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Underuse of GLP-1 receptor agonists in the management of type 2 diabetes despite a favourable benefit-safety profile

Short title : Real-life underuse of GLP-1 receptor agonists
Abstract
Introduction: Patients with type 2 diabetes (T2DM) are at high risk of atherosclerotic cardiovascular disease (ASCVD) and cardiovascular death. Cardiovascular protection is a key objective in T2DM.
Areas covered: Glucagon-like peptide-1 receptor agonists (GLP-1RAs) have proven their efficacy in reducing major cardiovascular events in high-risk patients with T2DM in placebo-controlled trials, a finding confirmed in observational studies compared with other glucose-lowering agents. Overall, GLP-1RAs have a good safety profile associated with a favorable benefit/risk ratio for the management of T2DM, even if their cost-effectiveness might be questionable. International guidelines recommend GLP-1RAs as preferred glucose-lowering agents in patients with ASCVD and as a valuable alternative in overweight/obese patients with T2DM.  However, real-life studies worldwide revealed that only a minority of patients receive a GLP-1RA, despite a positive trend for increased prescriptions in recent years. Surprisingly, however, less patients with established ASCVD are treated with these cardioprotective antihyperglycemic agents versus patients without ASCVD.
Expert Opinion/Commentary: The reasons for GLP-1RA underuse in clinical practice are multiple. Multifaceted and coordinated interventions targeting all actors of the health care system must be implemented to stimulate the adoption of GLP-1RAs as part of routine cardiovascular care among patients with T2DM, especially in those with ASCVD. 
Keywords : Atherosclerotic cardiovascular disease – Cardiovascular outcome trial  –  GLP-1 receptor agonist – Observational  studies –  Real-world clinical practice
Plain Language Summary
Patients with type 2 diabetes are at high risk of atherosclerotic cardiovascular disease, especially myocardial infarction and ischemic stroke. Cardiovascular protection should be considered as a key objective when treating those patients. Glucagon-like peptide-1 receptor agonists (GLP-1RAs), an injectable therapy for the treatment of hyperglycemia, have proven their efficacy in reducing major cardiovascular events (cardiovascular mortality, myocardial infarction, ischemic stroke) both in controlled trials compared to placebo and in real-life studies compared with other glucose-lowering agents. These consistent findings profoundly influence international guidelines which recommend GLP-1RAs as preferred glucose-lowering agents in patients with atherosclerotic cardiovascular disease or at high risk to develop this complication.  However, real-life studies worldwide revealed that only a minority of patients receive a GLP-1RA. An even more surprising finding was that GLP-1RAs are less prescribed in patients with established atherosclerotic cardiovascular disease, including antecedents of coronary heart disease and cerebrovascular disease, than in patients without such cardiovascular complications. The reasons for GLP-1RA underuse in clinical practice are multiple and concern physicians, patients and health care system. Bridging the gap between evidence-based cardiovascular protection with GLP-1RAs and their underuse in daily clinical practice in patients with type 2 diabetes at high risk is crucial from a public health viewpoint.


Highlights
- Atherosclerotic cardiovascular disease (ASCVD) is a common and major complication associated to type 2 diabetes (T2DM).
- Glucagon-like peptide-1 receptor agonists (GLP-1RAs) reduce the risk of major adverse cardiovascular events (MACEs) in placebo-controlled cardiovascular outcome trials.
- The cardiovascular protection of GLP-1RAs has been confirmed in real-life retrospective observational studies compared with other glucose-lowering agents (except gliflozins).
- The safety profile of GLP-1RAs is reassuring and this pharmacological class has a good benefit-risk ratio, yet the cost-effectiveness is more debatable because of a higher drug price.
- Despite the recommendations of international guidelines, the use of GLP-1RAs remains rather low in clinical practice (even if a positive trend was present in recent years) and surprisingly even lower in patients with T2DM and ASCVD. 
- Bridging the gap between evidence-based cardiovascular protection and real-life GLP-1RA underuse in patients with T2DM at high cardiovascular risk is crucial from a public health viewpoint.



1. Introduction
[bookmark: _Hlk162683030][bookmark: _Hlk162687947]Glucagon-like peptide-1 receptor agonists (GLP-1RAs) have proven their efficacy in reducing the incidence of major cardiovascular adverse events (MACEs : a composite of cardiovascular mortality, nonfatal myocardial infarction and nonfatal stroke) in high-risk patients with type 2 diabetes (T2DM). This cardioprotective effect was observed in placebo-controlled cardiovascular outcome trials (CVOTs) in patients who were at high cardiovascular (CV) risk (most patients with established atherosclerotic cardiovascular disease or ASCVD) [1-3]. It was also confirmed in primary prevention in retrospective observational cohort studies when CV outcomes were compared in patients treated with GLP-1RAs versus other glucose-lowering agents, especially sulfonylureas and dipeptidyl peptidase-4 inhibitors (DPP-4is or gliptins) [4, 5]. A recent retrospective clinical study carried out in Italy using a novel web application to rapidly assess CV risk revealed that almost three quarters of patients with T2DM were classified into very high CV risk category [6]. This finding highlights the need to choose cardioprotective agents in those patients.  
Favorable evidence-based results [7, 8] led to a privileged positioning of GLP-1RAs in international consensus reports for the management of patients with T2DM at high CV risk [9-12]. However, these medications remain underused in clinical practice as shown in different surveys performed worldwide [13]. Of note, this defective use was also reported for sodium-glucose cotransporter type 2 inhibitors (SGLT2is or gliflozins) [14, 15] despite their positive CV effects, especially a reduction in hospitalization for heart failure (HF) [16].  Surprisingly, the clinical use of GLP-1RAs appears to be lower rather than higher in patients with ASCVD compared to those without ASCVD [17]. Addressing this paradox may help reduce the morbidity and mortality among numerous patients with T2DM at high CV risk [18]. 
The aims of the present comprehensive review are (i) to summarize the multiple (metabolic, CV, renal, hepatic, … ) benefits reported with GLP-1RAs in randomized clinical trials (RCTs), in placebo-controlled CVOTs and in observational studies; (ii) to describe the tolerance/safety profile of GLP-1RAs in order to better analyze the benefit/risk ratio and cost-effectiveness of this pharmacological class; and to (iii) to discuss the gap between clinical evidence (as emphasized in international guidelines) and use of GLP-1RAs in daily practice. The reasons susceptible to explain such an underuse of GLP-1RAs in real-world conditions and potential solutions that could contribute to bridge the gap between evidence-based data and use in clinical practice will be briefly discussed in the expert opinion section (Figure 1). 
[bookmark: _Hlk162731233]PubMed, EMBASE and Scopus were searched to identify English-language studies published between 1 January 2010 and 31 March 2024. The terms used for the research were “glucagon-like-peptide-1 receptor agonist” or “GLP-1 receptor agonist” and each individual compound of this pharmacological family (exenatide, liraglutide, lixisenatide, semaglutide, dulaglutide, albiglutide). The reference lists of previously published systematic reviews and meta-analyses were also scrutinized to identify any further reports of potential interest.

2. Evidence-based benefits of GLP-1RAs
2.1 Glucose-lowering effects
In a meta-analysis of 31 double-blind placebo-controlled RCTs with 22 948 participants, the mean difference of the pooled GLP-1RA-induced change in the glycated hemoglobin (HbA1c) level averaged -0.78% (95% confidence interval [CI] -0.97%, -0.60%) when using a random-effect model [19]. However, GLP-1RAs belong to a heterogeneous family. They can be categorized either as short-acting compounds (exenatide, lixisenatide) or as long-acting compounds (exenatide long-acting release, liraglutide, dulaglutide, albiglutide) [20]. In a meta-analysis of twelve RCTs involving 2751 patients, compared with short-acting GLP-1 RAs, the long-acting GLP-1RAs were associated with a greater reduction in HbA1c (mean difference = -0.43 %, 95% CI -0.54, -0.33; P < 0.00001) and fasting plasma glucose (mean difference = -0.77 mmol/L, 95% CI -1.01, -0.52; P < 0.00001) [21]. In a network meta-analysis that compared the effects of 10 different GLP-1RAs when added to metformin, the greater reduction in HbA1c was observed with semaglutide 1 mg once weekly (-1.57 %) while an even stronger effect was noticed with the dual GLP-1-GIP (glucose-dependent insulinotropic peptide) receptor agonist tirzepatide 15 mg once weekly (-2.23 %) [22]. Finally, in a meta-analysis of 20 studies representing 47 study arms and 11 843 patient, GLP-1RAs lowered HbA1c by 0.48 (0.45-0.52) % more than did basal insulin treatment [23].
2.2 Weight loss effects
Besides their positive effects on glucose control, GLP-1RAs offer the advantage of promoting weight loss [24]. In the previously mentioned meta-analysis, the pooled body weight reduction with GLP-1RAs versus placebo was -4.05 kg (95% CI -5.02, -3.09; P < 0.00001) in patients with T2DM [19]. Compared with short-acting GLP-1RAs, long-acting GLP-1RAs were associated with a more marked weight reduction (mean difference -0.65 kg, 95% CI -0.90, -0.40; P < 0.00001) [21]. In a network meta-analysis that compared the effects of different GLP-1RAs on top of metformin therapy, mean greater reductions in body weight were noticed with semaglutide 1 mg once weekly (-5.99 kg) and even more with tirzepatide 15 mg once weekly (-11.33 kg) [22]. In a meta-analysis of 20 head-to-head studies, GLP-1RAs, compared with basal insulin, lowered mean body weight more than did basal insulin treatment (-4.6 kg, 95% CI -4.7, -4.4) [23].
2.3 Arterial blood pressure, arterial stiffness and endothelial function
[bookmark: _Hlk162683654]GLP-1RAs (and SGLT2is as well) exert anti-hypertensive effects via different mechanisms so that they could have an interesting ancillary role in controlling blood pressure in patients with T2DM [25].
In a network meta-analysis of 60 trials with 14 treatments, GLP-1RAs decreased systolic blood pressure with range from -1.84 mmHg (95% CI -3.48, -0.20) to -4.60 mmHg (95% CI -7.18, -2.03) when compared with placebo, insulin, and sulfonylureas. This effect was associated with a slight increase in heart rate [26]. 
A Bayesian network meta-analysis concluded that among the six classes of antidiabetic drugs analyzed, GLP-1RAs are the only class of drugs that improves arterial stiffness in patients with T2DM [27]. These medications were also shown to be associated with significantly improved endothelial function in T2DM patients [28]. These positive effects on both arterial stiffness and endothelial function may contribute to improve CV clinical outcomes. 

2.4 Cardiovascular outcomes
Several placebo-controlled CVOTs have shown a significant reduction in the incidence of ASCVD complications (myocardial infarctions, ischemic strokes) in patients with T2DM. Results have been computed in several meta-analyses [3, 29]. In a meta-analysis of eight trials comprising 60 080 patients published in 2021, GLP-1RAs significantly reduced the incidence of MACEs by 14%, CV death by 13%, fatal or non-fatal myocardial infarction by 10%, fatal or non-fatal stroke by 17%, hospitalization for HF by 11% and all-cause death by 12% (Table 1) [3]. In a trial-level of seven CVOTs that included 56 004 patients, the difference in efficacy with respect to MACE primary endpoint between patients with established ASCVD and patients without ASCVD but with CV risk factors only was not significant (pooled interaction effect, expressed as ratio of HR 1.06, 95% CI 0.85, 1.34). This absence of difference suggests a positive CV effect of GLP-1RAs in patients with T2DM with and without established ASCVD [30]. In absence of head-to-head trials directly comparing antidiabetic drug classes, a network meta-analysis of 23 CVOTs concluded that GLP-1RAs are superior to DPP-4is in reducing the risk of most CV (and renal) outcomes, with a special positive effect regarding the prevention of ischemic strokes [29]. According to a meta-analysis of eight RCTs, in comparison to placebo, GLP-1RAs reduced nonfatal strokes (odd ratio [OR] 0.84; 95% CI 0.76, 0.94, P = 0.002) and all strokes (OR 0.84; 95% CI 0.75, 0.93, P = 0.001, by 16% without any heterogeneity across trials [31].
A meta-regression analysis of nine CVOTs conducted on a pooled population of 64 236 patients concluded that MACE benefits associated with GLP-1RAs are dependent on the reduction of HbA1c levels [32], a finding that contrasts with the observations made in CVOTs with SGLT2is for which the contribution of the improvement in glucose control to overall CV protection appears much less pronounced [33].

In contrast to SGLT2is, GLP1-RAs did not reduce HF hospitalizations and mortality in patients with concomitant T2DM and HF [34]. However, they could prevent new-onset HF and CV death (HR 0.84, 95% CI 0.76, 0.92) and reduce all-cause mortality (HR 0.85, 95% CI 0.79, 0.92). in patients with T2DM without HF history [35]. Of note, the reduction in atherosclerotic events with GLP1-RAs was not influenced by HF history status [35].

2.5 Renal effects
Chronic kidney disease (CKD) is a key feared complication of diabetes and also an important mediator of the CV risk associated with T2DM [36]. Even if the positive effects of GLP-1RAs on renal outcomes were less impressive than those reported with SGLT2is [29], favorable effects were also observed, especially regarding the reduction in albuminuria [3, 37]. In a meta-analysis of 18 RCTs involving 12 192 subjects, treatment with GLP-1RA was associated with a significant reduction in albumin-to-creatinine ratio (weighted mean difference or WMD: -6.74 mg/g, 95% CI: -12.64, -0.85; P = 0.03), yet without any significant effect on the decline of estimated glomerular filtration rate (eGFR) (WMD: 1.01 mL/min/1.73 m², 95% CI: -1.61, 3.63; P = 0.45) [38]. In a meta-analysis of seven studies involving 48 101 patients, the use of GLP-1RAs compared to placebo reduced the risk of the composite renal outcome by 17% (risk ratio or RR 0.83, 95% CI 0.79, 0.88; P < 0.00001), mainly due to a reduction in the risk of new-onset persistent macroalbuminuria (RR 0.75, 95% CI 0.69, 0.81; P < 0.00001). However, GLP-1RAs had no significant effect on eGFR decrease (RR 0.92, 95% CI 0.83, 1.01; P = 0.09), doubling of serum creatinine (RR 0.97, 95% CI 0.78, 1.21; P = 0.79), or progression to end-stage renal disease (RR 0.81, 95% CI 0.62, 1.06; P = 0.12) [39]. The positive effect of GLP-1RAs on albuminuria was confirmed in a meta-analysis of 22 RCTs comprising 39 714 T2DM patients, in which the use of GLP1-RAs was associated with a reduction in albuminuria (WMD -16.14%, 95% CI -18.42, -13.86%; P < 0.0001) compared with controls [40].
[bookmark: _Hlk162723728]FLOW, a randomized, double-blind, parallel-group, multinational, phase 3b trial, was designed to investigate the effects of semaglutide 1 mg once weekly versus placebo on kidney outcomes in participants with CKD and T2DM [41]. The composite primary endpoint is time to first kidney failure (persistent eGFR <15 ml/min/1.73 m² or initiation of chronic kidney replacement therapy), persistent >/=50% reduction in eGFR or death from kidney or CV causes. Novo Nordisk announced on October 10, 2023 the company’s decision to discontinue the trial because an interim analysis demonstrated that the prespecified criteria for stopping the trial early for efficacy was met. Results are awaited with interest and should be presented at the next congress of the European Renal Association end of May 2024 [42].  

2.6 Liver effects

[bookmark: _Hlk162688332]GLP-1RA-based therapy also provides benefit for metabolic liver disease associated to T2DM via multi-target actions [43, 44], a complication that has been shown to be also linked to a higher risk of ASCVD [45, 46]. In eight RCTs in patients with metabolic dysfunction-associated steatotic liver disease (MASLD) compared with the placebo or active agent group, people treated with GLP-1RAs showed a significant reduction in the liver fat content (WMD -3.17%, 95% CI -5.30,  -1.03; P < 0.0001) and liver enzymes (alanine aminotransferase : WMD -10.73 U/L, 95% CI -20.94, -0.52; P = 0.04; gamma-glutamyl transferase : WMD -12.25 U/L, 95% CI -18.85,  -5.66; P = 0.0003), besides a reduction in bodyweight, waist circumference, fasting plasma glucose and HbA1c levels [47]. In a more recent meta-analysis of 30 RCTs in 1 736 individuals, GLP-1RAs reduced the liver fat level in people with T2DM (WMD = -3.15 %, 95% CI -4.14, -2.15; P < 0.00001) and MASLD (WMD = -3.83%, 95% CI -6.30, -1.37; P = 0.002), while they showed no significant impact on the hepatic fat content in patients without T2DM [48]. In a network meta-analysis, the reduction in liver fat content appeared similar in patients treated with either daily injections of GLP-1RAs (WMD = -3.66 %, 95% CI -5.56, -1.76) or weekly injections of GLP-1RAs (WMD = -3.51 %, 95% CI -4.00, -3.02) [49].

3. Confirmation in observational real-life studies
There are numerous challenges and pitfalls to avoid when using data from CVOTs [50]. Well-designed real-life studies complement RCTs and systematic reviews (meta-analyses). Observational studies and post-marketing surveillance provide real world evidence of the effectiveness of GLP-1RAs in patients with T2DM [39].
TROPHIES was a non-interventional, multinational, 24-month observational study, initiated to investigate the use of both dulaglutide (n = 1014) and liraglutide (n = 991) in routine clinical practice in patients with T2DM in three European countries (France, Germany and Italy). At 24 months, significant and similar reductions in HbA1c (around -1.5 %) and body weight (around -3.4 kg) were noticed in both liraglutide group and dulaglutide group [51], thus results comparable to those previously reported in RCTs.
Evidence from observational studies reflecting real-world clinical practice (43 full-text publications, 7 413 patients treated with liraglutide) demonstrated that liraglutide therapy improves glycemic control (mean change in HbA1c from baseline: −0.9% to −2.2%; proportion reaching HbA1c target < 7.0% or 53 mmol/mol: 29.5 to 65.0% of patients) with a low risk of hypoglycemia (≤ 0.8% as monotherapy). Furthermore, GLP-1RA therapy was associated with significant weight loss in patients with T2DM (−1.3 to −8.65 kg) [52]. Again, these observations are consistent with clinical trial findings. 
In a meta-analysis of five observational studies including a total of 64,452 patients with T2DM with fewer ASCVD events, significant reductions in CV complications were observed with liraglutide or exenatide compared with other glucose-lowering agents : MACEs (HR 0.72, 95% CI 0.65, 0.93), CV death (HR 0.75, 95% CI 0.65, 0.85), stroke (HR 0.86, 95% CI 0.75, 0.98) and hospitalization for HF (HR 0.84, 95% CI 0.77, 0.91): in contrast, the numerical reduction in myocardial infarction failed to reach statistical significance (HR 0.93, 95% CI: 0.83, 1.04)  [53]. The conclusion was that GLP-1RAs are associated with a low risk of CV event composites and mortality compared with other glucose-lowering agents. Thus, findings from observational real-life studies overall support the cardioprotective effect of GLP-1RAs demonstrated in placebo-controlled CVOTs.
In another meta-analysis of the CV effects in real-world studies comparing GLP-1RAs versus other glucose-lowering drugs (except SGLT2is), significant reductions were observed in MACEs (-30%), all-cause death (-39%), CV death (-34%), myocardial infarction (-10%), stroke (-18%), and HF (-12%) (Table 1) [54]. In contrast, no significant differences were observed between GLP-1RAs and SGLT2is for all these items, except a lower reduction in HF with GLP-1RAs versus SGLT2is but a greater reduction in all-cause death with GLP-1RAs versus SGLT2is [54]. In a real-world observational study in a T2DM population, discontinuation of GLP-1RA treatment was associated to a higher risk of MACEs, in both subjects with and without a history of CV events [55].
[bookmark: _Hlk153911084]The few real-world studies addressing renal outcomes collected in a systematic review [54] suggested a significant benefit of GLP-1RA on eGFR reduction and hard renal outcomes versus active comparators, again except SGLT2is. Initiation of GLP-1RAs compared with basal insulin in a real-world setting (Maccabi Healthcare Services database, Israel) was associated with a reduced risk of albuminuria progression and possible mitigation of kidney function loss in patients with T2DM and mostly preserved kidney function [56]. Thus, database observational studies supplying real-world evidence corroborated the above-mentioned data from the RCTs [57]. However, GLP-1RAs might be inferior to SGLT2is in reducing kidney outcomes among patients with T2DM in real-world [58], thus also confirming indirect comparisons from placebo-controlled CVOTs. 

4. Safety profile and benefit/risk ratio of GLP-1RAs
GLP-1RAs obviously are associated with multiple clinical benefits, not only on CV risk factors but also on CV outcomes, benefits that are partially but not entirely related to their glucose-lowering efficacy [33]. However, possible safety concerns should also be taken into account in order to provide a balanced overview of the benefit/risk profile of this pharmacological class [1, 59, 60]. 

Because of the stimulation of insulin release and inhibition of glucagon suppression
with GLP-1RAs are dependent on blood glucose concentration, these antihyperglycemic medications are associated with a low risk of hypoglycemia. However, hypoglycemia may be observed when GLP-1RAs are used in combination with sulfonylureas or insulin [61, 62].
Gastrointestinal side effects such as nausea, vomiting and diarrhea are considered ‘very common’ with GLP-1RAs (experienced by ≥ 10% of patients) [63]. These adverse events are generally mild to moderate and transient in duration, yet they may be associated with premature treatment interruption and thus contribute to the underuse of GLP-1RAs in clinical practice [64]. According to data issued from clinical trial programs, transient interruption of GLP-1 RA treatment has been reported to occur in up to 12% of treated patients (vs. ~2% with placebo), with permanent discontinuations ranging between 1.6–6% of treated patients (vs. <1% with placebo) [63, 65, 66]. The tolerance seems to be better with once-weekly administered GLP-1 RAs compared to once-daily injections [63, 65]. To avoid the onset of gastrointestinal adverse events or at least mitigate their intensity in real-life, it is important to start low and go slow. A much slower and steady approach to increasing dosage over time may be recommended in clinical practice compared with the set escalation schedule used in clinical trials, a strategy that could increase tolerability and avoid premature/permanent interruption of the therapy. 
[bookmark: _Hlk162688867]Cases of acute pancreatitis and pancreatic malignancies have been observed in preclinical trials and clinical practice with incretin-based glucose-lowering medications [59]. However, already in 2013, a critical analysis of the clinical use of incretin-based therapies concluded that the benefits by far outweigh the potential risks [67]. Since this date, CVOTs have not only proven the efficacy but also the safety of GLP-1RAs. The rate of acute pancreatitis and pancreatic cancer with GLP-1RAs was confirmed similar to that seen with placebo. Of note, however, these trials recruited patients without antecedents of pancreatitis [68]. Interestingly, these reassuring data in humans were reinforced by a study performed with biopsies before and after the chronic administration of exenatide in non-human primates that concluded that the GLP-1RA does not cause pancreatitis [69].
Other adverse events have been also feared but not confirmed in humans (medullary thyroid cancer) [59, 60] or only reported with high dose and long duration therapy associated with weight loss (risk of gallbladder and biliary diseases) [70]. Overall, the clinical benefit/risk balance of GLP-1RAs should be considered as highly favorable, especially in patients with established ASCVD or at high CV risk.

5. [bookmark: _Hlk162727162]Cost-effectiveness of GLP-1RA therapy

Obviously, the higher cost of GLP-1RAs compared to that of other glucose-lowering drugs represents a major barrier to prescription on these cardioprotective agents. Advocating for a reduction in the price of GLP-1RAs is a pivotal initial step to improve their value-for-money from a societal perspective [71].
A recent systematic review concluded that newer antidiabetic drugs as second line are a cost-effective option for T2DM management. However, GLP-1RAs were shown to be less cost-effective than SGLT2is because of similar reduction in MACEs with both pharmacological classes but a much higher price of GLP-RAs. Indeed, the cost of the medication is generally the most common driven factor in pharmacoeconomic evaluation [72]. According to a recent study based upon the Australian Diabetes Registry, at current prices, GLP-1RAs (in contrast to SGLT2is) would not be cost-effective when considering only their CV and kidney disease benefits for people with T2DM [73]. Nevertheless, model inputs derived from the analyses of Taiwan's National Health Insurance Research Database concluded that using GLP-1RAs versus long-acting basal insulin regimens in patients with T2DM and prior ASCVD or CKD represents good economic value in real-world practice   [74]. However, another recent decision-analytical modelling study concluded that the answer to the question of which non-insulin antidiabetic drugs is cost effective for the treatment of which T2DM patient remains unclear because of the high heterogeneity of the T2DM population and the complexity of pharmacoeconomic evaluation across countries [75]. 
Findings highlight the need to consider cost savings from reducing common, morbid and preventable expansive complications associated with T2DM such as ASCVD and HF when comparing the cost of antihyperglycemic medications [76]. Of course, the cost-effectiveness would be even better if the price of these medications would be reduced. This is particularly the case for GLP-1RAs, which are the most expensive antihyperglycemic drugs currently on the market. Obviously, the high cost of this therapy contributes to hamper the use of this cardioprotective pharmacological class, at least among some subgroups of patients and in countries with poor socioeconomic status [77, 78] (see below, section : Socioeconomic inequities in GLP-1RA use).
. 
Costs for diabetes medications have increased dramatically over the past two decades. Medication costs can contribute to worse antihyperglycemic drug-taking behavior and, especially, reduce the use of GLP-1RAs in some T2DM patients who would benefit [11].


6. Positioning of GLP-1RAs in international guidelines
The consensus report by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) has been updated in 2022 [9]. Similar conclusions were confirmed by the American Association of Clinical Endocrinology 2023 consensus statement [10] and by the American Diabetes Association Professional Practice Committee early 2024 [11]. In people with established ASCVD, a GLP-1RA or an SGLT2i with proven benefit should be used to reduce MACEs. In individuals without established ASCVD but with multiple CV risk factors, a GLP-1RA or an SGLT2i with proven benefit could be used to reduce MACEs. In people with HF and renal disease, SGLT2is should be preferred to GLP-1RAs because they are associated with a much greater improvement of HF and kidney outcomes. In any case, newer cardioprotective antihyperglycemic agents should be used independent of background use of metformin and independent of baseline HbA1c level [9-11].
In the last guidelines by the European Society of Cardiology, GLP-1RAs with proven CV benefit are also recommended in patients with T2DM and ASCVD to reduce CV events, independent of baseline or target HbA1c and independent of concomitant glucose-lowering medication (class A, level C) [12].
In patients without ASCVD, if the goals are achievement and maintenance of glycemic and weight objectives, GLP-1RAs are well positioned in the algorithm of the management of T2DM. They may represent a valuable alternative to other antihyperglycemic agents because of their higher glucose-lowering potency (without or with a low risk of hypoglycemia) and their favorable impact on body weight [9].

7. Underuse in clinical practice
Consistent evidence of ASCVD benefit arose from CVOTs with GLP-1RAs versus placebo, a finding confirmed in real-life conditions compared with other glucose-lowering agents. Nevertheless, the number of patients receiving these drugs in clinical practice remains low in most countries worldwide [2]. In a recent review, the conclusion was that considerable care gaps exist owing to insufficient detection of asymptomatic T2DM, physician therapeutic inertia and poor patient adherence to cardioprotective medications such as GLP-1RAs [79].

Positive trends in the use of GLP-1RAs
There was a systematic progression in the uptake of GLP-1RAs in clinical practice worldwide from 2013 to 2020, as shown in several retrospective cohort studies [77, 80-87]. The proportion of T2DM patients treated with a GLP-1RA between 2013 and 2017 varied in a range 0.6-10.0 % and increased up to 10.0-20.0% in the years 2017-2020 (Table 2, upper part). In DISCOVER, a global, prospective, observational study among 14,576 patients with T2DM from 37 countries, only 2.2% were started on a GLP-1RA at enrollment (2014-16); an encouraging increase, yet limited and with large variability across countries, was noticed at the end of follow-up three years later [84]. A 50% increase in the use of GLP-1RAs was reported from 2010 to 2020 in an observational study from Northeast Italy [88]. In Australia, the number of prevalent users of GLP-1RA increased gradually from 2014 to 2020, and more rapidly from 2021 to 2022, leading to an overall 11-fold rise, mainly driven by an increased rate of prescriptions by cardiologists [89]. In a cross-sectional study, GLP-1RAs with CV benefit increased in use during the 2014-2019 study period, but also demonstrated considerable variation among US states in their relative use [90]. A retrospective US cohort study that included patients who were dispensed a GLP-1RA from 2014 to 2022 in the University of California Health Data Warehouse confirmed a rapid increased use of GLP-1RAs in recent years [91]. One exception was observed in a UK study where the use of GLP-1RAs was low in 2015 (< 5%) and remained even lower in 2020 regardless of CKD status [92].  A possible explanation for the limited use of GLP- 1RAs in UK may be their lack of inclusion in the National Institute for Health and Care Excellence (NICE) T2DM guidelines as second line therapy for the management of T2DM.
 	Surprisingly, the progressive trend in GLP-1RA clinical use was not more marked in patients with ASCVD compared to those without ASCVD despite the convincing results of many CVOTs (Table 2, lower part). When comparing the trend of use of GLP-1RAs among patients with ASCVD and without ASCVD, no differences could be detected in two studies, one in the UK [81], the other one in three different cohorts in the US [86]. Hence, after 2018, GLP-1RAs (together with SGLT2is) were more commonly used as second-line agents in both the US and the UK, although these agents were not preferentially prescribed among patients with ASCVD [85]. In the France Longitudinal Patient Database, the annualized change in the age- and sex-standardized incident use of GLP-1RAs was lower for patients with established ASCVD (0.35%, 95% CI 0.06, 0.64) than for patients without established ASVCD (1.07%, 95% CI 0.28, 1.86; P = 0.045) (cited in [93]).

Still poor market penetrance of GLP-1RAs
Despite the recent progression in the clinical use of GLP-1RAs, rather few T2DM patients received this therapy, even when ASCVD was present. In a cohort of 435,000 patients with T2DM identified from the “Swedish National Diabetes Register”, among patients recommended a GLP-1RA according to the 2019 ADA / EASD consensus report, only 20.0% had received this treatment [13]. The US 2017-2018 National Health and Nutrition Examination Survey showed substantial gaps in the use of GLP‐1RAs despite a large number of patients being eligible for guideline‐recommended cardiorenal protective therapies. During 2017 to 2018, only 1.5% (95% CI 0.7, 3.2%) of a sample of 1 104 patients with T2DM were treated with GLP-1RAs [94]. Among US 537,980 patients with T2DM and ASCVD across 130 Veterans Affairs facilities, only 8.0% of patients received a GLP-1RA. Those patients were on average younger, with a higher proportion of non-Hispanic Whites [95]. In the “NIH Precision Medicine Initiative All of Us Research Program”, only 11.9 % of patients with T2DM and ASCVD were treated with a GLP-1RA [96]. 
In a cross-sectional pharmaco-epidemiological study of Medicaid prescription rates in 50 US states and the District of Columbia, considerable variation among states was recorded in the relative use of glucose-lowering agents with CV benefit [90]. In DISCOVER, the cardioprotective therapeutic approach with GLP-1RAs remained suboptimal across 37 different countries, particularly in sub-groups most likely to benefit. Substantial country-level variability existed independent of patient demographic and clinical factors, suggesting structural barriers may limit more widespread use of these medications with CV beneficial properties [84]. Further research is awaited to clarify which factors may be contributing to the relative underuse of these cardioprotective agents in a population at high risk of CV morbidity and mortality [97].
Paradoxical underuse in patients with ASCVD
In a recent meta-analysis [17], seven observational retrospective studies (for a total of nine cohorts) with dedicated comparison of the use of GLP-1RAs in T2DM patients with versus without ASCVD were collected in the literature [77, 81, 86, 94, 98-100] (Table 3). The evaluations were performed between 2014-2015 and 2017-2020. The percentages of patients with ASCVD who were treated with GLP-1RAs varied between 0.98 and 9.4% whereas the corresponding percentages of T2DM patients without ASCVD treated with GLP-1RAs varied between 0.73 and 11.6%. Of note, the percentages of GLP-1RA-treated T2DM patients were slightly lower in people with versus without ASCVD in 7 out of 9 cohorts. The odds ratio (OR) of using GLP-1RAs was significantly lower in patients with ASCVD than in those without ASCVD (OR 0.80, 95% CI 0.79, 0.81). Of note, caution before firm conclusion is required because of a high degree of heterogeneity and a predominant influence of two large cohorts [77, 99]. Nevertheless, several other studies (which could not be included in the meta-analysis because of incomplete available data) reported similar surprising findings, as briefly discussed below.
In a recent publication summarizing 2018-19 data from a US cohort and a UK cohort, cardioprotective medications like GLP-1RAs were not preferentially prescribed among patients with a history of ASCVD in either region (approximative data derived from illustrations in the publication : US : ≈6.5 % with ASCVD versus ≈9.5 % without ASCVD; UK : ≈1.5 % with ASCVD versus ≈2.5 % without ASCVD) [85]. Findings in 7 168 T2DM patients with and without cardiorenal comorbidities collected in the “Canadian Primary Sentinel Surveillance Network” also showed that GLP-1RAs were less likely to be prescribed to T2DM patients with pre-existing ASCVD or HF (4.6 %) than in those without such comorbidities (11.0 %, P < 0.05) [101]. In the CAPTURE study that estimated the prevalence of established ASCVD and its management in adults with T2DM across 13 countries from five continents, GLP-1RAs with demonstrated CV benefit were used by 21.9% of participants, but no difference was noticed between participants with and without ASCVD, 21.5% and 22.2%, respectively [98]. 
In a retrospective US analysis of claims of adults with T2DM included in a database of commercially insured and Medicare Advantage beneficiaries, patients with prior myocardial infarction or cerebrovascular disease were less likely to start GLP-1RAs rather than DPP-4is (a pharmacological class that showed CV safety but no CV protection in placebo-controlled CVOTs) compared with patients without these conditions (relative risk ratio [RRR] 0.83, 95% CI 0.78, 0.88 for myocardial infarction and RRR 0.77, 0.74, 0.81 for cerebrovascular disease)  [18]. In another US study among a commercially insured population of patients with T2DM, antecedents of coronary artery disease (adjusted OR, 0.95; 95% CI 0.92, 0.98) and cerebrovascular disease (adjusted OR, 0.96; 95% CI 0.93, 0.98) were both independently associated with lower GLP-1RA uptake [77]. In a US study among older adults with T2DM, patients with a history of myocardial infarction, who would benefit from GLP-1RA therapy, were equally likely to start GLP-1RA treatment as were those without such history (OR 0.96, 95% CI 0.90, 1.03) [82]. Even more surprising, patients with cerebrovascular disease, who would also benefit from GLP-1RA therapy [31], were less likely to start such treatment compared with patients without cerebrovascular disease (OR 0.92, 95% CI 0.87, 0.98) [82]. In a pharmaco-epidemiological evaluation in the LEGEND-T2DM study (10 US and seven non-US reports in eight countries from 2011 to the end of 2021), GLP-1RA uptake was lower in patients with ASCVD than in people with no ASCVD over the past decade. Furthermore, no data source provided evidence of a greater increase in the uptake of GLP-1RAs in populations with ASCVD compared with no ASCVD [93]. In two large cohorts recruited either in US or in UK, the use of GLP-1RAs was also found to be lower in patients with ASCVD compared to those without ASCVD, despite a progressive increase in both subgroups [85].
Thus, there is a treatment/benefit paradox as patients with ASCVD, for whom evidence suggests a greater likelihood of benefiting from GLP-1RAs, were less likely to start these cardioprotective drugs. The low use of GLP-1RAs with demonstrated CV benefit, especially in participants with established ASCVD, suggested that most T2DM patients were not managed according to contemporary diabetes [9-11] and cardiology [12] guidelines. Overall, GLP-1RAs (s well SGLT2is) remain largely underused by cardiologists [102, 103]. Multidisciplinary follow-up and collaborative care with primary care physicians and/or endocrinologists are important [104, 105].


[bookmark: _Hlk162727038]Socioeconomic inequities in GLP-1RA use

[bookmark: _Hlk162728923]Real-world evidence showed that the uptake of GLP-1 RAs is reduced in people who live in socioeconomically disadvantaged areas, belong to racial/ethnic minorities or have low income and education level, even though these individuals have a greater burden of T2DM and ASCVD [71]. Such inequities in GLP-1RA use were noticed among patients with T2DM in the US [77], where health insurance coverage could be a concern [106]. However, such inequities were also reported in England in a cross-sectional study [107]. Even when a universal healthcare system is developed as in Denmark, a low socioeconomic status was consistently associated with a lower probability of initiating a GLP-1RA in patients with T2DM [83]. These disparities may widen the socioeconomic gap in clinical outcomes among a population known to be exposed to a high CV risk [97]. As recently discussed [71], advocating for a reduction in the price should be considered as a pivotal initial step to enhance the affordability of GLP-1 RAs among lower socioeconomic groups.
In a US cohort study of more than 80 000 older adults with T2DM and established CVD covered by Medicare Advantage and commercial plans, those in the highest quartile of out-of-pocket cost were 13% less likely to initiate a GLP-1RA when compared with those in the lowest quartile of out-of-pocket costs [108]. In another cohort study of 39 149 individuals with T2DM who had a claim for a GLP-1RA, those with a medium or high co-payment were less likely to have a a proportion of days covered of 80% or greater with a GLP1-RA at 1 year compared with those with a low co-payment. Thus, interventions that reduce out-of-pocket prescription costs may contribute to increase the clinical use of GLP-1RAs and improve adherence to guideline-based therapies [109].


8. Conclusion
Over the last decade, GLP-1RAs have changed the treatment paradigm for patients with T2DM, especially those with or at high risk of ASCVD. These glucose-lowering agents have become a powerful resource for health care providers, not only because they are the most potent antihyperglycemic agents in reducing HbA1c (with a low risk of hypoglycemia) and body weight, but also because they offer cardioprotective effects as shown in both placebo-controlled CVOTs and in real-life retrospective cohort studies as compared with other glucose-lowering drugs. However, both GLP-1RAs remain vastly underused in clinical practice despite their potential benefits, especially in patients with ASCVD (Figure 1). The reasons for the underuse of GLP-1RAs in clinical practice are diverse, from delayed initiation to inadequate premature interruption. Bridging the gap in care of patients with T2DM and ASCVD requires a call to an integrated action ranging from physicians (prescribers) to patients (beneficiaries), including different actors of the health care system such as professional societies, regulators, payers and pharmaceutical industry.




Expert opinion section
Real-life studies carried out in different countries worldwide showed that overall GLP-1RAs are underused for the management of patients with T2DM. A similar observation was reported with SGLT2is [14-16]. More particularly, there is a paradox of an underuse of GLP-1RAs in clinical practice among patients with T2DM at high CV risk (including those with established ASCVD) [17], despite the evidence-based demonstration of CV protection with these glucose-lowering agents in many CVOTs [7, 18, 29]. Addressing this paradox may help reduce the increased morbidity and mortality associated with ASCVD in this population [18, 104, 110]. 
Underuse of glucose-lowering medications associated with cardiorenal protection in patients with T2DM at high CV risk may be explained by both delayed initiation and untimely discontinuation [14]. Poor adherence to and persistence of GLP-1RA therapy may also explain the global underuse of such cardioprotective agents in clinical practice [111]. A real-world cross-sectional survey showed that both T2DM patients and physicians reported gastrointestinal adverse events as a prominent factor for poor adherence to GLP-1RAs and early discontinuation. However, disparities between patient experiences and physician perceptions were revealed, suggesting gaps in physician–patient communication [64]. 
Patients with T2DM who were treated for years with oral antihyperglycemic agents may be reluctant to accept subcutaneous injection when the physician decide to prescribe a GLP-1RA. It is the role of health care providers to explain the potential benefits of GLP-1RAs, especially in patients with or at risk of ASCVD, to give advises to limit the occurrence of adverse gastrointestinal events and to motivate the patient to adhere to this injectable therapy 
Another reason for postponing or discontinuing therapy may be the cost of GLP-1RAs, yet this factor may vary across countries and also may depend on the individual insurance cover.  Improving adherence to guideline-based therapies may require interventions that reduce out-of-pocket prescription costs and more generally the price of such expansive medications. 
[bookmark: _Hlk162709349]
Because of the higher price of GLP-1RAs, their prescription is restricted to specific subgroups and should be justified in many countries. The need for justification of prescription is a constraint upon clinical practice which generates avoidance as a defensive mechanism. In the United States, third party insurance (Medicare formulary restrictions) uses the “prior authorization” mechanism, which makes it difficult for the clinician to simply prescribe GLP-1RAs [112]. Similar restrictions are also present in other national health systems in Europe and other parts of the world, which discourage the free and open use of GLP-1RAs and could contribute to the underuse of these agents even in patients with T2DM and high CV risk.

The positive trend for an increased use of GLP-1RAs in recent years is encouraging and most probably driven by the updated international consensus reports and guidelines published by both diabetologists [9-11] and cardiologists [12]. However, underuse is surprisingly even more apparent among patients at high CV risk (including patients with ASCVD) despite the evidence-based demonstration of cardioprotective effects of these compounds in many CVOTs [17].  The same is true for SGLT2is in patients with T2DM and kidney disease despite their well-documented cardio- and nephroprotective effects [14-16]. Overall, underuse may result from many reasons and different actors may contribute: physicians (prescribers), patients (beneficiaries), health care system, regulatory agencies, and pharmaceutical companies [104]. As already emphasized, a coordinated, multifaceted intervention targeting both physicians and patients can increase prescription of evidence-based therapies such as GLP-1RAs in people with T2DM and ASCVD [104]. Adequate balanced information and proper pragmatic education are the cornerstones to improve both physician awareness and patient drug adherence [113]. 
Of course, the cost-effectiveness is also deeply dependent on the drug price [72] and several studies suggested that the cost-effectiveness of GLP-1RAs is worse compared to that of SGLT2is [73]. A constructive cross-talk between regulatory agencies and pharmaceutical companies would be recommended to insure a majority of patients with T2DM can benefit of glucose-lowering agents with proven cardioprotective properties such as GLP-1RAs at a correct and affordable price [97].
[bookmark: _Hlk162709525][bookmark: _Hlk162690559][bookmark: _Hlk162690605]One key question for the clinician is how to choose between a GLP-1RA and an SGLT2i as both pharmacological medications have been shown to be associated with cardiovascular and renal protection [114, 115]. Obviously, the choice may be influenced by the cost (higher for GLP-1RAs compared with other glucose-lowering drugs), the safety profile (gastrointestinal side effects with GLP-1RAs versus genitourinary infections with SGLT2is), the easiness of administration (generally subcutaneous injection for GLP-1RAs [except for oral semaglutide] versus oral ingestion for SGLT2is). However, the CV and renal risk profile of the patient with T2DM should also be taken into account. While CVOTs and pairwise meta-analyses allow inferences about the overall efficacy and safety of novel glucose-lowering therapies, none of them directly compared clinical outcomes with GLP-1RAs versus SGLT2is. However, the comparative effectiveness of the two drug classes has been assessed in recent network meta-analyses, which found that, in people with T2DM, SGLT2is were superior to GLP-1RAs in reducing hospitalization for HF and a composite kidney outcome, while GLP-1RAs seemed more efficacious in reducing the risk of ischemic stroke [29, 115, 116]. However, it has been suggested that the gap between the cardiorenal benefits of SGLT-2is and GLP-1RAs is narrowing [37]. Furthermore, the superiority of GLP-1RAs regarding the prevention of stroke derived from indirect comparison of CVOT data appear less obvious when comparing cerebrovascular outcomes between patients treated with either GLP-1RAs or SGLT2is in real-life observational studies [117]. The most appropriate selection may appear more difficult in T2DM patients with ASCVD. In the 2018 ADA-EASD expert consensus reports, in people with established ASCVD or with a high risk for ASCVD, GLP-1RAs were prioritized over SGLT2is, as previously discussed [118], but in most recent reports both medications were placed at the same level when ASCVD is present (without HF or CKD) [9-11]. The choice of glucose-lowering agents should be directed by the individual profile of the patient with T2DM, in particular the risk of side effects, patient preferences and the socioeconomic context, besides the presence of comorbidities. As emphasized in the more recent ADA-EASD consensus report, shared decision making between physician and patient is essential to contextualize the evidence on drug benefits, safety and risks [9].  Of note, however, because GLP-1RAs [1] and SGLT2is [119] exert their protective effects at least partly via different mechanisms, a benefit may be expected from a combined therapy, especially in patients with T2DM and very high CV risk [120, 121]. However, no CVOT has specifically tested this combined therapy and no one is ongoing to demonstrate a better CV protection of an association of a GLP-1RA and an SGLT2i over either monotherapy. Furthermore, a GLP-1RA-SGLT2i combination will obviously increase the cost of therapy. Therefore, various health systems are currently reluctant to reimburse this association in absence of a clear-cut demonstration of an add-on value on CV and renal hard clinical outcomes.
In T2DM patients without ASCVD, the rate of prescription of GLP-1RAs is also rather low in clinical practice [78]. However, they are recommended in international guidelines [9-11] considering their favorable effects on glucose control and body weight, to which positive effects on arterial blood pressure, albuminuria, a marker of CKD, and fatty liver may also be added, as discussed in the first part of this review. Even if the add-on value may appear less convincing in T2DM patients without ASCVD than in patients with ASCVD, GLP-1RAs may be considered as a valuable alternative compared to other glucose-lowering patients, especially in overweight/obese patients not reaching glucose control targets [9-11].
In conclusion, bridging the gap between evidence-based CV protection with GLP-1RAs in CVOTs and their underuse in daily clinical practice in patients with T2DM at high CV risk, especially those with established ASCVD, is crucial from a public health viewpoint but obviously remains a challenge in most countries worldwide. 
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Figure 1 ; Gap between favorable clinical evidence and real-world underuse with glucagon-like peptide-1 receptor agonists.
ASCVD : atherosclerotic cardiovascular disease. CVOTs : cardiovascular outcome trials. GLP-1RAs : glucagon-like peptide 1 receptor agonists. MACEs : major adverse cardiovascular events. RCTs : randomized clinical trials.

Table 1 : Comparison of cardiovascular events and mortality with GLP-1RAs versus comparators in meta-analyses of cardiovascular outcome trials and observational retrospective real-life studies.
	
	CVOTs
	Real-life studies

	Reference
	Sattar et al 2021 [3]
	Caruso et al 2022 [54]

	Comparator
	Placebo
	Other active drugs (*) 

	N Studies
	8
	3 - 8

	N patients
	60 080
	45 914 - 118 273

	MACEs
	0.86 (0.80, 0.93) P < 0.0001
	0.70 (0.58, 0.84) P = 0.0002

	CV death
	0.87 (0.80, 0.94) P = 0.0010
	0.66 (0.49, 0.88) P = 0.005

	Myocardial infarction
	0.90 (0.83, 0.98) P = 0.020
	0.90 (0.82, 0.97) P = 0.009

	Stroke
	0.83 (0.76, 0.92) P = 0.0002
	0.82 (0.72, 0.94) P = 0.003

	Hospitalisation for HF
	0.89 (0.82, 0.98) P = 0.013
	0.88 (0.81, 0.95) P = 0.001

	All-cause death
	0.88 (0.82, 0.94) P = 0.0001
	0.61 (0.52, 0.73) P < 0.00001



CV : cardiovascular. CVOTs : cardiovascular outcome trials. HF : heart failure. MACEs : major adverse cardiovascular events.
(*) Other glucose-lowering medications, except sodium-glucose cotransporter 2 inhibitors (SGLT2is)

Table 2 : Trends in the use of GLP-1 during the last decade among patients with T2DM
	Reference
	Country
	First evaluation
% patients on GLP-1RA (date)
	Last evaluation
% patients on GLP-1RAs (date)

	All patients with T2DM (independent of the presence of ASCVD)

	Dave et al 2020  [80]
	US
	10.0 (2013)
	14.0 (2018)

	Eberly et al 2021   [77]
	US
	3.2 (2015)
	10.7 (2019)

	McCoy et al 2021  [82]
	US (Medicare)
	1.5 (2016)
	11.4 (2019)

	
	US (Commercial)
	2.1 (2016
	20.0 (2019)

	Shin et al 2021 [86]
	US (Medicare)
	0.57 (2015)
	1.02 (2017)

	
	US (Clinformatics)
	1.20 (2015)
	3.04 (2019)

	
	US (Marketscan)
	1.76 (2015)
	3.26 (2018)

	Arnold et al 2022  [84]
	US
	2.1 (2014/16)
	2.6 (2017/18)

	Falkentoft et al 2022  [83]
	Denmark (middle-income group)
	7.1 (2015/17)
	17.4 (2018/20)

	Ohsugi et al 2023  [87]
	Japan
	3.6 (2016)
	9.6 (2020)

	Abrahami et al 2023  [85]
	US
	7.1 (2013/17)
	12.6 (2018/19)

	
	UK
	2.5 (2013/17)
	3.5(2018/19)

	Patients with T2DM without ASCVD

	Farmer et al 2021  [81]
	UK
	3.3 (2017)
	4.9 (2020)

	Shin et al 2021 [86]
	US (Medicare)
	0.55 (2015)
	0.91 (2017)

	
	US (Clinformatics)
	1.26 (2015)
	3.02 (2019)

	
	US (Marketscan)
	1.61 (2015)
	3.28 (2018)

	Eberly et al 2021  [77]
	US
	3.1 (2015)
	10.3 (2019)

	Patients with T2DM with ASCVD

	Farmer et al 2021  [81]
	UK
	2.8 (2017)
	4.3 (2020)

	Shin et al 2021 [86]
	US (Medicare)
	0.61 (2015)
	1.15 (2017)

	
	US (Clinformatics)
	0.95 (2015)
	3.09 (2019)

	
	US (Marketscan)
	1.56 (2015)
	3.11 (2018)

	Eberly et al 2021  [77]
	US
	2.8 (2015)
	9.4 (2019)



ASCVD : atherosclerotic cardiovascular disease. T2DM type 2 diabetes mellitus.
Table 3 : Percentages of T2DM patients with or without atherosclerotic cardiovascular disease treated with GLP-1RAs in real-life studies (adapted from reference  [17] )
	Reference
	Country
	Year
	Patients
with ASCVD
	Patients without ASCVD

	
	
	
	N total patients
	% patients on GLP-1RAs
	N total patients
	%  patients on GLP-1RAs

	Weng et al 2019  [99]
	US
	2014-15
	543 938
	5.0
	659 498
	6.2

	Farmer et al 2021  [81]
	UK
	2019-20

	44,808 
	4.3
	100,565
	4.9

	Shin et al 2021  [86]
	US
(Medicare)
	2015-17
	43,142
	0.98
	55,925
	0.73

	Shin et al 2021  [86]
	US (Clinformatics)
	2018-19
	19,001
	2.52
	67,184
	2.57

	Shin et al 2021  [86]
	US (MarketScan)
	2018
	5,482
	3.11
	38,896
	3.28

	Nargesi et al 2021  [94]
	US
	2017-18
	265
	1.6
	191
	0.7

	Eberly et al 2021  [77]
	US
	2019
	815,319
	9.4
	364,941
	11.6 

	Mosenzon et al 2021  [98]
	13 countries
	2018-19
	3582
	8.3
	6241
	8.7

	Limonte et al 2022  [100]
	US
	2017-20
	316
	3.5
	1059
	4.7

	GLP-1RA use in patients with versus without ASCVD : Odds ratio 0.80, 95% CI 0.79, 0.81)



ASCVD : atherosclerotic cardiovascular disease. GLP-1RAs : glucagon-like peptide-1 receptor agonists. T2DM type 2 diabetes mellitus.
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