identified data set of T2D patients ≥ 18 years registered in the SIDIAP database for "As treated" approach reduces the risk of exposure misclassification 5. Adequate comparator: similar disease stage. We compared first-line monotherapy vs first-line monotherapy and second-line dual therapy vs secondline dual therapy.

6. Subgroup analysis are performed.

7. The database is linked with administrative database, data about mortality are reliable.

We haven't included antipsychotic agents in concomitant medications. Patients with diabetes are at higher risk of dementia and cognitive decline, antipychotics are used in dementia. Prospective observational studies in people with diabetes showed 73% increased risk of all types of dementia, 56% increased risk of Alzheimer dementia, and 127% increased risk of vascular dementia compared with individuals without diabetes.

Conversely, patients with Alzheimer dementia are more likely to develop diabetes than people without Alzheimer dementia.

V.

Aim: To assess cardiovascular (CV) events and all-cause mortality in type 2 diabetes mellitus (T2DM) patients treated with first-line monotherapies of non-insulin antidiabetic drugs.

Methods

: Longitudinal retrospective cohort study in the Catalan database SIDIAP (Information System for the Development of Research in Primary Care). T2DM patients ≥18 years newly prescribed first-line monotherapies during 2010-2015 were followed since their first prescription until MACE (myocardium infarction MI, stroke and all-cause death), its components, heart failure (HF) and peripheral artery disease (PAD) or censoring. Cox proportional hazard models were used to estimate hazard ratios 95% confidence interval (HR [95%CI]).

MACE

(1.55 [1.42 -1.68]

); 1.49

[1.22-1.84

] and 2.01

[1.29-3.12]

) and all-cause

Introduction

The goal of the T2DM treatment is the maintenance of glycaemic control to reduce the progression to long-term microvascular and macrovascular complications. When possible, diet and lifestyle modifications are recommended before prescribing drugs.

International guidelines recommend metformin as a first-line treatment of choice in combination with lifestyle modifications. Sulfonylureas (SUs) are recommended if contraindications or intolerance exist.

[185, 186] 

Table 1 . Therapeutic classes and agents prescribed in incident first-line monotherapy for T2DM patients, SIDIAP database, 2010-2015

 1 There were differences among patients' basal characteristics in the four cohorts analysed.At baseline, patients prescribed meglitinides were the oldest cohort, mean age 74.0 (SD 12.4), the subgroup ≥ 65 years had the highest percentage (77.8%); the most prolonged diabetes duration (mean 5.2 years, SD 6.0); the lowest BMI (mean 29.8, SD 5.1) and the lowest mean total cholesterol (190, SD 41.0). Patients newly prescribed with repaglinide (the only meglitinides prescribed) had the high percentage of previous CVD (36.2%), in all its manifestations; had the highest percentage of renal failure history (14.4%) and heart failure (10.7%). Patients newly prescribed repaglinide were the group most treated with antiplatelet drugs (28.0%), diuretics (46.8%) and antidepressants (8.0%). Among the four cohorts analysed, they were among the less deprived, with 30.7% of patients living in the least deprived areas and 28% in the most deprived ones.

	Therapeutic class	n	Class %	Total %
	All classes	123, 260		100.00
	Biguanides	110,535		89.68
	metformin	110,535	100%	
	Sulfonylureas	7,739		6.54
	chlorpropamide	9	0.12	
	Glibenclamide/glyburide	2152	27.77	
	gliclazide	4219	54.45	
	glimepiride	1132	14.61	
	glipizide	133	1.72	
	gliquidone	97	1.25	
	glisentide	6	0.08	
	DPP-4 i	2,139		1.73
	alogliptin	1	0.05	
	linagliptin	473	22.11	
	saxagliptin	142	6.64	
	sitagliptin	1102	51.52	
	vildagliptin	421	19.68	
	Meglitinides	2,233		1.77
	repaglinide	2233	100	
	Thiazolidinediones	229		0.18
	pioglitazone	202	90.58	
	rosiglitazone	21	9.42	
	Alpha-glucosidase inhibitors	189		0.15
	acarbose	160	84.66	
	miglitol	29	15.34	
	Glucagon-like peptide 1 RA	164		0.13
	exenatide	91	55.49	
	liraglutide	73	44.51	
	Guar gum	49	49	0.04
	Sodium-glucose co-transporter 2 i	22		0.02

Patients newly prescribed metformin as first-line monotherapy were more likely to be men (57.0%), obese (mean BMI 31.4 kg/1.73m2, SD 5.3) and were the youngest cohort (mean age 63.7 years, SD 12.7). The metformin cohort had the shortest diabetes duration (2.5 years, SD 3.8), the highest total cholesterol levels (mean 206.2 mg/dL, SD 40.5), the lowest percentage of history of CVD (15.0%) in all its manifestations, the lowest percentage of recorded history of heart failure (1.4%) and renal failure (2.6%), had the lowest percentage of treated patients with aldosterone antagonists (1.2%), antiplatelet drugs (17.4%), beta-blockers (13..6%), calcium-channel blockers (12.6%) and, diuretics (31.1%), and the highest percentage of patients treated with NSAIDs (12.6%). Patients were more likely to live in deprived areas (34.8% in U4 and U5) than in the least deprived urban areas (26.6% in U1 and U2).

Table 2 : Characteristics of cohorts of new users of NIADs first-line monotherapy at baseline*, SIDIAP database, 2010-2015
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		n (%)	n (%)	n (%)	n (%)
		Metformin	Sulfonylureas	DPP-4 i	Repaglinide
		monotherapy	monotherapy	monotherapy	monotherapy
	Participants (%)	110535 (100.0)	7739 (100.0)	2139 (100.0)	2233 (100.0)
	Sex				
	Women	47509 (43.0)	3654 (47.2)	1011 (47.3)	1113 (49.8)
	Men	63026 (57.0)	4085 (52.8)	1128 (52.7)	1120 (50.2)
	Age, y				
	mean (SD)	63.7 (12.7)	70.1 (12.8)	70.8 (12.4)	74.0 (12.4)
	Median [IR]	64.0 [55.0 -73.0] 72.0 [61.0 -80.0] 72.0 [62.0 -80.0] 77.0 [66.0 -83.0]
	18-44	7662 (6.9)	243 (3.1)	48 (2.2)	43 (1.9)
	45-64	49623 (44.9)	2280 (29.5)	582 (27.2)	453 (20.3)
	=> 65	53250 (48.2)	5216 (67.4)	1509 (70.5)	1737 (77.8)
	Diabetes duration				
	mean (SD)	2.5 (3.8)	5.0 (5.3)	4.6 (5.1)	5.2 (6.0)
	Median [IR]	0.5 [0.0 -4.0]	4.2 [0.1 -7.7]	3.2 [0.0 -6.9]	3.8 [0.0 -8.0]
	0-4 y	88276 (79.9)	4251 (54.9)	1285 (60.1)	1246 (55.8)
	5-9 y	16657 (15.1)	2350 (30.4)	586 (27.4)	612 (27.4)
	10-14 y	4373 (4.0)	799 (10.3)	179 (8.4)	250 (11.2)
	=> 15 y	1229 (1.1)	339 (4.4)	89 (4.2)	125 (5.6)
	Haemoglobin A1c, %				
	Result not available n (%)	26477 (24.0)	2620 (33.9)	748 (35.0)	887 (39.7)
	Mean (SD)	7.5 (1.5)	7.8 (1.5)	7.4 (1.3)	7.4 (1.5)
	median [IQR]	7.1 [6.6 -8.0]	7.5 [6.7 -8.4]	7.1 [6.5 -8.0]	7.2 [6.4 -8.1]
	<8 n (%)	62603 (56.6)	3303 (42.7)	1032 (48.2)	976 (43.7)
	8 to 10 n (%)	15428 (14.0)	1394 (18.0)	296 (13.8)	291 (13.0)
	>10 n (%)	6027 (5.5)	422 (5.5)	63 (2.9)	79 (3.5)
	Body Mass Index (BMI)				
	Result not available n (%)	30891 (27.9)	2652 (34.3)	677 (31.7)	766 (34.3)

Mean (SD) 31.4 (5.3) 30.0 (5.2) 30.4 (5.5) 29.8 (5.1) median [IQR] 30.7 [27.7 -34.3] 29.3 [26.5 -32.8] 29.7 [26.6 -33.4] 29.4 [26.4 -32.7]

  

	LDL-C mean (SD) 2013	125.5 (35.2) 17182 (15.5)	114.6 (36.1) 885 (11.4)	112.1 (35.0) 316 (14.8)	111.6 (34.9) 292 (13.1)
	LDL-C median [IQR] 2014 2015 Comorbidities Exitus at 31Dec2015 Prior cardiovascular events n (%)	124.0 [101.0 -148.0] 15468 (14.0) 15169 (13.7) 16566 (15.0) 6226 (5.6)	112.0 [90.0 -137.0] 595 (7.7) 386 (5.0) 2122 (27.4) 1351 (17.5)	110.0 [88.0 -134.0 309 (14.4) 317 (14.8) 642 (30.0) 298 (13.9)	108.0 (87.0 -231 (10.3) 133.0) 171 (7.7) (36.2) 550 (24.6)
	Acute coronary syndrome				
	(ACS)	6498 (5.9)	837 (10.8)	242 (11.3)	(14.2)
	Myocardial Infarctiona				
	(MI)	3371 (3.0)	369 (4.8)	120 (5.6)	137 (6.1)
	Stroke	5287 (4.8)	596 (7.7)	178 (8.3)	(11.3)
	Peripheric artery disease				
	(PAD)	2499 (2.3)	287 (3.7)	108 (5.0)	134 (6.0)
	Renal Failure (RF)	2898 (2.6)	791 (10.2)	244 (11.4)	(14.4)
	Heart Failure (HF)	1584 (1.4)	320 (4.1)	171 (8.0)	(10.7)
	REGICOR index				
	Result not available n (%)	65371 (59.1)	5644 (72.9)	1576 (73.7)	(78.6)
	Low CV risk	16791 (15.2)	658 (8.5)	191 (8.9)	180 (8.1)
	Medium CV risk	19501 (17.6)	977 (12.6)	252 (11.8)	206 (9.2)
	High CV risk	8872 (8.0)	460 (5.9)	120 (5.6)	92 (4.1)
	Concomitant medication use			
	Cardiovascular drugs				
	ACE inhibitors/ARBs	47535 (43.0)	3249 (42.0)	1006 (47.0)	(47.4)
	Aldosterone antagonists	1359 (1.2)	304 (3.9)	116 (5.4)	115 (5.2)
	Antiplatelet drugs	19215 (17.4)	1745 (22.5)	503 (23.5)	(28.0)
	β-Blockers	14988 (13.6)	1248 (16.1)	445 (20.8)	(20.4)
	Calcium channel blockers	13926 (12.6)	1196 (15.5)	433 (20.2)	(22.5)
	Diuretics	34401 (31.1)	2636 (34.1)	862 (40.3)	(46.8)
	Statins	44809 (40.5)	2663 (34.4)	938 (43.9)	(38.3)
	Other lipid-lowering				
	drugs	6738 (6.1)	373 (4.8)	156 (7.3)	104 (4.7)
	NSAIDs	13967 (12.6)	862 (11.1)	226 (10.6)	212 (9.5)
	Antidepressants	6492 (5.9)	439 (5.7)	148 (6.9)	178 (8.0)
	MEDEA index				
	Rural	19585 (17.7)	1561 (20.2)	464 (21.7)	(20.0)
	Urban	5436 (4.9)	569 (7.4)	156 (7.3)	178 (8.0)
	< 25 U1 -Less deprived	6633 (6.0) 13379 (12.1)	743 (9.6) 1050 (13.6)	211 (9.9) 326 (15.2)	234 (10.5) (15.7)
	25.0 to 29.9 (overweight) U2	28493 (25.8) 15979 (14.5)	2116 (27.3) 996 (12.9)	556 (26.0) 311 (14.5)	566 (25.3) (15.0)
	30.0 to 39.9 (obese I-II) U3	39112 (35.4) 17657 (16.0)	2019 (26.1) 1159 (15.0)	607 (28.4) 331 (15.5)	616 (27.6) (13.3)
	=> 40 (obese III) U4	5406 (4.9) 18884 (17.1)	209 (2.7) 1163 (15.0)	88 (4.1) 304 (14.2)	51 (2.3) (14.1)
	Cholesterol U5 -Most deprived	19615 (17.7)	1241 (16.0)	247 (11.5)	(13.9)
	T-C mean (SD) Cohort entry (yr) 2010 T-C median [IQR] 2011 HDLC mean (SD) HDLC median [IQR] 2012	206.2 (40.5) 204.0 [179.0 -232.0] 23983 (21.7) 48.6 (12.4) 19977 (18.1) 47.0 [40.0 -56.0] 47.0 [40.0 -56.0] 47.0 [39.0 -56.0] 47.0 [39.0 -57.0] 194.0 (42.1) 191.8 (41.6) 190.5 (41.0) 191.5 [166.0 -219.0] 189.0 [164.0 -218.0] 188.0 [162.0 -217.0] 3185 (41.2) 583 (27.3) (32.3) 48.6 (12.9) 48.6 (13.6) 49.2 (14.3) 1598 (20.6) 293 (13.7) (20.2) 18756 (17.0) 1090 (14.1) 321 (15.0) (16.4)
	Nelly Raquel Herrera Comoglio		Eu2P PhD		December 2019

SIDIAP: Information System for the Development of Research in Primary Care

  .26-3.42). Patients on secretagogues monotherapies were significantly at higher risk of non-fatal MI: for SUs, HR 1.38 (1.03 -1.85) and for meglitinides, HR 2.03 (1.10-3.74) while for DPP-4 i there was a trend for higher risk. For non-fatal stroke, SUs monotherapy showed an excess of risk (HR 1.31[1.11 -1.54]). Secretagogues were also associated with a higher risk of a new record of diagnoses of heart failure (SUs, HR 1.49[1.28-1.72] and meglitinides HR 2.15(1.39-3.32). SUs monotherapy was also associated with a higher risk of PAD (HR 1.24 [1.02-1.51]). Among the analysed cohorts, no class

	2.08 (1		
			1.55 [1.42 -1.68]; for DPP-4 i
	HR 1.49 [1.22-1.84] and for meglitinides HR 2.01 [1.29 -3.12]), and all-cause mortality:
	V. First-line monotherapies	94	
	Nelly Raquel Herrera Comoglio	Eu2P PhD	December 2019

for SUs, HR 1.67 (1.52-1.84); for DPP-4 i, HR 1.65 (1.30-2.09) and for meglitinides HR

Table 3 . Adjusted hazard ratio (95% CI) of MACE, all-cause mortality and CV outcomes in cohorts of T2DM patients treated with NIADs as first-line monotherapy, SIDIAP healthcare database, 2010-2015
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	Outcomes	N° of events	Person-years	Crude	Adjusted HR
				Incidence Rate per 1000 p-y	(95% CI)
	Composite of MACE (AMI, stroke and all-cause mortality)		
	MET	7764	279677,66	27,76 reference
	SUs	1073	16369,99	65,55 1.55 (1.42-1.68)
	DPP-4 i	246	3519,30	69,90 1.49 (1.22-1.84)
	Repaglinide	505	4710,21	107,21 2.01 (1.29-3.12)
	All-cause mortality				
	MET	4696	285961,85	16,42 reference
	SUs	817	16899,92	48,34 1.67 (1.52-1.84)
	DPP-4 i	185	3616,43	51,16 1.65 (1.30-2.09)
	Repaglinide	425	4881,87	87,06 2.08 (1.26-3.42)
	MI				
	MET	865	293664,23	2,95 reference
	SUs	82	18677,02	4,39 1.38 (1.03-1.85)
	DPP-4 i	26	3914,00	6,64 1.68 (0.94-2.99)
	Repaglinide	31	5815,38	5,33 2.03 (1.10-3.74)
	Stroke				
	MET	2573	290015,76	8,87 reference
	SUs	251	18354,30	13,68 1.31 (1.11-1.54)
	DPP-4 i	49	3870,27	12,66 1.08 (0.70-1.65)
	Repaglinide	79	5712,07	13,83 1.63 (0.93-2.84)
	Heart failure				
	MET	2478	290560,66	8,53 reference
	SUs	329	18148,97	18,13 1

.49 (1.28-1.72)

  

	DPP-4 i	68	3839,36	17,71 1.03 (0.72 -1.48)
	Repaglinide	163	5463,92	29,83 2

.15 (1.39 -3.32) PAD

  

	MET	1797	291814,75	6,16 reference
	SUs	172	18522,28	9,29 1.24 (1.02-1.51)
	DPP-4 i	31	3901,39	7,95 1.12 (0.64 -1.97)
	Repaglinide	78	5695,23	13,70 1.26 (0.64 -2.51)
	Nelly Raquel Herrera Comoglio		Eu2P PhD	December 2019

NIADs: non-insulin blood-glucose-lowering ("antidiabetic") agents MACE: composite of major adverse cardiovascular events (MI, stroke and all-cause mortality); MI: myocardial infarction; PAD: peripheral artery disease; SIDIAP: Information System for the Development of Research in Primary Care; MET: metformin; SUs: sulfonylureas; DPP-4 i: dipeptidyl-peptidase 4 inhibitors.

Table V .4. Adjusted HR (95% CI) of subgroup analyses for MACE, mortality, MI, stroke events and HF and PAD diagnosed in T2DM patients treated with first-line sulfonylureas (SUs) compared with metformin (MET) in the SIDIAP database, 2010-2015

 V 1 st 2011 to December 31 st 2015. Results are shown in Table V.6.

		MACE	All-cause mortality	MI	Stroke	HF	PAD
	MET (total)	reference	reference	reference	reference	reference	Reference
	SUs (total)	1.55 (1.42-1.68)	1.67 (1.52-1.84)	1.38 (1.03-1.85)	1.31 (1.11-1.54)	1.49 (1.28-1.72)	1.24 (1.02-1.51)
	Use of insulins after the index date					
	Ins Yes	1.23 (0.97 -1.55)	1.35 (1.07 -1.71)	0.70 (0.22-2.20)	0.78 (0.35-1.72)	1.10 (0.67-1.82)	1.18 (0.67-2.08)
	Ins No	1.72 (1.57-1.87)	1.90 (1.71 -2.10)	1.63 (1.22-2.18)	1.45 (1.23-1.71)	1.69 (1.45-1.96)	1.40 (1.15-1.72)
	Age						
	< 75	1.45 (1.32-1.59)	1.46 (1.32 -1.62)	1.46 (0.99 -2.14)	1.30 (1.07-1.58)	1.46 (1.24-1.71)	1.12 (0.84-1.51)
	≥ 75	1.65 (1.43-1.91)	2.00 (1.66 -2.41)	1.72 (1.16-2.54)	1.36 (1.05-1.77)	1.55 (1.17-2.06)	1.50 (1.17-1.92)
	Sex						
	Male	1.70 (1.52 -1.89)	1.82 (1.61 -2.07)	1.38 (0.98-1.94)	1.42 (1.13-1.77)	1.78 (1.45-2.20)	1.34 (1.07-1.67)
	Female	1.74 (1.53 -1.97)	1.74 (1.51 -2.00)	2.13 (1.29-3.51)	1.40 (1.11-1.77)	1.48 (1.22-1.80)	1.53 (1.03-2.26)
	HbA1c						
	HbA1c < 8	1.73 (1.56-1.93)	1.91 (1.70-2.15)	1.65 (1.13-2.40)	1.42 (1.13-1.79)	1.79 (1.50-2.14)	1.37 (1.06-1.79)
	HbA1c 8-10	1.37 (1.12-1.69)	1.38 (1.10-1.75)	1.34 (0.74 -2.44)	1.31 (0.86-1.99)	1.14 (0.76 -1.70)	1.37 (0.95-1.99)
	HbA1c > 10	1.71 (1.12-2.62)	2.04 (1.25-3.32)	1.36 (0.40-4.66)	1.54 (0.70 -3.38)	1.66 (0.74-3.76)	1.36 (0.62 -3.01)
	Diabetes duration						
	0-4 y	1.92 (1.73 -2.13)	2.03 (1.80-2.30)	1.67 (1.18-2.37)	1.62 (1.32-1.97)	1.83 (1.52-2.20)	1.27 (0.99-1.64)
	5-9 y	1.32 (1.14 -1.53)	1.46 (1.24-1.73)	1.22 (0.71-2.11)	0.97 (0.71-1.31)	1.21 (0.94 -1.56)	1.67 (1.17-2.39)
	10-14 y	1.30 (1.05 -1.61)	1.21 (0.94 -1.57)	1.37 (0.63-2.95)	1.09 (0.70-1.70)	1.33 (0.89-1.99)	1.19 (0.71 -1.98)
	≥ 15 y	0.92 (0.64 -1.33)	0.95 (0.62-1.43)	1.84 (0.51-6.64)	0.66 (0.29-1.51)	1.00 (0.52 -1.90)	2.07 (0.88-4.87)
	BMI						
	< 25	1.35 (1.08-1.68)	1.34 (1.04 -1.72)	1.51 (0.72-3.17)	1.26 (0.81 -1.94)	0.97 (0.56 -1.67)	1.20 (0.67-2.15)
	25 -29.9	1.41 (1.21-1.64)	1.57 (1.32 -1.87)	1.15 (0.66 -2.00)	1.17 (0.88-1.56)	1.87 (1.44-2.43)	1.22 (0.85-1.75)
	30 -39.9	1.90 (1.63-2.21)	2.13 (1.79-2.53)	1.77 (1.07-2.95)	1.59 (1.21-2.09)	1.75 (1.39-2.19)	1.55 (1.15-2.10)
	≥ 40	1.94 (1.13-3.35)	1.74 (0.89-3.42)	2.47 (0.48-12.69)	1.87 (0.73-4.76)	1.03 (0.42-2.56)	1.46 (0.38-5.59)
	CVD history						
	Prior CVD no	1.83 (1.65-2.03)	2.06 (1.82-2.32)	1.58 (1.10 -2.27)	1.56 (1.29-1.89)	1.68 (1.37-2.05)	1.37 (1.08 -1.75)
	Prior CVD yes	1.20 (1.05 -1.37)	1.25 (1.08 -1.44)	1.39 (0.88 -2.18)	0.96 (0.72-1.29)	1.41 (1.15-1.72)	1.30 (0.95-1.79)
	HF history						
	Prior HF no	1					
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.71 (1.57 -1.87) 1.90 (1.72-2.10) 1.61 (1.20-2.15) 1.42 (1.20-1.69) 1.63 (1.40-1.91) 1.41 (1.15-1.73)

  

	Prior HF yes	0.92 (0.76-1.12)	0.95 (0.77 -1.18)	0.57 (0.22 -1.52)	1.04 (0.63-1.69)	1.37(0.95-1.97)	0.92 (0.54-1.58)
	CKD						
	CKD no	1					

.66 (1.52-1.81) 1.81 (1.64-2.00) 1.54 (1.15 -2.07) 1.41 (1.20 -1.67) 1.61 (1.38-1.88) 1.37 (1.12-1.67)

  

	CKD yes	1.13 (0.83 -1.54)	1.02 (0.73 -1.42)	1.74 (0.62 -4.91)	1.10 (0.59-2.03	1.54 (1.01-2.33)	1.40 (0.73 -2.68)
	MEDEA index						
	Rural	1.68 (1.42-2.00)	1.89 (1.56-2.30)	1.23 (0.67-2.25)	1.38 (0.98-1.95)	1.48(1.09-2.02)	0.98 (0.58-1.66)
	U1 (least deprived)	1.30 (1.02-1.66)	1.41 (1.04-1.91)	0.83 (0.36 -1.90)	1.41 (0.95 -2.09)	1.59 (1.00 -2.52)	1.31 (0.75-2.27)
	U5 (most deprived)	1.68 (1.3-2.15)	2.09 (1.55-2.80)	2.58 (1.25-5.34)	0.89 (0.53 -1.50)	1.59 (1.08-2.32)	0.94 (0.52-1.71)

SIDIAP:

Information System for the Development of Research in Primary Care; MEDEA: Mortality in small Spanish areas and economic and environmental inequalities; MACE: composite of major adverse cardiovascular events; MI: myocardial infarction; PAD: peripheral artery disease MET: metformin; SUs: sulfonylureas

Table V .5. Adjusted HRs for MACE, all-cause mortality, MI, stroke, HF and PAD in cohorts of T2DM patients treated with metformin and sulfonylureas, as monotherapy or as second-line dual therapy, SIDIAP healthcare database, 2010- 2015

 V 

	Outcomes	N° of events	Person-years	Crude	Adjusted HR
				Incidence Rate	
				per 1000 p-y	
	Composite of MACE (AMI, stroke and all-cause mortality)	
	MET	7764	279677,66	27,76 reference
	SUs	1073	16369,99	65,55 1.49 (1.37-1.62)
	MET + SUs	1053	32190,60	32,71 reference
	SU + MET	361	6340,48	56,94 1.13 (0.97-1.31)
	All-cause mortality			
	MET	4696	285961,85	16,42 reference
	SUs	817	16899,92	48,34 1.56 (1.42-1.72)
	MET + SUs	751	32771,49	22,92 Reference
	SU + MET	277	6536,35	42,38 1.13 (0.95-1.35)
	MI				
	MET	865	293664,23	2,95 Reference
	SUs	82	18677,02	4,39 1.46 (1.11-1.93)
	MET + SUs	91	32614,02	2,79 Reference
	SU + MET	28	6496,67	4,31 1.19 (0.78-1.83)
	Stroke				
	MET	2573	290015,76	8,87 Reference
	SUs	251	18354,30	13,68 1.31 (1.11-1.54)
	MET + SUs	269	32341,79	8,32 Reference
	SU + MET	87	6373,20	13,65 1.13 (0.87-1.46)
	Heart failure				
	MET	2478	290560,66	8,53 Reference
	SUs	329	18148,97	18,13 1

.46 (1.26-1.69)

  

	MET + SUs	294	32337,17	9,09 Reference
	SU + MET	88	6417,06	13,71 1.01 (0.79-1.30)
	PAD			
	MET	1797	291814,75	6,16 Reference
	SUs	172	18522,28	9,29 1.29 (1.07-1.55)
	MET + SUs	245	32381,58	7,57 Reference
	SU + MET	56	6450,40	8,68 0.98 (0.72-1.31)

MACE: composite of major adverse cardiovascular events (MI, stroke and all-cause mortality); MI: myocardial infarction; PAD: peripheral artery disease; SIDIAP: Information System for the Development of Research in Primary Care; MET: metformin; SUs: sulfonylureas; MET + SU: a sulfonylurea was added to previous metformin monotherapy; SU + MET: metformin was added to previous sulfonylurea monotherapy

Table V .6. Adjusted hazard ratio (95% CI) of MACE, all-cause mortality and CV outcomes in cohorts of T2DM patients treated with NIADs as first-line monotherapy, SIDIAP healthcare database, 2011-2015.

 V 

	Outcomes	N° of events	Person-years	Crude	Adjusted HR
				Incidence Rate	(95% CI)
				per 1000 p-y	2011-2015 period
	Composite of MACE (AMI, stroke and all-cause mortality)		
	MET	5436	212161.30	25.62 reference
	SUs	702	11506.55	61.01 1.49 (1.35 -1.66)
	DPP-4 i	198	2786.45	71.06 1.58 (1.24 -2.01)
	Repaglinide	356	3415.41	104.23 2.06 (1.32 -3.23)
	All-cause mortality				
	MET	3123	216308.05	14.44 reference
	SUs	506	11846.04	42.71 1.59 (1.41 -1.80)
	DPP-4 i	150	2862.54	52.40 1.76 (1.30 -2.38)
	Repaglinide	288	3528.49	81.62 2.20 (1.28 -3.79)
	MI				
	MET	674	220345.80	3.06 reference
	SUs	57	12750.93	4.47 1.36 (0.97 -1.91)
	DPP-4 i	20	3073.88	6.51 1.82 (0.96 -3.46)
	Repaglinide	25	4038.38	6.19 1.65 (0.89 -3.05)
	Stroke				
	MET	1929	218084.82	8.85 reference
	SUs	184	12547.63	14.66 1.33 (1.10 -1.61)
	DPP-4 i	36	3041.05	11.84 1.07 (0.67 -1.71)
	Repaglinide	62	3982.37	15.57 1.74 (0.94 -3.19)
	Heart failure				
	MET	1842	218454.12	8.43 reference
	SUs	234	12445.29	18.80 1.47 (1.24 -1.76)
	DPP-4 i	53	3030.45	17.49 1.00 (0.63 -1.58)
	Repaglinide	107	3859.18	27.73 1

.94 (1.26 -2.99) PAD

  

	MET	1396	219132.97	6.37 reference
	SUs	117	12648.87	9.25 1.22 (0.97 -1.53)
	DPP-4 i	23	3074.43	7.48 1.07 (0.54 -2.13)
	Repaglinide	57	3981.46	14.32 1.38 (0.72 -2.66)

NIADs: non-insulin blood-glucose-lowering ("antidiabetic") agents MACE: composite of major adverse cardiovascular events (MI, stroke and all-cause mortality); MI: myocardial infarction; PAD: peripheral artery disease; SIDIAP: Information System for the Development of Research in Primary Care; MET: metformin; SUs: sulfonylureas; DPP-4 i: dipeptidyl-peptidase 4 inhibitors. Covariates included estimating propensity-score are the same than the full-study period set.

  Lamanna et al. found that metformin was not associated with significant harm or benefit on cardiovascular events (MH-OR 0.94[0.82-1.07], p = 0.34); although a significant benefit was observed in trials versus placebo/no therapy (MH-OR 0.79[0.64-0.98], p = 0.031), but not in active-comparator trials (MH-OR 1.03[0.72-1.77],

Flow chart of cohorts' selection process from T2DM patients registered in the SIDIAP database from January 1st 2010 to December 31st 2015

  

	Figure VI.2 :			
		269,792 T2DM patients		
		prescribed one or more non-insulin blood glucose -lowering drug (NIAD)	
		123,260 patients newly prescribed monotherapy	
		110,535 drug-naïve patients started MET	
		monoterapy during the study period	
		28,539 patients were added a second	
		NIAD to metformin monotherapy	
	SUs	DPP-4 i	Meglitinides	Others
	n=17,541 Study population (61.46%)	n= 8,035 (28.15%),	n= 2,261 (7.92%),	GLP-1 RAs:1.35%; SGLT-2 i 0.48%; TZD:0.62%

SIDIAP (Information System for the Development of Research in Primary Care); NIAD: non-insulin blood glucose-lowering ("antidiabetic") drug MET: metformin; SUs: suphfonylureas; DPP-4 i: dipeptidyl-peptidase-4 inhibitors; GLP-1 RA: glucagon-like peptide receptor agonist, SGLT-2 i: sodium-glucose co-transporter 2 inhibitors; TZD: thiazolidinediones VI. Second-line, metformin-based, dual therapies 113 Nelly Raquel Herrera Comoglio Eu2P PhD December 2019

Table VI .1. Therapeutic classes and agents prescribed in incident second-line therapies added to basal metformin, for T2DM patients, SIDIAP database, 2010- 2015

 VI 

	(7.92%), 386 on MET+GLP-1 RA (1.35%), 138 on MET+SGLT-2 i (0.48%) and 178
	on thiazolidinediones (0.62%). Table VI.1 shows the frequency of the different agents
	within a class.			
	Therapeutic class	n	Class %	Total %
	All classes	28,539		100.00
	Sulfonylureas	17,541		61.46
	Glibenclamide/glyburide	3313	18.87	
	Glipizide	196	1.12	
	Gliquidone	34	0.19	
	Gliclazide	11803	67.24	
	Glimepiride	2207	12.57	
	Glisentide	1	0.01	
	DPP-4 i	8,035		28.15
	sitagliptin	4541	56.42	
	vildagliptin	2237	27.79	
	saxagliptin	235	2.92	
	alogliptin	3	0.04	
	linagliptin	1033	12.83	
	Meglitinides	2,261		7.81
	Guar gum	33	1.46	
	Repaglinide	2233	98.50	
	Nateglinide	1	0.04	
	Thiazolidinediones	178		0.62
	rosiglitazone	9	5.06	
	pioglitazone	169	94.94	
	Glucagon-like peptide 1 RA	164		1.35
	exenatide	106	27.25	
	liraglutide	283	72.75	
	Sodium-glucose co-transporter 2 i	138		0.48
	110,535 patients initiating treatment with metformin monotherapy 28,539 Dapagliflozin 138 100.00
	patients received intensification with other therapies: 17,541 were on MET + SUs
	(61.46%), 8,035 were on MET+ DPP-4 i (28.15%), 2,261 were on meglitinides	
	Nelly Raquel Herrera Comoglio Nelly Raquel Herrera Comoglio	Eu2P PhD Eu2P PhD	December 2019 December 2019

Table VI . 2. Basal characteristics of patients newly treated with NIADs added to previous metformin as dual, second-line therapies SIDIAP database, 2010-2015

 VI Mortality in small Spanish áreas and economic and environmental inequalities Values for HbA1c and comorbidities: ≤ 3 months before the index date. Values of REGICOR index of CV risk during the 15 months prior the index date. Values of body mass index (BMI) were the most recent ≤15 months before the index date. Concomitant use of drugs refers to any active prescription at the index date. Mean age of patients of the MET+ meglitinides cohort was 66.9 years (SD 13.3). Patients of this cohort had the highest percentage of comorbidities, and also the highest percentage of aldosterone antagonists, antiplatelet drugs, betablockers, calcium-channel blockers and diuretics.  54.7 % of patients who were prescribed GLP-1 RA were women, mean age was 51.4 years, had the shortest mean diabetes duration, the highest BMI, and the highest percentage of use of lipid-lowering drugs other than statins. The cohort of patients on MET + TZD had the highest previous use of insulin.

	> 10 Calcium channel blockers 	2309 (13.2) 2356 (13.4)	868 (10.8) 1419 (17.7)	187 (8.3) 501 (22.2)	41 (10.6) 65 (16.8)	14 (10.1) 23 (16.7)	21 (11.8) (13.5)
	BMI Diuretics	5870 (33.5)	2832 (35.2)	1018 (45.0)	155 (40.2)	52 (37.7)			(25.3)
	Missing Statins Mean (SD) Other lipid-lowering	MET + SUs 1831 (10.4) 8030 (45.8) 30.9 (5.4)	MET+DPP-4 i 891 (11.1) 4089 (50.9) 31.1 (5.4)	MET + meglitinides 297 (13.1) 1095 (48.4) 30.4 (5.4)	MET + GLP-1 RA 30 (7.8) 169 (43.8) 40.5 (6.3)	MET + SGLT-2 i 7 (5.1) 78 (56.5) 35.5 (6.3)	25 (14.0) (42.7) MET + TZD 31.2 (6.1)
	Median [IQR] drug	n (%) 30.3 [27.2 -34.0] 1431 (8.2)	n (%) 30.5 [27.4 -34.2] 908 (11.3)	n (%) 29.6 [26.7 -33.3] 137 (6.1)	n (%) 39.9 [35.8 -44.5] 45 (11.7)	n (%) 34.7 [31.4 -38.9] 13 (9.4)	n (%) 29.8 [27.2 -34.9] 15 (8.4)
	Total < 25 NSAIDs	17541 (100.0) 1747 (10.0) 1982 (11.3)	8035 (100.0) 755 (9.4) 902 (11.2)	2261 (100.0) 275 (12.2) 198 (8.8)	386 (100.0) 1 (0.3) 59 (15.3)	138 (100.0) 4 (2.9) 23 (16.7)	178 (100.0) 19 (10.7) (13.5)
	Sex 25.0 to 29.9 (overweight) Antidepressants	5767 (32.9) 1091 (6.2)	2506 (31.2) 541 (6.7)	776 (34.3) 202 (8.9)	7 (1.8) 43 (11.1)	19 (13.8) 16 (11.6)	59 (33.1) 17 (9.6)
	Women 30.0 to 39.9 (obese I-II) MEDEA deprivation index	7613 (43.4) 7224 (41.2)	3376 (42.0) 3400 (42.3)	1068 (47.2) 810 (35.8)	211 (54.7) 171 (44.3)	70 (50.7) 82 (59.4)	80 (44.9) 64 (36.0)
	Men => 40 (obese III) Rural	9928 (56.6) 972 (5.5) 2999 (17.1)	4659 (58.0) 483 (6.0) 1510 (18.8)	1193 (52.8) 103 (4.6) 466 (20.6)	175 (45.3) 177 (45.9) 54 (14.0)	68 (49.3) 26 (18.8) 23 (16.7)	98 (55.1) 11 (6.2) (16.3)
	Age Comorbidities Urban	820 (4.7)	362 (4.5)	142 (6.3)		20 (5.2)		6 (4.3)			(4.5)
	Mean (SD) Prior cardiovascular U1 (least deprived)	61.0 (12.4) 1931 (11.0)	61.4 (12.6) 1071 (13.3)	66.9 (13.3) 261 (11.5)	51.4 (10.8) 50 (13.0)	56.6 (11.2) 13 (9.4)	62.6 (12.4)	(13.5)
	Median [IQR] events U2	61 [52 -70] 2215 (12.6) 2232 (12.7)	61 [53 -70] 1196 (14.9) 1172 (14.6)	68 [57 -78] 473 (20.9) 290 (12.8)	51 [45 -59] 36 (9.3) 55 (14.2)	57 [49 -65] 12 (8.7) 15 (10.9)	64 [53 -72] 23 (12.9) (12.9)
	18-44 ACS U3	1654 (9.4) 1029 (5.9) 2807 (16.0)	731 (9.1) 585 (7.3) 1335 (16.6)	128 (5.7) 222 (9.8) 365 (16.1)	96 (24.9) 15 (3.9) 58 (15.0)	22 (15.9) 11 (8.0) 19 (13.8)		12 (6.7) 10 (5.6) (12.4)
	45-64 MI U4	9079 (51.8) 531 (3.0) 3179 (18.1)	4089 (50.9) 345 (4.3) 1323 (16.5)	807 (35.7) 116 (5.1) 344 (15.2)	246 (63.7) 14 (3.6) 67 (17.4)	79 (57.2) 4 (2.9) 29 (21.0)	84 (47.2) 4 (2.2) (16.9)
	=> 65 Stroke U5 (most deprived)	6808 (38.8) 809 (4.6) 3573 (20.4)	3215 (40.0) 444 (5.5) 1262 (15.7)	1326 (58.6) 178 (7.9) 393 (17.4)	44 (11.4) 7 (1.8) 82 (21.2)	37 (26.8) 3 (2.2) 33 (23.9)	82 (46.1) 10 (5.6) (23.6)
	T2DM duration PAD Year Cohort entry	494 (2.8)	316 (3.9)	120 (5.3)		7 (1.8)		2 (1.4)			7 (3.9)
	Mean (SD) Heart failure 2010	2.6 (3.8) 593 (3.4) 1630 (9.3)	2.5 (3.9) 366 (4.6) 419 (5.2)	3.2 (4.3) 200 (8.8) 138 (6.1)	1.8 (3.4)	11 (2.8) 16 (4.1)	1.7 (2.8)	4 (2.9) 0 (0.)	3.4 (4.6)		3 (1.7) (24.2)
	Median [IQR] Renal failure 2011	0.8 [0.0 -4.4] 324 (1.8) 2644 (15.1)	0.4 [0.0 -4.0] 345 (4.3) 793 (9.9)	1.1 [0.0 -5.3] 229 (10.1) 359 (15.9)	0.0 [0.0 -2.3] 5 (1.3) 30 (7.8)	0.1 ([0.0 -2.3] 3 (2.2) 0 (0)	1.4 [0.0 -5.6] 8 (4.5) (21.3)
	0-4 y REGICOR CV index 2012	13706 (78.1) 3127 (17.8)	6436 (80.1) 1169 (14.5)	1658 (73.3) 331 (14.6)	334 (86.5) 52 (13.5)	119 (86.2) 0 (0)	126 (70.8) (10.7)
	5-9 y Missing 2013	2935 (16.7) 8125 (46.3) 3166 (18.0)	1230 (15.3) 4083 (50.8) 1408 (17.5)	431 (19.1) 1378 (60.9) 451 (19.9)	41 (10.6) 181 (46.9) 77 (19.9)	18 (13.0) 60 (43.5) 2 (1.4)	37 (20.8) 93 (52.2) (11.8)
	10-14 y Low CV risk 2014	697 (4.0) 3232 (18.4) 3389 (19.3)	283 (3.5) 1364 (17.0) 1808 (22.5)	128 (5.7) 286 (12.6) 493 (21.8)	7 (1.8) 89 (23.1) 98 (25.4)	. (.) 25 (18.1) 56 (40.6)	9 (5.1) 30 (16.9) (12.4)
	=> 15 y Medium CV risk 2015	203 (1.2) 4185 (23.9) 3585 (20.4)	86 (1.1) 1731 (21.5) 2438 (30.3)	44 (1.9) 415 (18.4) 489 (21.6)	4 (1.0) 98 (25.4) 113 (29.3)	1 (0.7) 41 (29.7) 80 (58.0)	6 (3.4) 40 (22.5) (19.7)
	High CV risk Vital Status at HBA1c Missing Concomitant medications 31Dec2015 n (%)	1999 (11.4) 1626 (9.3) 883 (5.0)	857 (10.7) 1131 (14.1) 358 (4.5)	182 (8.0) 340 (15.0) 250 (11.1)	18 (4.7) 77 (19.9) 3 (0.8)	12 (8.7) 21 (15.2) 3 (2.2)	15 (8.4) 31 (17.4) (5.1)
	Mean (SD) Insulin use	8.4 (1.6) 155 (0.9)	8.2 (1.6) 261 (3.2)	7.8 (1.6) 127 (5.6)	8.1 (1.7)	23 (6.0)	8.1 (1.7)	5 (3.6)	8.0 (1.8)	11 (6.2)
	Median [IQR] ACE inhibitors	8.0 [7.2 -9.1] 8383 (47.8)	7.8 [7.1 -8.9] 4107 (51.1)	7.4 [6.7 -8.5} 1252 (55.4)	7.8 [6.9 -9.0] 232 (60.1)	7.7 [6.8 -8.8] 78 (56.5)	7.6 [6.8 -9.0] 83 (46.6)
	< 8 Aldosterone antagonists	7620 (43.4) 225 (1.3)	3692 (45.9) 174 (2.2)	1220 (54.0) 84 (3.7)	168 (43.5) 11 (2.8)	71 (51.4) 4 (2.9)	86 (48.3) 2 (1.1)
	8 to 10 Antiplatelet drugs	5986 (34.1) 3362 (19.2)	2344 (29.2) 1831 (22.8)	514 (22.7) 613 (27.1)	100 (25.9) 64 (16.6)	32 (23.2) 27 (19.6)	40 (22.5) 41 (23.0)
	Beta-Blockers	2628 (15.0)	1446 (18.0)	492 (21.8)	70 (18.1)	29 (21.0)	27 (15.2)
	Nelly Raquel Herrera Comoglio Nelly Raquel Herrera Comoglio Nelly Raquel Herrera Comoglio		Eu2P PhD Eu2P PhD Eu2P PhD						December 2019 December 2019 December 2019
	SD 12.4 and 61.4, SD 12.4 years). The MET + SUs cohort had the highest mean				
	level of HbA1c (8.4, SD 1.6)								
	 The MET+ DPP-4 i cohort had the highest percentage of men and the highest				
	use of statins.								
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Table VI.2

 The MET + SUs and the MET+DPP-4 i cohorts were similar in mean age (61.0, NIAD: non-insulin blood glucose-lowering ("antidiabetic") drugs; SIDIAP: Information System for the Development of Research in Primary Care. MET: metformin; SUs: sulfonylureas; DPP-4 i: dipeptidyl-peptidase 4 inhibitors; GLP-1 RAs: glucagon-like peptide 1 receptor agonists; SGLT-2 i: sodium-glucose co-transporters 2 inhibitors; TZD: thiazolidinediones MEDEA: The shortest mean follow-up was 0.75 years (SD 0.56) for the cohort of MET+SGLT-2 and the longer one of 2,2 years (SD 1.54) for MET + SUs. Mean follow-was 1.62 years (SD 1.38) for MET + DPP-4 i; 1.91 years (SD 1.44) for MET + meglitinides; 1.86 years (SD 1.66) for MET + TZD and 1.73 years (SD 1.31) for MET + GLP-1 RA.

Table VI .3. Adjusted HRs of first event of MACE, all-cause mortality, CV events and HF and PAD diagnoses and all-cause mortality in cohorts of T2DM patients treated with NIADs added to metformin as a dual second-line therapy, SIDIAP healthcare database, 2010-2015

 VI 

	PAD					
	MET + SU		307		55763.33	5.51 reference
	MET + DPP-4 i		104		12855.39	8.09 0.95 (0.76-1.20)
	MET + meglitinides		51		4256.88	11.98 1.35 (0.94-1.94)
	MET + GLP-1 RA		1		666.48	1.50
	Outcomes MET + SGLT-2 i	N° of events	0	Person-years 104.13	Crude Incidence 0.00	Adjusted HR
	MET + TZD		2		330.79	Rate per 1000 p/y 6.05
	Composite of MACE (AMI, stroke and all-cause mortality)	
	MET + SU MET + DPP-4 i HR: hazard ratio; (95% CI): 95% confidence interval MACE: composite of major adverse 1120 55269.56 20.26 reference 432 12754.07 33.87 1.10 (0.98-1.23) cardiovascular events (MI, stroke and all-cause mortality); MI: myocardial infarction; PAD: peripheral
	MET + meglitinides artery disease; SIDIAP: Information System for the Development of Research in Primary Care; MET: 267 4240.40 62.97 1.19 (1.01-1.42)
	MET + GLP-1 RA metformin; SUs: sulfonylureas; DPP-4 i: dipeptidyl-peptidase 4 inhibitors; GLP-1 RA: glucagon-like 6 662.51 9.06
	MET + SGLT-2 i peptide 1 receptor agonists; SGLT-2 i: sodium glucose co-transport 2 inhibitors; TZD: 2 104.13 19.21 MET + TZD 7 327.12 21.40 thiazolidinediones
	All-cause mortality					
	MET + SU		751		56470.74	13.30 reference
	MET + DPP-4 i		283		12984.49	21.80 1.08 (0.94-1.25)
	MET + meglitinides		218		4313.03	50.54 1.38 (1.14-1.67)
	MET + GLP-1 RA		3		666.72	4.50
	MET + SGLT-2 i		2		104.13	19.21
	MET + TZD		4		331.33	12.07
	MI					
	MET + SU		113		56168.71	2.01 reference
	MET + DPP-4 i		49		12906.75	3.80 1.23 (0.87-1.75)
	MET + meglitinides		9		4304.33	2.09 0.70 (0.30-1.61)
	MET + GLP-1 RA		0		666.72	0.00
	MET + SGLT-2 i		0		104.13	0.00
	MET + TZD		3		327.12	9.17
	Stroke					
	MET + SU		315		55544.50	5.67 reference
	MET + DPP-4 i		117		12829.00	9.12 1.03 (0.83-1.29)
	MET + meglitinides		49		4249.10	11.53 0.86 (0.60-1.24)
	MET + GLP-1 RA		3		662.51	4.53
	MET + SGLT-2 i		0		104.13	0.00
	MET + TZD		0		331.33	0.00
	Heart failure					
	MET + SU		347		55565.41	6.24 reference
	MET + DPP-4 i		122		12856.76	9.49 0.91 (0.74-1.13)
	MET + meglitinides		100		4182.76	23.91 1.25 (0.96-1.64)
	MET + GLP-1 RA		5		660.51	7.57
	MET + SGLT-2 i		1		103.25	9.69
	MET + TZD		3		326.20	9.20
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Table VI

 VI 

.

3 

shows the number of events in each cohort, the person-years period, the crude incidence rate/1000 p/y and the adjusted hazard ratios (95% CI)

We also stratified the cohorts of MET+SUs, MET+DPP-4 i; MET + meglitinides newly prescribed second-line dual patients by the use of insulin during the follow-up, and by age, sex, HbA1c, diabetes duration, body mass index (BMI), history of CVD, history of HF, history of renal failure (RF) and MEDEA deprivation index Among patients on MET+DPP-4 i, compared with MET + SU dual therapy:

Table VI .

 VI 4. Results of subgroup analysis for MACE are shown in the Figure VI.4 a.
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Table VI .4. Adjusted HRs Subgroup analyses for MACE, mortality, CV events and HF and PAD diagnoses in T2DM patients treated with dual second-line therapy of MET+ DPPP-4 i vs. MET+SUs in the SIDIAP database, 2010-2015

 VI 

		MACE	All-cause mortality	MI	Stroke	HF	PAD
	MET+SU (total)	reference	reference	reference	reference	reference	reference
	MET+DPP-4I(total) 1.10 (0.98 -1.23)	1.08 (0.94 -1.25)	1.23 (0.87 -1.75)	1.03 (0.83 -1.29)	0.91 (0.74 -1.13)	0.95 (0.76 -1.20)
	Use of insulins after the index date					
	Ins Yes	0.96 (0.69 -1.34)	0.94 (0.65 -1.36)	2.40 (0.55 -10.35)	1.00 (0.45 -2.21)	1.47 (0.78 -2.79)	1.02 (0.45 -2.30)
	Ins No	1.12 (0.99 -1.26)	1.11 (0.96 -1.30)	1.19 (0.83 -1.70)	1.04 (0.83 -1.30)	0.87 (0.78 -2.79)	0.95 (0.75 -1.20)
	Age						
	< 75	1.09 (0.93 -1.28)	1.05 (0.85 -1.10)	1.31 (0.89 -1.93)	1.03 (0.78 -1.35)	0.95 (0.70 -1.29)	0.89 (0.68 -1.17)
	≥ 75	1.17 (0.98 -1.38)	1.18 (0.97 -1.43)	1.00 (0.46 -2.17)	1.10 (0.76 -1.57)	0.92 (0.69 -1.25)	1.19 (0.76 -1.86)
	Sex						
	Male	0.94 (0.78 -1.14)	0.94 (0.75 -1.18)	1.53 (0.77 -3.04)	0.80 (0.57 -1.13)	0.80 (0.58 -1.11)	0.79 (0.47 -1.33)
	Female	1.21 (1.04 -1.39)	1.19 (1.00 -1.43)	1.15 (0.77 -1.72)	1.24 (0.94 -1.65)	1.02 (0.77 -1.35)	1.00 (0.77 -1.33)
	HbA1c						
	HbA1c < 8	1.02 (0.87 -1.20)	1.01 (0.83 -1.23)	1.19 (0.72 -1.96)	0.96 (0.70 -1.31)	0.89 (0.67 -1.19)	0.96 (0.68 -1.36)
	HbA1c 8-10	1.23 (0.99 -1.53)	1.18 (0.91 -1.55)	1.40 (0.76 -2.58)	1.24 (0.83 -1.83)	1.04 (0.71 -1.54)	1.01 (0.67 -1.51)
	HbA1c > 10	1.07 (0.75 -1.54)	1.16 (0.73 -1.83)	1.00 (0.37 -2.72)	0.84 (0.38 -1.83)	0.62 (0.28 -1.39)	0.84 (0.47 -1.51)
	Diabetes duration						
	0-4 y	1.09 (0.95 -1.25)	1.02 (0.86 -1.22)	1.39 (0.94 -2.05)	1.08 (0.84 -1.39)	0.91 (0.70 -1.17)	0.92 (0.70 -1.21)
	5-9 y	1.12 (0.88 -1.43)	1.23 (0.93 -1.65)	1.02 (0.46 -2.26)	0.99 (0.61 -1.61)	1.02 (0.66 -1.58)	0.85 (0.52 -1.36)
	10-14 y	1.35 (0.85 -2.13)	1.47 (0.87 -2.48)	-	1.09 (0.46 -2.57)	0.92 (0.35 -2.42)	1.67 (0.58 -4.80)
	≥ 15 y	0.58 (0.27 -1.21)	0.62 (0.27 -1.46)	0.55 (0.05 -5.66)	0.25 (0.03 -1.99)	0.32 (0.07 -1.50)	4.96 (0.88 -28.06)
	BMI						
	< 25	0.94 (0.70 -1.26)	0.86 (0.61 -1.22)	0.61 (0.15 -2.53)	1.05 (0.58 -1.89)	0.73 (0.34 -1.60)	1.27 (0.75 -2.13)
	25 -29.9	1.24 (1.03 -1.49)	1.23 (0.98 -1.55)	1.56 (0.93 -2.61)	1.14 (0.80 -1.64)	0.92 (0.63 -1.35)	1.29 (0.91 -1.82)
	30 -39.9	1.07 (0.88 -1.29)	1.13 (0.88 -1.44)	1.18 (0.67 -2.08)	0.90 (0.64 -1.28)	1.02 (0.75 -1.39)	0.58 (0.37 -0.92)
	≥ 40	0.98 (0.54 -1.76)	0.90 (0.44 -1.87)	0.62 (0.06 -6.21)	1.53 (0.52 -4.50)	0.49 (0.19 -1.23)	0.59 (0.12 -2.86)
	CVD history						
	Prior CVD no	1.07 (0.93 -1.23)	1.05 (0.88 -1.26)	1.00 (0.66 -1.52)	1.09 (0.85 -1.40)	0.84 (0.65 -1.09)	0.88 (0.67 -1.15)
	Prior CVD yes	1.22 (0.99 -1.49)	1.20 (0.95 -1.52)	2.38 (1.24 -4.57)	0.91 (0.59 -1.42)	1.15 (0.80 -1.65)	1.26 (0.82 -1.94)
	HF history						
	Prior HF no	1.05 (0.92 -1.19)	1.03 (0.88 -1.21)	1.13 (0.78 -1.65)	1.00 (0.79 -1.25)	0.82 (0.65 -1.04)	0.90 (0.71 -1.14)
	Prior HF yes	1.59 (1.18 -2.14)	1.51 (1.08 -2.12)	2.66 (0.96 -7.35)	1.60 (0.79 -3.21)	1.82 (1.07 -3.10)	2.69 (1.06 -6.81)
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Table VI .4. Adjusted HRs Subgroup analyses for MACE, mortality, CV events and HF and PAD diagnoses in T2DM patients treated with dual second-line therapy of MET+ DPPP-4 i vs. MET+SUs in the SIDIAP database, 2010-2015 (cont.)

 VI 

		MACE	All-cause mortality	MI	Stroke	HF	PAD
	Renal failure history						
	Prior RF no	1.11 (0.98 -1.25)	1.07 (0.92 -1.24)	1.25 (0.88 -1.77)	1.09 (0.88 -1.36)	0.91 (0.73 -1.13)	0.97 (0.76 -1.22)
	Prior RF yes	1.01 (0.63 -1.61)	1.66 (0.98 -2.80)	0.60 (0.05 -6.60)	0.24 (0.07 -0.85)	1.18 (0.59 -2.36)	0.79 (0.31 -2.04)
	MEDEA index						
	Rural	0.89 (0.69 -1.16)	0.78 (0.56 -1.07)	0.95 (0.45 -2.01)	1.21 (0.75 -1.97)	0.95 (0.61 -1.49)	0.88 (0.49 -1.58)
	U1 (least deprived)	1.18 (0.85 -1.65)	2.01 (1.35 -3.01)	0.14 (0.02 -1.08)	0.64 (0.33 -1.24)	0.66 (0.35 -1.26)	0.63 (0.31 -1.26)
	U5 (most deprived)	1.10 (0.79 -1.53)	0.99 (0.64 -1.54)	1.02 (0.38 -2.72)	1.18 (0.69 -2.04)	1.68 (0.98 -2.87)	1.15 (0.67 -1.97)

Table VI .5. Adjusted HR of subgroup analyses for MACE, mortality, MI, stroke events and HF and PAD diagnosed in T2DM patients treated with dual second-line therapy of meglitinides added to metformin, SIDIAP database, 2010-2015

 VI 

		MACE	All-cause mortality	MI	Stroke	HF	PAD
	MET+SU (total)	reference	reference	reference	reference	reference	reference
	MET+meglitinides	1.19 (1.01 -1.42)	1.38 (1.14 -1.67)	0.70 (0.30 -1.61)	0.86 (0.60 -1.24)	1.25 (0.96 -1.64)	1.35 (0.94 -1.94)
	(total)						

Use of insulins after the index date Ins Yes 1.74 (1.16 -2.62) 1.80 (1.16 -2.77)

  

				-	1.54 (0.55 -4.31)	1.63 (0.80 -3.35)	1.46 (0.49 -4.38)
	Ins No	1.10 (0.91 -1.33)	1.28 (1.04 -1.58)	0.73 (0.31 -1.68)	0.80 (0.54 -1.18)	1.22 (0.91 -1.62)	1.34 (0.91 -1.96)
	Age						
	< 75	1.24 (0.96 -1.62)	1.46 (1.06 -2.02)	0.88 (0.36 -2.17)	0.96 (0.59 -1.57)	1.11 (0.71 -1.74)	1.36 (0.87 -2.12)
	≥ 75	1.07 (0.87 -1.32)	1.24 (0.99 -1.55)	0.19 (0.04 -0.91)	0.68 (0.40 -1.15)	1.28 (0.92 -1.79)	1.29 (0.74 -2.26)
	Sex						
	Male	0.95 (0.73 -1.24)	1.17 (0.87 -1.58)	-	0.45 (0.25 -0.81)	1.37 (0.94 -1.99)	1.20 (0.59 -2.46)
	Female	1.38 (1.11 -1.71)	1.55 (1.21 -1.98)	0.89 (0.38 -2.07)	1.24 (0.79 -1.97)	1.14 (0.78 -1.65)	1.39 (0.91 -2.11)
	HbA1c						
	HbA1c < 8	1.21 (0.98 -1.50)	1.39 (1.10 -1.75)	0.91 (0.34 -2.44)	0.78 (0.50 -1.24)	1.55 (1.12 -2.16)	1.32 (0.81 -2.15)
	HbA1c 8-10	1.16 (0.79 -1.70)	1.27 (0.84 -1.93)	0.40 (0.03 -5.55)	1.13 (0.57 -2.24)	0.98 (0.54 -1.77)	1.70 (0.93 -3.11)
	HbA1c > 10	1.18 (0.59 -2.34)	1.57 (0.76 -3.23)	-	0.57 (0.12 -2.77)	0.53 (0.12 -2.44)	0.83 (0.26 -2.62)
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Table VI .5. Adjusted HR of subgroup analyses for MACE, mortality, MI, stroke events and HF and PAD diagnosed in T2DM patients treated with dual second-line therapy of meglitinides added to metformin, SIDIAP database, 2010-2015 (cont.)

 VI Information System for the Development of Research in Primary Care; MEDEA: Mortality in small Spanish áreas and economic and environmental inequalities

		MACE	All-cause mortality	MI	Stroke	HF	PAD
	Diabetes duration						
	0-4 y	1.20 (0.97 -1.48)	1.44 (1.13 -1.83)	0.63 (0.23 -1.71)	0.73 (0.44 -1.18)	1.09 (0.77 -1.54)	1.56 (1.03 -2.37)
	5-9 y	1.05 (0.73 -1.51)	1.15 (0.78 -1.70)	1.01 (0.25 -4.06)	0.93 (0.45 -1.89)	1.58 (0.94 -2.66)	0.55 (0.21 -1.44)
	10-14 y	1.80 (1.05 -3.08)	1.55 (0.83 -2.90)	-	2.20 (0.84 -5.72)	2.05 (0.89 -4.70)	2.28 (0.76 -6.85)
	≥ 15 y	0.86 (0.42 -1.76)	1.14 (0.54 -2.39)	-	0.13 (0.02 -1.08)	0.41 (0.07 -2.49)	8.86 (0.95 -82.44)
	BMI						
	< 25	1.04 (0.69 -1.55)	1.17 (0.77 -1.77)	-	0.89 (0.36 -2.17)	1.36 (0.60 -3.07)	1.38 (0.55 -3.43)
	25 -29.9	1.39 (1.06 -1.82)	1.60 (1.18 -2.17)	1.14 (0.37 -3.46)	0.84 (0.46 -1.56)	1.37 (0.87 -2.15)	1.13 (0.60 -2.14)
	30 -39.9	1.08 (0.80 -1.45)	1.29 (0.92 -1.79)	0.36 (0.08 -1.63)	0.89 (0.49 -1.63)	1.11 (0.72 -1.71)	1.42 (0.79 -2.56)
	≥ 40	1.06 (0.39 -2.88)	1.19 (0.40 -3.53)	2.27 (0.23 -22.24)	-	1.42 (0.52 -3.89)	2.69 (0.37 -19.53)
	CVD history						
	Prior CVD no	1.18 (0.95 -1.46)	1.36 (1.06 -1.74)	0.80 (0.32 -1.97)	0.87 (0.56 -1.34)	1.35 (0.98 -1.86)	1.37 (0.90 -2.09)
	Prior CVD yes	1.32 (1.01 -1.73)	1.53 (1.15 -2.06)	0.28 (0.06 -1.42)	0.91 (0.47 -1.77)	1.12 (0.70 -1.79)	1.38 (0.70 -2.73)
	HF history						
	Prior HF no	1.19 (0.99 -1.44)	1.37 (1.11 -1.69)	0.73 (0.30 -1.75)	0.94 (0.65 -1.35)	1.20 (0.90 -1.61)	1.26 (0.86 -1.86)
	Prior HF yes	1.35 (0.92 -1.97)	1.69 (1.13 -2.52)	0.43 (0.05 -4.10)	0.07 (0.01 -0.54)	1.94 (1.03 -3.63)	4.32 (1.57 -11.86)
	Renal failure history						
	Prior RF no	1.21 (1.01 -1.44)	1.39 (1.14 -1.69)	0.7 (0.3 -1.64)	0.88 (0.6 -1.29)	1.24 (0.94 -1.66)	1.39 (0.96 -2.02)
	Prior RF yes	0.94 (0.56 -1.58)	1.19 (0.64 -2.22)	0.74 (0.07 -8.21)	0.64 (0.23 -1.78)	1.33 (0.68 -2.63)	0.61 (0.21 -1.8)
	MEDEA index						
	Rural	0.94 (0.65 -1.36)	1.03 (0.68 -1.55)	0.11 (0.01 -0.82)	1.17 (0.56 -2.42)	0.89 (0.50 -1.60)	2.00 (0.91 -4.42)
	U1 (least deprived)	1.63 (0.98 -2.70)	2.09 (1.15 -3.79)	1.66 (0.40 -6.82)	1.08 (0.42 -2.79)	2.05 (1.02 -4.11)	0.70 (0.23 -2.10)
	U5 (most deprived)	0.94 (0.56 -1.60)	0.95 (0.50 -1.80)	1.76 (0.50 -6.21)	0.43 (0.13 -1.46)	1.53 (0.74 -3.17)	1.58 (0.67 -3.72)

MET+SUs is reference. HR: hazard ratio; (95% CI): 95% confidence interval; Significant results in bold. MACE: composite of major adverse cardiovascular events (MI, stroke and all-cause mortality); MI: myocardial infarction; PAD: peripheral artery disease; HF: heart failure; RF: renal failure; MET: metformin; SUs: sulfonylureas; DPP-4 i: dipeptidyl-peptidase 4 inhibitors; GLP-1 RA: glucagon-like peptide 1 receptor agonists; SGLT-2 i: sodium-glucose co-transporter 2 inhibitors; TZD: thiazolidinediones. SIDIAP:

Table VI .6 Observational evidence of cardiovascular outcomes with second-line DDP-4 i vs sulfonylureas added to metformin Metformin + DPP-4 i vs metformin + SUs as reference

 VI 

		MACE Death	CV	CVD	MI	Stroke HF	IHD	PAD
				death			
	Yu	0.62;	0.53 (0.29 -			0.74 (0.38 -
	[230]	(0.40 -0.98)	0.97)			1	

Table VI .7 Observational evidence of cardiovascular outcomes with second-line meglitinides vs sulfonylureas added to metformin Metformin + meglitinides vs Metformin + SUs as reference

 VI TableVI.7 shows a summary of the current observational evidence concerning the effect of meglitinides added to metformin compared with metformin plus SUs.

	MET + meglitinides compared with MET + SUs			
	 Using nationwide administrative Danish registries, Mogensen et al. found
		that users of MET+ repaglinide (n= 2,118) showed no differences in
		mortality compared with the use of MET + glimepiride as reference
		(n=40,026). For mortality were 0.81(0.62-1.05), CV mortality Hr 0.81 (0.56-
		1.19) and for 3-points MACE 0.87 (0.68-1.10) [237]		
	 Ekström et al. compared MET+ meglitinides (n= 2,254) with MET + SUs
		(n= 8,801) as reference. The study didn't find statistical differences for any
		outcome: mortality (HR 0.90 [0.75, 1.08]), stroke (HR 0.96 [0.70, 1.33]),
		heart failure (HR 1.00 [0.81, 1.24)]), fatal CVD (0.81 [0.56-1.15]), CVD
		(1.08 [0.95-1.23]), fatal coronary heart disease (0.76 [0.54 -1.06]) or CHD
		(1.08 [0.93-1.24]). [234]				
							)	
	Kannan		1.03 (0.81-		1.06	1.28	1.104	1.35	1.65
	[233]		1.31)		(0.99-	(1.08-	(1.04-	(1.16-	(1.16-
					1.13)	1.52)	1.17)	1.57)	2.36)
	Ekström		0.79 (0.60-	0.70	0.70	0.82	0.54	0.66
	[234] Mogensen 0.87 (0.68-1.10)	1.04) 0.81 (0.62-1.05)	(0.34 -0.81 (0.56-0.68) 0.40 1.19)	(0.58-0.84)	(0.53-1.25)	(0.38-0.76)	(0.54-0.80)
	Ekström O'Brien [235]	0.74 (0.57-0.81)	0.90 (0.70-1.33)	(0.22-0.81 0.73) (0.56 -1.15)	1.08 (0.95-1.23)	0.96 (0.70-1.33)	1.00 (0.81-0.68 1.24) (0.57-0.81)	1.08 (0.93 -1.24)
		0.68	0.63 (0.55 -			0.64		
	Ou	(0.55 -	0.72)			(0.51 -		
		0.83)				0.81)		
	[236]							
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  Ekström et al. included cancer and smoking among basal covariates and Mogensen et al. the Charlson score, which is more comprehensive and includes cancer, AIDS and other comorbidities. In our study, patients on MET+ meglitinides were significantly older and sicker than those from different cohorts. Due to better pharmacodynamic and pharmacokinetic characteristics of meglitinides compared with SUs, general practitioners could have preferred meglitinides

Results of retrospective observational studies conducted in LHDs assessing cardiovascular outcomes and mortality in DPP- 4 i users

  

	with OADs vs SUs OADs Appendix A: Study drugs Nested case-[20] Filion K DPP-4 i vs	MACE	All-cause mortality	MI	Stroke	HF 0.87 (0.63-1.21)	PAD
	[1] Scheller control	Sitagliptin vs	1.22 (0.92-1.61)	1.25 (0.92-1.71)		
		metformin					
	[2] Wang KL	Sitagliptin vs no		0.87 (0.74-1.03)			1.21 (1.03-1.42)
		use					
	[3] Chen DY	Sitagliptin vs no	1.32 (0.97-1.79)	0.90 (0.67-1.23)	1.62 (1.05-2.52)	
		use				1.73 (1.15-2.58)	
	[4] Wang SH	Sitagliptin vs no	0.97 (0.73-1.29)	0.65 (0.39-1.10) a	1.07 (0.72-1.59)	1.30 (0.75-2.26)
	Post-MI	use					
	[5] Chen DY	Sitagliptin vs no		1.00 (0.82-1.22)		0.95 (0.78-1.16)
	Post-stroke	use					1.07 (0.55-2.11)
							b
	[6] Shih CJ	DPP-4 i vs no	0.79 (0.75-0,83)	0.54 (0.52-0.56)	0.79 (0.72-0.87)	0.79 (0.75-0.84)
		users					
	[7] Ou HT	DPP-4 i vs no			0.83 (0.76-0.91) c	
		users					
	[8] Shin S	Sitagliptin vs	0.831 (0.536-	1.863 (0.376-9.230) a 0.657 (0.237-	0.783 (0.470-	0.762 (0.389-
		metformin		1.289)		1.826)	1.306)	1.495)
						HUA 1.165	
						(0.791-1.715)	
	[9] Fu AZ	DPP-4 i vs SUs					Prior CVD: 0.95
								(0.78-1.15)
								No prior CVD:
								0.59 (0.38-0.89)
			Results: Sixteen studies included 285,436 T2DM patients exposed to GLP-1 RAs
			(exenatide bid, liraglutide, lixisenatide, long-acting exenatide), n ranged from 219 to
			160,803 patients. Comparators included: no exposure, other antidiabetic medica-
			tions (OADs), combined OADs, canagliflozin or multiple comparators. Ten studies
			estimated all-cause mortality, hazard ratios (HRs) ranged from 0.17 (95% CI 0.02-
	Raquel Herrera Comoglio Nelly Raquel Herrera Comoglio	Eu2P PhD Eu2P PhD 1.22) to 1.29 (95% CI 0.54-3.13). Thirteen studies assessed cardiovascular events	December 2019 December 2019
			and/or MACE; HRs ranged from 0.27 (95% CI 0.14-0.53) to 1.11 (95% CI 0.99-1.24).
			Eight studies assessed HHF, HRs ranged from 0.12 (95% CI 0.02-0.66) to 1.64 (95%
			CI 1.28-2.13). Excluding two studies because of temporal bias, we obtained pooled
			estimates for all-cause mortality: HR 0.63 (0.44-0.89), CV outcomes HR 0.84 (0.75-
			0.94) and HHF; HR 0.94 (0.78-1.14), (high between-study variability: I 2 = 83.35%;
			I 2 = 70.3%; and I 2 = 90.1%, respectively).		

a Cardiovascular mortality; b Haemorragic stroke; c Cardiovascular disease LHDs: longitudinal healthcare databases; IRR: incident rate ratio DPP-4 i: dipeptidyl-peptidase inhibitors MET: metformin; SUs: sulfonylureas; ACS: acute coronary syndrome CHD: coronary heart disease; CHF: congestive heart failure; CVD: cardiovascular disease; IHD: ischemic heart disease; IS: ischemic stroke; MI: myocardial infarction Methods: We systematically searched studies meeting inclusion criteria, compared design, methods and population characteristics, assessed risk for bias and did a metaanalysis (MA) using a random-effects model to calculate overall hazard ratios (HRs) and 95% CI (confidence intervals). Conclusion: Pooled results of EHDs' studies assessing GLP-1 RAs effects favoured GLP-1 RAs for all-cause mortality and MACE while were neutral for HHF. Results should be interpreted cautiously because of studies' substantial heterogeneity and limitations of observational research.

  the composite of death from cardiovascular causes or hospital admission for heart failure. The table shows results of the subgroup analysis for HHF. *Significant results are highlighted in bold.RAs, and to descriptively and quantitatively summarise their results. This systematic review has been registered in PROSPERO (CRD42019122102). To the best to our knowledge, no systematic review (SR) has been performed exclusively for observational cohort studies assessing the effect of GLP-1 RAs on CV outcomes, allcause mortality and HF. This article has been reported according to the MOOSE Guidelines for Meta-Analyses and Systematic Reviews

	6,068 (1:1) 2.1 y 69.7%; ≥65 y 33% 100% 22.4% 1.02 (0.89-1.17) 0.94 (0.78 to 1.13) 0.98 (0.78-1.22) 1.03 (0.87-1.22) 1.12 (0.79-1.58) 0.96 (0.75 -1.23) We used Medline, Scopus and Web of Science to identify abstracts LEADER Liraglutide 16 9,340 (1:1) 3.8 y 64.3%; ≥60 y 75% 100% 17.12% 0.87 * (0.78-0.97) 0.85 * (0.74 to 0.97) 0.78 * (0.66-0.93) 0.86 (0.73-1.00 0.86 (0.71-1.06) 0.87 (0.73-1.05) SUSTAIN-6 Semaglutide 17 3,297 (1:1) 2.1 y 60.7%; mean age 64.6 ± 7.4 83% IHD 23.6% 0.74 * (0.58-0.95) 1.05 (0.74-1.50) 0.98; (0.65 1.48) 0.74 (0.51-1.08) 0.61 (0.38 -0.99) 1.11 (0.77-1.61) EXSCEL exenatide LAR 18 14,752 (1:1) 3.2 y 62%; ≥65 y 40.25% 73.1% 16.2% 0.91 (0.83-1.00) 0.86 * (0.77-0.97) 0.88 (0.76-1.02) 0.97 (0.85-1.10) 0.85 (0.70-1.03) 0.94 (0.78-1.13) HARMONYAlbiglutide 19 9,463 (1:1) median 1.6 y 70%; Mean age 64.1 y. 70% CAD; 47% IM; 20% 0.78 * (0.68-0.90) 0.95 (0.79-1.16) 0.93 (0.73-1.19) 0.75 * (0.61-0.90) 0.86 (0.66-1.14) prior HF [0.70 (0.54-0.90)] 2 | ME THODS 2.1 | Data sources and searches and full texts published as of January 31, 2019. Searches included spe-cific and class terms for GLP-1 RAs (exenatide OR liraglutide OR lixi-senatide OR albiglutide OR dulaglutide OR semaglutide OR GLP-1 RA), HARMONY trial reports of Observational Studies. 25 17% Stroke; 20% HF no history of HF [0.82 (0.69-0.98)] REWINDDulaglutide 20 9,901 (1:1) median 5.4 y (IQR 5.1-5.9) 53.7% Mean 66.2 years 31.5% CVD 20.8% CVE 8.5% 0.88 * (0.79-0.99) 0.90 (0.80-1.01) 0.91 (0.78-1.06) 0.96 (0.79-1.15) 0.76 * (0.62-0.94) 0.93 (0.77-1.12) *PIONEER-6Oral semaglutide 21 3,183 (1:1) 58.4% Median 66 y. 0.79; (0.57 to 1.11) 0.51 * (0.31-0.84) 0.49 * (0.27 to 0.92) 1.18 (0.73 to 1.90) 0.74 (0.35 to 1.57) 0.86 (0.48-1.55) Abbreviations: A-C M, all-cause mortality; AMI, acute myocardial infarction; CV M, cardiovascular mortality; CVOT, cardiovascular outcome trial; HHF, hospitalisation for heart failure; MACE, major adverse cardiovascular events; RCTs, randomised controlled trials. All results Hazard ratio (95% CI). study design (observational, observational cohort, population-based)

  Characteristics of populations exposed to GLP-1 RAs in observational cohort studies

	TA B L E 2 (Continued) TA B L E 3 Study %	Author, yr comparator drugs Design analysis (years) mortality Results MACE Results CV events Results HHF Author Study and Exposure Follow-up Results All-cause identification: mean age % men T2DM duration median HbA1c % history of CVD % Hyper tension % history HF history stroke % history MI current or past smokers BMI kg/m2	80 (0.74-0.86) All-cause hospitalisation et al 41 HR 0.88 (0.79-0.98); Dawwas CV related hospitalisation DPP-4 i vs GLP-1 RAs (321,606 patients, HR 0.94 (0.91-0.97) each matched incident AT FU 170 (± 290 d.) in DPP4 i and 159 (±285 d.) in HR: 1.16 (1.11-1.20) No HF history: 1.18 (1.12-1.22) Best et al 28 52.7 ± 8.7 (exenatide) 43.8% NA NA 12.7% IHD 65.4% 3.5% 0% † 0% † NA Mogensen et al 29 ITT CVD event: HR 0.86; 0.81-0.92 CV-related hospitalisation: cohort 160 803) GLP-1 RAs Prior HF history: total 60.6 ± 13 y; GLP-1 54.3 ± 11.7; HR 0.88; (0.79 -0.98) group 1.11 (0.93-1.35) 53.5 (11.9) All-cause hospitalisation: Svanström 42 Liraglutide vs DPP-4 incident ITT 3.5 y (SD HR 0.83, MACE: HR 0.90 (95% CI CV death HR 0.78 HR 0.90 (0.80-1.03) in matched Total 59% GLP-1 56.1% (initiation monotherapy (IQR) 2.0 y (0.4-4.5 y); GLP-1 3.0 (1.4-5.1) NA IHD: total 6,1%; GLP-1 5.6% NA (use of ARA Total: 3.2; GLP-1 2.6% 0% † 0% † NA Obese 16.2% exenatide and 9.1% non-exenatide NA	Mogensen MET + GLP-Inc AT 2.1 y. RR 0.77 RR 0.82 (0.55-1.21) CV mortality 0.89 i with previous/ et al 29 1(n = 4345) (0.51-1.17) (0.47-1.68); basal MET 2.1) for liraglutide (0.77-0.90) 0.83-0.98) history of major CVD: 0.81 (0.68-0.91), MI 0.94, (0.84-1.06) cohort Paul et al 30 58 y. GLP-1 total 59% 1.0 (0.2, 1.8) y 7.6% IHD 6.53% 83% (use of 1.71% 0.50% 0.78% 51% ≥30 89% in the EBID	vs MET + SU(n = 25 and 3.2 y (0.71-0.92) stroke 0.88 (0.77-1.01) anti-hyper and EBID + insulin	092), (2.0) for without CVD: 0.96 (0.86-1.06) tensives) groups and 65% in	DPP-4 Expanded MACE (+ other insulin group	inhibitors. ischaemic heart disease, Velez et al 31 60.0 ± 11.4 45.4% 2.47 y 7.98 ± 1.77 1.6% -45% 0% † 0% 0.2% NA NA	coronary revascularisation, and (refers to	peripheral arterial disease.) (HR incretin	0.95, (0.89-1.01). therapies)	AT 2.1 y HR 0.84 (95% CI 0.75-0.94) Patorno et al 32 50.7 to 53.2 47.2 to 60.0.6% (sensitivity (SD 1.8) for NA (proxies as indicators of diabetes severity) analysis) liraglutide 7.8 to 9.9% 7.6 to 13.1% 44.4% 1.2% 0.4% NR 5.6 to 7.7% Ekström et al 33 and 1.7 y GLP--1:56.0 y; SU: 62.9 y (1.6) 55.7% GLP-1 RA 5.0 (2.0, 8.0) y; SUs 5.0 (3.0, 8.0) y GLP-1 ra 7.8% (3.4); SUs 7.7% (3.2) For DPP-4 i GLP-1 ra 12.8%; SUs 15.2% 75.3% (use of anti-hypertensives) GLP-1 ra 4.1%; SUs 3.8% NR NR current 18,1% Kannan et al 34 Full cohort with multivariate 60.6 ± 12.6 y; MET + GLP-1 analysis instead of PS matching: RAs 55 y, 42%: for MET + GLP-1 and 54.9% for NR ( proxies: neuropathy, retinopathy, CKD) NR 0% † 42.5% 0% (exclusion criterium) 2.8% 0% † MET + GLP-1 RAs: Current 9.5% and Non-11.2 to 21.5% Mean 34.9 (5.1): SUs 30.7 (4.8) MET + GLP--1 RAs median 36.98 (32.2, 43.0):	HR 0.88, 95% CI 0.82-0.94) MET + SUs MET + SU smokers 52.3% MET + SUs 32.28	O'Brien GLP-1 RA as second-incident ITT Up to 2 y HR: 0.78 (0.63-0.96) Stroke 0.65 (0.44-0.97) 0.65 (0.43-1.02) 62 y For MET + SU 15.8% and et al 43 line after taking Mean 1.3 y. Prior CV events: 0.78 (0.43-1.42) IHD 0.91 (0.67-1.24) 46.7% n = 11 351 MET alone OR No history CV events 0.81 PAD 0.90 (0.42-1.95) (28.2, 37.5)	no ADM vs DPP-4 (0.65-1.01) Anyanwagu et al 35 as reference Prior MET 0.92 (0.90-1.22) 49.60 ± 10.5 y; 54.2% mean 2.7 y (3.0) 9.4(2.0) % 1.6% for other Coronary No prior MET 0.66 (0.48-0.90) Heart Adherent patients: 0.74 Disease, (0.50-1.10) 50.6% (use of anti-hipertensives) 0.2% NR NR Current 22.4% Past smoker 38.4% Suissa et al 36 AT Time-varying model: 0.81 56.0 ± 10.5 54.9% 5.2 ± 3.0 y ≤7%: 7.1%-6.7% 15.6% 23.2% 63.0.6% 4.6% 3.1% NR 57.5% mean BMI 39.6(7.1) kg/m 2 Obese 93.2%	(0.61-1.08) 8.0%: 77%	Note: All estimates (95% CI). >8%:	Abbreviations: AMI, Acute myocardial infarction; AT, As-treated approach; BMI, Body mass index; CR, Coronary revascularisation; CV, Cardiovascular; CVD, Cardiovascular disease; DPP-4 i, Dipeptidyl Zimmerman et al 37 Median (IQR) 61 (51, 70) 51.8% NA NA 13.3% 65% NA 5% 1.7% current 12%, former 27% peptidase 4 inhibitors; FU, Follow-up; GLP-1 RA, Glucagon-like peptide 1 receptor agonists; HF, Heart failure; HHF, Hospitalisations for heart failure; HR, Hazard Ratio; INS, Insulins; ITT, Intention-to-Toulis 38 treat; MACE, Major adverse cardiovascular events; MET, Metformin; MI, Myocardial infarction; PS, Propensity score; SU, Sulphonylureas; UA, Unstable angina. 57.5 (10.4) 54.6% 9.8 (5.7) 8.4 (3.9) % 16.5% 63.8% 3.8% 5.3% NR Current 14.1% median BMI (IQR) 32.1 (27.9, 37.6) 37.4 (7.1)	† 5.19 y. for INS; 1.42 for GLP-1 RAs. (Continues)

  to 1.29 (95% CI 0.54-3.13).39 Significant

	HRs spanned from 0.21 (95% CI 0.08-0.51) (third-line GLP-1 RAs
	vs insulin therapy 33 ) to 0.83 (95% CI 0.77-0.90),/ liraglutide vs
	DPP-4 i 41 ). In four studies comparing GLP-1 RAs vs non-GLP-1
	RAs 30,36-38 significant estimators ranged from HR 0.35 (0.17-
	0.73) to 0.64 (0.56-0.74): liraglutide subgroups

  27,29 -obtained HR 0.81 and HR 0.44 for

MACE not including deaths. The study evaluating liraglutide vs a neutral antidiabetic drug class, DPP-4 i,

41 

got HRs similar to those of LEADER trial, although characteristics of their populations were not (100% high CV-risk patients -81% with established CVD-in the LEADER and 16% of patients with ischemic heart disease

Table 1 )

 1 . All but one (a case from literature) were spontaneous reports. All but two cases were serious (one case doesn't state serious-ness, another one was reported as not serious), and there was one death reported. The patients were 11 women (73%) and three men (20%), while the literature case doesn't report the patient's sex.

		(Age was reported in nine cases (60%), being all
		patients 60 years or older; age ranged from 83 to
		88 years in four out of nine patients (44%).
		Another patient's age (case 11) was estimated to
		85-90 years.
	1-3	Relevant medical history was reported in six cases (cases 8, 9, 10, 11, 12 and 13). In case 8,
	Cardiac failure, or heart failure (HF), is a pathophysiologically complex clinical syndrome, not fully understood, which results from an impaired function of the heart as a pump supporting physiological circulation. Symptoms are dyspnoea, exercise intolerance, and sodium and water retention, often manifested as oedema. Cardiac failure can be caused by any abnormality of the structure, mechanical function or electrical activity of the heart, or as a secondary dysfunction of other organs and tissues, e.g. kidneys, liver or muscles; other systemic processes, as neurohumoral activation, are also involved. 4,5	concomitant diseases included renal artery stenosis, renal insufficiency, renal disease (shrinked kidneys), renal anaemia, renal osteodystrophy, hyperuricaemia, dyslipidaemia, hypertension, and chronic obstructive pulmonary diseases (COPD). In case 9, relevant medical history mentions cardiovascular disease (CVD) (percutaneous coronary intervention, angina pectoris and myocardial ischaemia), hypertension, hyperlipidaemia, chronic renal failure and diabetes mellitus. Of note, both patients had low weight (43 kg and 40 kg). Case 10 reports hypertension pulmonale, cor pulmonale and lung fibrosis. Case 11 reports unspecified heart disease, case 12
	Receptors of GLP-1 (GLP-1R) are expressed in	mentions hypertension and atrial fibrillation and
	pancreas and extrapancreatic tissues (lung,	case 13 renal insufficiency and hypertension.
	kidney, central, enteric and peripheral nervous systems, lymphocytes, blood vessels, and heart). GLP-1 exerts direct actions on the cardiovascular system, the heart, vessels and kidney, mainly via GLP-1R. In preclinical studies, incretin-based agents control body weight, improve glycaemic control with a low risk of hypoglycaemia, decrease blood pressure, inhibit the secretion of intestinal chylomicrons, and reduce inflammation. 6	Reports come from Europe (six cases), the US (three), Canada (two), Australia (two) and Japan (one). ICSRs were sent by physicians (ten cases), manufacturers (two), pharmacist (one) consumers/non health professionals (one case) and other health professionals (one case). The completeness score of the ICSRs was low (0.17-0.27) in 31%, medium (0.33-0.53) in 44% and high (0.75-0.95) in 25% of the reports. One report
	GIP and GLP-1 are rapidly inactivated by DPP4, 1-	mentions a recently published article about the
	3, 6-8 a transmembrane protein that removes N-	effect of saxagliptin on cardiac outcomes.
	terminal dipeptides from various substrate hormones, chemokines, neuropeptides, growth factors and incretins. Other cardioactive peptides	Seven reports provide time to onset, which varied from 6 days (two reports) to 295 days.
	cleaved by DPP4, are brain natriuretic peptide	
	(BNP) and neuropeptide Y. BNP is a cardiac	
	neurohormone with natriuretic and vasodilatory	
	actions, secreted into the plasma from the	
	ventricles in response to ventricular volume	
	expansion and pressure overload. 6-8 BNP has been	
	established as a diagnostic and prognostic marker	
	of left ventricular (LV) systolic and diastolic	
	dysfunction. 9 BNP plasma levels have been shown	
	to be significantly higher in patients with	
	decompensated chronic HF. 10	
	Reports in VigiBase®	
	Fifteen ICSRs were retrieved from the WHO Global	
	ICSR Database, VigiBase®, up to 6 May 2014	

Table 1 .

 1 Characteristics of reports in VigiBase ® for linagliptin and cardiac failure

	Case Age/	Time to	Duration of	Other suspected (S) or	Reported adverse reactions/	Dechallenge	Outcome
		Sex	onset	treatment	concomitant (C) drugs	adverse events	action	
	1	-/F	44 days	68 days	-	Urinary tract infection,	Drug withdrawn	Recovered
						pulmonary congestion,		(before drug
						hypotension, pain, nausea,		withdrawal)
						pleural fibrosis, hypoxia,		
						cardiac congestive failure		
	2*	-/F	-	-	Pioglitazone, metformin,	Cardiac failure	-	Unknown
					amlodipine, irbesartan (all C)			
	3	84/M 6 days	-	Metformin, clarithromycin,	Oedema, respiratory rate	Dose not	Recovered
					doxazocin, fluticasone,	increased, wheezes,	changed	with sequelae
					lactulose, senna, latanoprost,	orthopnoea, condition		
					furosemide/amiloride,	aggravated, congestive heart		
					clopidogrel (all C)	failure		
	4	71/F	-	-	-	Heart failure	-	-
	5	-/F	147 days	147 days	-	Anaemia, congestive heart	Drug withdrawn	Recovered
						failure, hypertension		with sequelae
						pulmonary		
	6	60/F	-	-	-	Congestive heart failure	-	-
	7*	69/F	-	-	-	Dyspnoea, swelling, cardiac	-	-
						failure		
	8**	66/F	16 days	16 days	Amlodipine, quinapril ,	Vomiting, renal failure acute,	Drug withdrawn	Death
					colecalciferol, sodium	acute dyspnoea, myocardial		
					ascorbate/ferrous sulfate,	decompensation, general		
					calcium acetate, calcium	physical health deterioration		
					carbonate, sodium bicarbonate,			
					cloxazolam, acetylsalicylic acid,			
					bisoprolol, gliquidone ,			
					simvastatin (all C)			
	9	87/F	6 days	6 days	Cilostazol (S)	Renal failure aggravated,	Drug withdrawn	Recovered
						cardiac failure congestive		
					Zopiclone doxazocin,			
					haloperidol, ezetimibe,			
					famotidine, nifedipine,			
					hydrochlorotiazide/losartan			
					potassium, acetylsalicylic acid			
					(all C)			
	10	67/F	164 days	176 days	Estradiol, terbutaline, formoterol	Disease progression, oedema,	Drug withdrawn	Recovered
					fumarate/ budesonide,	cardiac arrest, atrial		
					prednisolone, insulin aspart,	fibrillation, myocardial		
					insulin glargine, acetylsalicylic	decompensation		
					acid, magnesium oxide,			
					simvastatin, ezetimibe, enalapril,			
					potassium, furosemide, sildenafil,			
					cyclophosmamide (all C)			
	11	***/F -	-	Metformin (C)	Myocardial decompensation	Drug withdrawn	Recovered
	12	88/F	-	45 days	Metformin (C)	Oedema, cardiac failure	-	Recovered
	13	83/M -	-	Polymedication (not further	Cardiac failure	Drug withdrawn	Unknown
					specified)			
	14	-/-	295 days	295 days	Metformin (S)	Supraventricular tachycardia,	Drug withdrawn	Recovered
						cardiogenic shock		
	15	-/M	-	-	-	Asthenia, hyperglycaemia,	Unknown	Unknown
						tremor, nocturnal dyspnoea,		
						abdominal discomfort		

1, 2015 • 24 SIGNAL *causality reported as possible, ** causality reported as 'implied', *** estimated age: 85-90 years

  spite of their inherent limitations, spontaneous reports from VigiBase® add observational data in support of the association cardiac failurelinagliptin/ (DPP4i) as a drug-related effect in some patients with risk factors (e.g. old age), underlying concomitant conditions or pre-existing cardiac failure and/or other concomitant medication. The pair linagliptin-cardiac failure should be considered as a signal, and deserves further clinical and pharmacoepidemiological investigation. 25. White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris GL, et al. Alogliptin after acute coronary syndrome in patients with type 2 diabetes. N Engl J Med. 2013 Oct 3;369(14):1327-35. WHO Pharmaceuticals Newsletter No. 1, 2015 • 27 SIGNAL 28. Baraniuk JN, Jamieson MJ. Rhinorrhea, cough and fatigue in patients taking sitagliptin. Allergy, Asthma & Clinical Immunology. 2010;6(1):8-29. Matyal R, Mahmood F, Robich M, Glazer H, Khabbaz K, Hess P, et al. Chronic type II diabetes mellitus leads to changes in neuropeptide Y receptor expression and distribution in human myocardial tissue. Eur J Pharmacol. 2011 Aug 31;665(1-3):19-28.

	30. Kashihara T, Hirose M, Shimojo H, Nakada T,
	Gomi S, Hongo M, et al. β(2)-Adrenergic and
	M(2)-muscarinic receptors decrease basal t-
	tubular L-type Ca2+ channel activity and
	suppress ventricular contractility in heart
	failure. Eur J Pharmacol. 2014 Feb 5
	;724:122-31.
	26. Schernthaner G, Sattar N. Lessons from
	SAVOR and EXAMINE: Some important
	answers, but many open questions. J
	Diabetes Complications. 2014 Jul-
	Aug;28(4):430-3. doi: 10.1016/j.
	jdiacomp.2014.02.011.
	27. Ravassa S, Barba J, Coma-Canella I, Huerta
	A, López B, González A, et al. The activity of
	circulating dipeptidyl peptidase-4 is
	associated with subclinical left ventricular
	dysfunction in patients with type 2 diabetes
	mellitus. Cardiovasc Diabetol. 2013 Oct
	7;12:143.

  2 , of 54 patients reporting a BMI, 12 (22%) were pre-obese and 27 (50%) were obese. Only 10 reports described patients with normal BMI and the 5 underweight patients had renal failure.Linagliptin does not require dose alteration in patients with renal insufficiency and may be more WHO Pharmaceuticals Newsletter No. 1, 2015 • 28 SIGNAL likely to be used in this patient population than other DPP-4 inhibitors. Thirty six patients (43%) reported renal insufficiency, acute or chronic renal failure or diabetic nephropathy which are recognised risk factors for HF.1 

Table 1 .

 1 2, 2019  19SignalReports in VigiBaseA total of 100 Individual Case Safety Reports (ICSRs), with the combination glibenclamide and palpitations were retrieved from VigiBase, the WHO global database of ICSRs, on 15 January 2018, and were reviewed case by case. Four repeated reports were identified, and there was a likely duplicate from the US, therefore only 95 cases were considered. Of these, 47 reports were from Asian countries and 48 reports from non-Asian countries. Most reports included hypoglycaemic symptoms (dizziness, sweating, vision blurred, etc.), and 18 explicitly reported hypoglycaemia. Most of the Asian ICSRs (34/47, 72%) had a completeness score (level of documentation) >0.50. Case series distribution of gender, region and completeness score is set out in Table1. Case series characteristics: gender, region and completeness score

			Gender	
	Total		n (%)	
	Female		60 (63.16)	
	Male		30 (31.6)	
	Unknown		5 (5.3)	
		Number of reports (%)	
	Asian countries	Other countries
	n 47 (49.5%)	n 48 (50.5%)
	Thailand	26 (27.3%) US	29 (30.5%)
	India	8 (8.4%)	Germany	4 (4.2%)
	Singapore	6 (6.3%)	Peru	3 (3.2%)
	China,	6 (6.3%)	Canada,	4 (4.2%)
	Malaysia	3 each	Sweden	2 each
	Japan	1 (1.1%)	Australia,	8 (8.4%)
			Italy,	1 each
			Denmark,	
			Eritrea,	
			Namibia,	
			Oman, Spain	
			and United	
			Kingdom	
		Completeness Score	
	Total		n (%)	
	≥ 0.70		23 (24.2)	
	0.31 -0.69		43 (45.3)	
	0.1 -0.28		29 (30.5)	

Table 2 .

 2 Age distribution

	Age	Asian	Other	N Total (%)
		countries n/n	countries n/n	
		total (%)	total (%)	
	Reported	47/47 (100%) 39/48 (81%)	
	6 years	0	1/48 (2%)	1 (1.1%)
	24-44 years	11/47 (23%)	0	11 (11.6%)
	45-64 years	25/47 (53%)	22/48 (46%)	47 (49.5%)
	65-74 years	6/47 (13%)	7/48 (15%)	13 (13.7%)
	above 75 years 5/47 (11%)	9/48 (19%)	14 (14.7%)
	Unknown	0	9 (19%)	9 (9.5%)
	Total ≥65	11/47 (23%)	16/48 (31%)	26/95 (27.4%)
	years			
	Total ≤ 64	36/47 (77%)	23/48 (52%)	61/95 (64.2%)
	years			

Table 3 .

 3 Time to onset

	Time to onset (TTO)	n (total)	n (Asia)
	0-10 days	30	21
	12-28 days	4	4
	Within a month*	4	2
	33-36 days	2	1
	43-61 days	3	2
	90-270 days	9	4
	1-20 years	7	2
	Total	59	36
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In this review of observational cohort studies in non-selected T2DM populations, pooled results suggest a beneficial effect of GLP-1

RAs on all-cause mortality and, to a lesser extent, on CV events, while the use of GLP-1 RA would have no impact on the HHF. These 
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Summary

Linagliptin is a reversible, selective inhibitor of the enzyme dipeptidyl peptidase-4 (DPP4), which is responsible for the metabolic inactivation of the incretin glucagon-like peptide 1 (GLP-1), thus extending the GLP-1 half-life. GLP-1 acts on glucose control by stimulating glucose-dependent insulin secretion and suppressing glucagon release. Linagliptin was approved in 2011 for patients with type 2 diabetes mellitus as monotherapy or in combination with other antidiabetic agents in the United States of America (US), the European Union, in Australia and in other countries.

Heart failure can be caused by structural or functional abnormalities of the heart. Up to 6 May 2014, 15 ISCRs associating cardiac failure with linagliptin had been received in the WHO Global ICSR Database, VigiBase®. All but two of these ISCRs were reported as serious, and there was one death reported. Linagliptin was reported as the only suspected drug in 13 cases. Age, reported in nine cases, ranged from 60 to 88 years. Five patients were 83 years and older.

Dipeptidyl peptidase-4 inhibitors (DPP4i) are expected to have beneficial effects on cardiac outcomes, mainly through the prolonged effect of GLP-1. However, two large trials assessing the impact of saxagliptin and alogliptin on cardiovascular death, non-fatal myocardial infarction and non-fatal stroke failed to show any beneficial effect of these drugs on the composite of major cardiovascular outcomes. In addition, concerns arose about the effect of saxagliptin and alogliptin on cardiac failure. A meta-analysis suggested that cardiac failure could be a DPP4i class effect; if it is a class effect, its mechanisms are unknown.

In spite of their inherent limitations, spontaneous reports from VigiBase® add observational data in support of the association cardiac failurelinagliptin/ (DPP4i) as a drug-related effect in some patients with risk factors (e.g. old age), underlying concomitant conditions or pre-existing cardiac failure and/or other concomitant medication. The pair linagliptin-cardiac failure should be considered as a signal, and deserves further investigation.

IX. 3 Glibenclamide/glyburide and palpitations in

Asian population
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To the best of our knowledge, for glibenclamide there is no regulatory labelling or warning that refers to an increased risk of hypoglycaemia in patients with defective isoenzyme genetics.

ICSRs contain limited information, and a patient's pharmacogenetic status is usually never stated. In spite of these known limitations, we have identified characteristics of ICSRs mentioning glibenclamide as a suspected drug, and palpitations as an early hypoglycaemic symptom that could be suggestive of a defective metabolism (short time-to-onset, geographic region). We hypothesize that patients presenting with hypoglycaemia and with a short TTO could have defective genetic variants, and therefore this is considered a signal.

Type 2 diabetes mellitus (T2DM) is a multifactorial, chronic, progressive disease, affecting more than 422 million people over the world, and having a significant societal and economic impact. Cardiovascular disease is the leading cause of morbidity and mortality in T2DM patients, who have higher rates of mortality than the non-diabetic population.

T2DM is defined by its metabolic -mainly glucose-relatedmanifestations which serve as markers for controlling the evolution of disease. However, while the effect of control serum glucose levels on microvascular complications is acknowledged, its impact on macrovascular complications remains uncertain.

Since 2008, new blood glucose-lowering agents have to demonstrate cardiovascular safety, and some have shown to reduce cardiovascular outcomes and mortality. However, the populations included in these large cardiovascular outcome trials differ from the general population, making results no fully generalizable.

While randomised controlled trials are the gold standard for generating scientific evidence, observational studies conducted with secondary data of Electronic medical records (EMRs) are increasingly used as a source of complementary or confirmatory evidence, especially when RCTs are not feasible or unavailable.

This work report an observational, population-based cohort study conducted in SIDIAP, a large Catalan general practitioners database that contains health data of 5,5 million people. We assessed cardiovascular outcomes and mortality in general, unselected T2DM population treated with non-insulin blood-glucose-lowering agents.

The results are expected to be useful both for clinical and public health decision-making.