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Abstract

Patients with type 2 diabetes (T2DM) have a substantial risk of developing cardiovascular disease. The strong connec-
tion between the severity of hyperglycaemia, metabolic changes secondary to T2DM and vascular damage increases
the risk of macrovascular complications. There is a challenging demand for the development of drugs that control
hyperglycaemia and influence other metabolic risk factors to improve cardiovascular outcomes such as cardiovascu-
lar death, nonfatal myocardial infarction, nonfatal stroke, hospitalization for unstable angina and heart failure (major
adverse cardiovascular events). In recent years, introduction of the new drug class of glucagon-like peptide-1 receptor
agonists (GLP-1RAs) has changed the treatment landscape as GLP-1RAs have become well-established therapies in
T2DM. The benefits of GLP-1RAs are derived from their pleiotropic effects, which include appetite control, glucose-
dependent secretion of insulin and inhibition of glucagon secretion. Importantly, their beneficial effects extend to the
cardiovascular system. Large clinical trials have evaluated the cardiovascular effects of GLP-1RAs in patients with T2DM
and elevated risk of cardiovascular disease and the results are very promising. However, important aspects still require
elucidation, such as the specific mechanisms involved in the cardioprotective effects of these drugs. Careful interpre-
tation is necessary because of the heterogeneity across the trials concerning the definition of cardiovascular risk or
cardiovascular disease, baseline characteristics, routine care and event rates. The aim of this review is to describe the
main clinical aspects of the GLP-1RAs, compare them using data from both the mechanistic and randomized con-
trolled trials and discuss potential reasons for improved cardiovascular outcomes observed in these trials. This review

T2DM.

may help clinicians to decide which treatment is most appropriate in reducing cardiovascular risk in patients with
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Background

The prevalence of type 2 diabetes (T2DM) has increased
and approximately 425 million adults aged 20-79 years
are estimated to have diabetes worldwide. If this trend
continues, 629 million individuals will have diabetes
by 2045 [1]. Genetic susceptibility, ageing and obesity
are contributing to the increase in T2DM prevalence
[2]. T2DM is mainly caused by a combination of insulin
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resistance, functional failure of pancreatic beta cells and
excessive or inappropriate glucagon secretion [3]. T2DM
is currently considered a systemic disease in which dys-
function in multiple organs and tissues contribute to
hyperglycaemia [4].

Diabetes is associated with both micro- and mac-
rovascular complications. Long-term damage to the
microvasculature causes nephropathy, retinopathy
and neuropathy [5]. Macrovascular complications are
mainly represented by atherosclerotic ndisease. Dis-
turbances of glucose levels caused by obesity-related
insulin resistance or impaired insulin secretion cause
endothelial and smooth muscle cell dysfunction [6-9].
Unfortunately, most patients have already developed
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vascular complications by the time they are diagnosed
with T2DM. Comorbidities such as obesity, hyperten-
sion, and dyslipidaemia are important contributors to
the increased risk of cardiovascular disease (CVD) in
patients with T2DM. However, unlike non-diabetic
patients, people with T2DM have an increased risk of
CVD that is additional to and independent of conven-
tional risk factors [10, 11]. As a result of the progres-
sive nature of macrovascular and myocardial disease,
T2DM patients have a risk of cardiovascular death or
non-fatal atherothrombotic events similar to or higher
than that of patients who had a previous myocar-
dial infarction (MI) [12]. In the last two decades, sev-
eral studies have demonstrated reductions in the risk
of cardiovascular outcomes and mortality in patients
with T2DM with improved glucose and blood pressure
control and cholesterol-lowering therapies [13-15].
Nevertheless, macrovascular disease remains the most
common cause of death in T2DM patients [16] and new
diabetes therapies are highly desired, especially if they
can offer cardiovascular benefits.

The strong link between T2DM and obesity is closely
related to an impaired crosstalk between the brain and
peripheral organs [17]. The “incretin [INtestine seCRET-
tion INsulin] effect” is defined as the increased stimula-
tion of insulin secretion provoked by oral administration
of glucose compared with intravenous administration at
similar glucose levels. The incretin effect is mainly caused
by the release of the gut hormones glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like pep-
tide-1 (GLP-1), which stimulate insulin secretion from
pancreatic beta cells [18-20]. Incretins also regulate
glucose concentrations, gut motility, lipid metabolism,
immune function, appetite and body weight [21]. The
demonstration that the actions of GLP-1 are reduced
in T2DM [22] led to the development of incretin-based
therapies, including GLP-1 receptor agonists (RAs)
and dipeptidyl peptidase 4 (DPP-4) inhibitors. DPP-4
inhibitors block the degradation of GLP-1 and GIP, thus
extending their insulinotropic effect. The glucose-lower-
ing effects of bariatric surgery and the success of gluca-
gon-like peptide-1 (GLP-1) receptor agonists (RAs) in
the treatment of T2DM have confirmed the importance
of the gut in the maintenance of neural and hormonal
homeostasis in diabetes treatment [22].

This review focuses on clinical aspects of GLP-1RAs
and their effects on cardiovascular outcomes such as
cardiovascular death, non-fatal myocardial infarction
(MI), non-fatal stroke, hospitalization for unstable angina
and heart failure (major adverse cardiovascular events,
MACE). We describe the large recent trials conducted
in T2DM patients with high CVD risk, provide a critical
overview of the resultant cardiovascular outcome data
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and discuss potential explanations for the improved car-
diovascular outcomes reported so far.

GLP-1, its receptor agonists and derived
metabolites

GLP-1, a product of the glucagon gene, is a 30-amino-
acid peptide produced in L-cells of the small intestine.
Within minutes of food intake, the active form of GLP-1
is released into the circulation and activates specific
G-protein coupled receptors. The GLP-1 receptor (GLP-
1R) consists of 463 amino acids and contains eight hydro-
phobic domains. The homologues of the N-terminal
extracellular hydrophobic domain expressed in tissues/
organs such as the hypothalamus, lung, pancreatic islets,
stomach, kidney, intestine and heart are highly preserved.
GLP-1R activation leads to a rapid increase in the levels
of cyclic adenosine monophosphate (AMP) and intra-
cellular calcium followed by glucose-dependent insulin
release. The GLP-1 hormone is rapidly inactivated by the
enzyme dipeptidyl peptidase-4 (DPP-4), with a half-life of
only 1-2 min [23, 24]. Amino acid modifications in the
N-terminus and at certain positions in the C-terminus
are also directly involved in the receptor interaction and
resistance to DPP-4 inhibition, thus prolonging its effect
and half-life [25].

GLP-1 circulates in many different forms, only some of
which are biologically active. The active form of GLP-1 is
GLP-1[7-36]amide, which represents a major secretory
product. Once in the circulation, GLP-1[7-36]amide has
a half-life of less than 2 min, being subject to rapid cleav-
age between positions 8 and 9 by the DPP-4 enzyme to its
N-terminally truncated metabolite GLP-1[9-36]amide,
which does not interact with the GLP-1R. Until recently,
GLP-1[9-36]amide and other GLP-1 metabolites, includ-
ing GLP-1[28-36]amide and GLP-1[32-36]amide, were
considered to be metabolically inactive [26], at least at
physiological concentrations. However, increasing evi-
dence indicates that some of these metabolites have
biological activity that may contribute to the pleiotropic
effects of GLP-1 independently of the GLP-1 recep-
tor [27, 28]. It has been reported that these metabolites
have beneficial cardioprotective [29] and glucoregulatory
actions when administered pharmacologically, such as
reduction in oxidative stress in vascular tissues [30], pro-
tective actions on beta cells [31] and inhibition of gluco-
neogenesis and oxidative stress in hepatocytes [32].

GLP-1[7-36]amide and its metabolites have direct
effects on cardiomyocyte viability, improving cardiac
function, and vasodilation. Most importantly, the differ-
ence in the cardiovascular effects between metabolites is
attracting attention [33]. For example, GLP-1[7-36]amide
exerts cardiovascular effects through a GLP-1R-de-
pendent pathway, whereas GLP-1[9-36]amide exerts its
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effects through a GLP-1R-independent pathway. Thus,
these metabolites have a broad therapeutic potential, as
targeting GLP-1R activation or GLP-1 degradation may
have different cardiovascular consequences.

GLP-1 therapies have been established using two main
approaches: DPP4-resistant GLP-1 agonists/GLP-1RA
and DPP-4 inhibitors, both of which aim to prolong the
life-time of circulating GLP-1[7-36]amide [34]. GLP-
1RAs were developed to activate the GLP-1Rs and to
be resistant or semi-resistant to inactivation by DPP-4,
GLP-1RAs are classified according to their fundamental
structure and pharmacokinetic properties. Some GLP-
1RAs are structurally similar to native GLP-1 with some
amino acid modifications to avoid degradation by the
DPP-4 enzyme. Others were synthetically developed by
replicating the structure of exendin-4, a naturally occur-
ring peptide of 39 amino acids originally isolated from
the saliva of the lizard Heloderma suspectum, which has
GLP-1R-activating properties and is naturally resistant to
degradation by the DPP-4 enzyme [25, 35].

GLP-1RAs are useful tools for the treatment of T2DM,
especially for patients aiming weight loss or to hypogly-
caemia [36]. GLP-1RAs target both fasting and post-
prandial glycaemia, in general by increasing insulin and
decreasing glucagon levels. GLP-1 stimulates insulin
release from the pancreatic islets in response to elevated
glucose levels above fasting levels (glucose-dependent
action), such as after a meal. When administered intra-
venously, GLP-1 does not decrease glucose below fasting
levels [37, 38], therefore the GLP1-RAs are associated
with a low incidence of hypoglycaemia. However, GLP-
1RAs also decrease hepatic gluconeogenesis, improve
insulin sensitivity and delay gastric emptying, poten-
tially promoting central satiety and reducing overall
caloric intake [39]. Furthermore, they enhance beta cell
proliferation and have anti-apoptotic effects, inducing
the biosynthesis of insulin [40, 41]. The most frequently
reported adverse events associated with GLP-1RAs
include nausea, vomiting and diarrhoea [41]. Table 1
presents comparative basic characteristics of GLP-1RAs.
They differ in several other aspects, such as tolerability,
efficacy in reducing weight and glycated haemoglobin
(HbA1lc) and immunogenicity [42].

Exenatide

Exenatide was designed as a recombinant synthetic form
of the peptide exendin-4, and in 2005, was the first GLP-
1RA to be approved by the US Food and Drug Adminis-
tration (FDA) for the treatment of T2DM [43]. Exenatide
was first introduced as a twice-daily injection of 5 mcg
for 1 month, followed by 5 mcg or 10 mcg. A new formu-
lation that consisted of an extended-release, 2 mg once-
weekly injection subsequently showed greater HbAlc
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reduction and better glucose control [39]. Exendin-4
crosses the blood-brain barrier more efficiently than
native GLP-1 [44]. Following peripheral administration,
exenatide has been shown to suppress food intake via
vagal-dependent and vagal-independent pathways that
result in the direct activation of GLP-1R in the central
nervous system. Exenatide is primarily eliminated by the
kidneys via renal filtration and enzymatic degradation in
the tubules [45].

Lixisenatide

Lixisenatide has the exedin-4 backbone and, as a result,
an extended half-life. Approximately 55% of lixisenatide
is bound to plasma proteins. Lixisenatide is administered
as a 10 mcg once-daily injection, titrated to a dose of
20 mcg after 2 weeks [46]. In clinical trials, lixisenatide
decreased HbA1c from baseline (by 0.7% to 0.94%), with
an associated weight loss of 0.2-2.8 kg [35]. Lixisenatide
has a major effect on postprandial glycaemia as a result
of slowed gastric emptying. As monotherapy, it is effec-
tive in reducing HbAlc and fasting and postprandial
glycaemia [47, 48]. Lixisenatide crosses the blood—brain
barrier in animal studies following peripheral administra-
tion [49]. Elimination of lixisenatide is presumed to occur
via renal filtration, tubular reabsorption and metabolic
catabolism. No data are available about the nature and
potential actions of its metabolites [50].

Liraglutide

Liraglutide is a long-acting GLP-1 analogue, produced
by recombinant DNA technology. It has 97% amino acid
homology to endogenous human GLP-1. With a fatty-
acyl moiety on the GLP-1 peptide backbone, it has an
increased half-life as a result of DPP-4 resistance and
non-covalent binding to serum albumin. Liraglutide
should be initiated at a dose of 0.6 mg/day for 1 week and
titrated on a weekly basis to a maximum of 1.8 mg/day.
Liraglutide has been shown to significantly reduce fast-
ing and postprandial glycaemia, as well as HbAlc levels.
It is also associated with a low risk of hypoglycaemia and
weight gain [51]. The significant weight loss reported in
humans with and without T2DM has made liraglutide
an attractive treatment option [52]. Liraglutide is not
excreted via the kidneys, in contrast to GLP-1RAs based
on exendin-4; consequently, its metabolism and excre-
tion are mostly unaffected by a decreased glomerular
filtration rate (GFR) [53, 54]. Liraglutide also crosses the
blood-brain barrier and has anti-apoptotic, anti-inflam-
matory, antioxidant and neuroprotective effects, which
may be of use in the treatment of neurodegenerative
disease [49, 55]. GLP-1 [9-36] amide, a metabolite pro-
duced during liraglutide cleavage by DDP-4, mediates the
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anti-inflammatory effects of liraglutide observed after
intracerebral haemorrhage [56].

Albiglutide

Albiglutide is a long-acting GLP-1RA, developed by
fusing a GLP-1 dimer to recombinant human albumin.
A single substitution of alanine with glycine prevents
albiglutide from being cleaved by DPP-4, which results
in a longer half-life and allows for weekly administra-
tion [57]. Albiglutide has 97% homology to the amino
acid sequence of GLP-1. It augments glucose-dependent
insulin secretion and slows gastric emptying. The initial
dose is 30 mg once weekly [58]. Albiglutide is a large bio-
chemical entity that does not cross the blood—brain bar-
rier, which may possibly underlie the fewer nausea events
experience with albiglutide than with other GLP-1RAs
[59]. However, albiglutide was voluntarily discontinued
by its manufacturer for commercial reasons.

Dulaglutide

Dulaglutide is a long-acting GLP-1RA with two identi-
cal GLP-1 analogue peptide chains linked to an immu-
noglobulin 4 heavy chain, thus limiting renal clearance.
It is approximately 90% homologous to native human
GLP-1 [60]. The alteration of the GLP-1 analogue results
in a long half-life, as well as an improved solubility and
reduced immunogenicity. The initial dose is 0.75 mg sub-
cutaneously (SC) once weekly and may be increased to
1.5 mg once weekly. In a randomized placebo-controlled
double-blind study conducted in 262 obese patients with
diabetes, an HbAlc reduction of approximately 1.28—
1.52% was observed, with a weight loss of 1.40-2.51 kg
[61]. The larger molecular size of dulaglutide may hinder
transport across the blood—brain barrier [42]. Cardiovas-
cular benefits are still under investigation [62], but initial
results have shown that dulaglutide does not increase the
risk of major cardiovascular events in T2DM patients
[63].

Taspoglutide

Taspoglutide is a long-acting GLP-1RA considered to
have potency equivalent to GLP-1 and is entirely resist-
ant to DPP-4 degradation [64]. Taspoglutide was the first
once-weekly GLP-1RA. Administration of taspoglutide
10 or 20 mg once weekly is associated with glycaemic
control and weight loss. Data suggest that taspoglutide
lowers HbAlc by approximately 1.1%. When compared
with exenatide in the T-emerge 2 study, taspoglutide was
associated with a higher incidence of gastrointestinal side
effects and hypersensitivity reactions, which limited its
use and clinical investigation [65, 66]. The manufacturer
suspended late-stage trials in 2010 [67].
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Semaglutide

Semaglutide is a once-weekly GLP-1RA. The long half-
life was achieved by applying the fatty acid acylation
technology that provides specific high-affinity albumin
binding, thus preventing renal filtration. Semaglutide
was approved by the FDA for the treatment of T2DM in
0.5 mg and 1.0 mg doses. An oral form of semaglutide
has also been tested with promising results [68-70]. It is
associated with strong metabolic control and a decrease
in body weight, with a safety profile characteristic of a
GLP-1RA. In clinical trials, semaglutide reduced HbAlc
by 1.5-1.8%, which was significantly more than active
comparators, and was associated with a 4.5-6.4 kg weight
loss [71].

GLP-1 receptor stimulation: diabetes treatment
and cardiovascular benefits

GLP-1RAs are indicated for glycaemic control in T2DM,
are well tolerated and are subcutaneously administered.
They mimic the effects of GLP-1 such as stimulation of
insulin release and inhibition of glucagon release, both
in a glucose-dependent manner. They also have other
effects, including modulation of gastrointestinal motil-
ity and normalisation of fasting and postprandial insulin
secretion. In most patients, GLP-1RAs promote weight
loss over several months (1-4 kg on average) through
satiety stimulation and reduction of caloric intake as
a result of their direct effect on the reward and satiety
areas in the central nervous system [74]. In summary, the
key beneficial features of GLP-1RAs are weight loss and a
relatively low risk of hypoglycaemia compared with other
anti-hyperglycaemic agents [75-77].

Although small increases in heart rate are associated
with the use of GLP-1RAs [78], GLP-1RAs may improve
cardiovascular outcomes [79], in addition to anti-hyper-
glycaemic effect and promoting weight loss. Accumulat-
ing evidence in animals and humans shows that GLP-1R
stimulation has beneficial effects on multiple organ
systems in which GLP-1Rs exist, including the cardio-
vascular system [26]. Cytoprotection is among the pleio-
tropic actions described for GLP-1 in different cell types,
including cardiomyocytes [80]. In isolated rodent hearts,
stimulation of GLP-1R enhanced nitric oxide (NO) pro-
duction, glucose uptake and coronary flow [29, 81]. Vas-
orelaxation was also well described in different rat vessels
[82, 83]. These effects may provide some benefits during
the acute phase of cardiac ischaemia.

GLP-1RAs may also have long-term benefits on the
progression of the underlying atherosclerosis. For
example, liraglutide treatment inhibited progression
of early onset, low-burden atherosclerotic disease
in the apolipoprotein E-deficient (ApoE~’~) mouse
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model [84]. Interesting results were reported by Rizzo
and colleagues, with liraglutide significantly improv-
ing metabolic parameters (triglycerides) and carotid
intima media thickness after 18 months in T2DM
patients with metabolic syndrome [85]. In overweight
patients with stable coronary artery disease and
T2DM, liraglutide increased heart rate and reduced
heart rate variability despite significant weight loss
and improvement in metabolic parameters [86]. On
the other hand, in a small sized and short-term trial,
liraglutide did not improve the systolic function of the
left ventricle during dobutamine stress echocardiog-
raphy or the exercise capacity in patients with T2DM
and stable coronary disease [87].

In heart failure models, GLP-1R stimulation has
shown improvement in cardiac function [88, 89]. In
patients with heart failure, 12 weeks of albiglutide
improved oxygen consumption [90]. Moreover, admin-
istration of exenatide improved cardiac function in
T2DM patients [91].

Another area of intense research is the neurotrophic
and neuroprotective effects of GLP-1R stimulation
in different animal models of stroke, with or without
T2DM [92]. Li and colleagues showed that administra-
tion of exenatide reduced brain damage and improved
functional outcome in a transient middle cerebral
artery occlusion stroke in rodent models [93]. Exena-
tide was also shown to attenuate neuroinflammation
and ameliorate warfarin-associated haemorrhagic
transformation after cerebral ischaemia in mice [94].
Sato and colleagues demonstrated that, in rat models,
liraglutide administered intraperitoneally 2.5 h after
stroke onset induced neuroprotection through up-reg-
ulation of vascular endothelial growth factor (VEGF)
and anti-oxidative effects [95]. Although this body of
evidence is growing, it refers to functional outcomes.
A number of concerns remain, including the exact
mode of action of GLP-1RAs in the brain [96, 97],
and more animal studies are needed to answer these
questions.

While these results are very promising, large clini-
cal studies are required to confirm that GLP-1RAs
have clinically meaningful effects on cardiovascu-
lar outcomes and risk in patients with T2DM. In this
review, we discuss the results of large clinical trials
with exenatide, liraglutide, semaglutide and lixisena-
tide, in which the following exploratory cardiovascular
outcomes were evaluated: cardiovascular death, non-
fatal MI, nonfatal stroke, hospitalization for unstable
angina or heart failure (3- or 4-point major adverse
cardiovascular event [MACE]) [98].
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Reasons for improved cardiovascular outcomes
GLP-1RAs act on multiple organ systems in which
GLP-1 receptors are present or not detected, including
systems not involved in glucose regulation, such as the
cardiovascular system. GLP-1RAs favourably modulate
cardiovascular risk parameters, some of which are inde-
pendent of weight loss, HbAlc reductions or the occur-
rence of severe hypoglycaemia. This potential advantage
of GLP-1RAs has attracted attention, as intensive control
of hyperglycaemia prevents microvascular complica-
tions, such as retinopathy, neuropathy and nephropathy,
whereas macrovascular complications are most impacted
by the control of traditional cardiovascular risk fac-
tors [99, 100]. Mechanisms that link hyperglycaemia
and accelerated atherosclerotic disease have not been
completely explained [101]. They seem to be mediated
by vascular inflammation, endothelial dysfunction and
oxidative stress [102]. However, hyperglycaemia alone
may have only a mild contribution to the risk of cardio-
vascular events, as intensive glycaemic control showed a
small effect on reducing non-fatal MI in up to 17% of the
relative risk reduction [103, 104]. Therefore, optimal anti-
hyperglycaemic treatment should include comprehensive
control of multiple cardiovascular risk factors to improve
macrovascular and microvascular complications, as well
as the effects on reducing glycaemia. GLP-1RAs may
mediate effects on cardiovascular outcomes through
effects on other risk factors such as blood pressure, dys-
lipidaemia, platelet reactivity, endothelial dysfunction,
and insulin sensitivity, as well as direct cardioprotective
effects.

Clinical trial data show that GLP-1RAs can reduce
blood pressure values: exenatide and liraglutide produce
a mean decrease of 1-5mmHg compared with placebo
and other active comparators. These effects occur early
after the start of treatment, suggesting that mechanisms
other than weight loss may be involved [105-107].

Abnormal lipidaemia after a meal, referred to as post-
prandial dyslipidaemia, is linked to increased risk of
morbidity and mortality as a result of CVD in individu-
als with or without T2DM [108]. Patients with T2DM
present with abnormalities such as a higher peak and
later decline of postprandial triglyceridaemia, features
that have been associated with both early coronary artery
and carotid artery atherosclerosis independently of tradi-
tional risk factors [109]. Insulin resistance in the liver and
adipose cells, the compensatory hyperinsulinaemia, as
well as hyperglycaemia and disturbed fatty acid metabo-
lism, have been suggested as the main causes of postpran-
dial dyslipidaemia [110]. In addition to enhancing insulin
secretion, GLP-1RAs may reduce postprandial chy-
lomicron overproduction in T2DM patients via mecha-
nisms that include reduction in intestinal absorption of
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dietary lipids and enhanced hepatic fatty acid oxidation
[111]. Exenatide and liraglutide have been reported to be
equally effective in lowering postprandial dyslipidaemia,
an effect observed immediately after initial administra-
tion [112]. In a double-blind, randomized, placebo-con-
trolled, crossover study with 35 subjects who exhibited
impaired glucose tolerance (n=20) or had recent-onset
T2DM (n=15), a single subcutaneous injection of exena-
tide strongly and consistently inhibited the postprandial
increase of proatherogenic lipids and lipoproteins [113].
It is possible that the effect of GLP-1RAs on postpran-
dial dyslipidaemia may contribute to the attenuation of
macrovascular risk, as well as its effects on body weight,
blood pressure and glycaemia. From an academic point
of view, it is relevant to discern the specific contribution
of this effect, whereas in the clinical field, the possibility
of acting on a wide range of risk factors that contribute to
insulin resistance is one of the most important character-
istics of this drug class.

In the context of T2DM, disturbances in platelet aggre-
gation may be caused by decreased NO bioavailability
and endothelial insulin resistance, as well as the pres-
ence of the NO signalling cascade within the platelet,
contributing to platelet hyperactivity [120]. In the pres-
ence of oxidative stress, platelet hyperactivity has a major
effect on the risk of atherothrombotic events. In a study
in cultured human megakaryocytes, exenatide increased
the release of cyclic AMP and further inhibited platelet
aggregation induced by thrombin, adenosine diphos-
phate or collagen [114-117]. Translationally relevant,
these findings provide novel insights regarding the abil-
ity of GLP-1RAs to attenuate platelet aggregation and
thrombosis by the activation of endothelial NO synthase
and NO production. It is difficult to estimate the contri-
bution of the antiplatelet effect of GLP-1RAs in reducing
the risk of MACE when most patients included in the tri-
als were on antiplatelet therapy. This effect would poten-
tially acquire greater relevance for individuals in primary
prevention settings, such as 20% of the LEADER (Lira-
glutide Effect and Action in Diabetes: Evaluation of Car-
diovascular Outcome Results—A Long Term Evaluation)
trial participants.

In T2DM patients, severe hypoglycaemia is considered
a strong predictor of macrovascular events and death.
During hypoglycaemia, cellular glucose deprivation or
activation of the sympathoadrenal response may lead
to arrhythmias, inflammation, or endothelial dysfunc-
tion and may favour a prothrombotic state [117]. Insulin
resistance increases the risk of cardiovascular disease via
a spectrum of mechanisms that include fatty acid efflux,
inflammation, endothelial dysfunction and atherogenic
dyslipidaemia [118]. GLP-1RAs improve glucose home-
ostasis mainly through their most well-characterised
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effect, augmentation of glucose-stimulated insulin secre-
tion, but also due to increase in insulin sensitivity and in
the risk of hypoglycaemia. In beta cells, GLP-1 stimulates
insulin secretion, insulin gene transcription, islet cell
growth and neogenesis [119].

The cardiovascular effects of GLP-1RAs may also be
mediated by effects on endothelial dysfunction. This
early abnormality in atherosclerotic disease may pre-
cede T2DM diagnosis by many years [120]. Although the
hallmark of endothelial dysfunction is reduction in NO
bioavailability, the functional decline of endothelial cells
reaches a much broader scope, influencing for exam-
ple, thrombogenicity and inflammation [121]. GLP-1RA
treatment may act directly on endothelial cells, thereby
improving elements of endothelial function via direct and
indirect mechanisms. In 2004, Nystrém and colleagues
showed for the first time via a flow-mediated dila-
tion (FMD) technique, that GLP-1 infusion ameliorates
endothelial dysfunction in T2DM patients with estab-
lished coronary artery disease [122]. Exenatide elicits
NO production in endothelial cells through activation of
GLP-1R and AMP-activated protein kinase (AMPK) and,
thus, induces vasorelaxation even when levels of blood
glucose or lipid levels are high [123]. Similarly, in vivo
studies have demonstrated improvement in endothelial
cell function in mice treated with liraglutide, as estimated
by an increased endothelial NO synthase expression and
a decreased production of ICAM-1 (intercellular adhe-
sion molecules-1), a GLP-1R-dependent effect [124].
Moreover, liraglutide attenuated the induction of PAI-1
(plasminogen activator inhibitor type-1) and VCAM
(vascular adhesion molecule) expression in human vas-
cular endothelial cells in vitro [132]. Clinical studies with
underpowered sample sizes have shown mixed results. In
subjects with T2DM (n=20), exenatide, compared with
glimepiride, improved brachial artery function after a
4-month treatment evaluated with FMD [125]. Despite
significant improvements in body composition and gly-
caemic control, treatment with exenatide or liraglutide
for obese T2DM patients (n=11) did not improve vas-
cular function parameters after 6 months [126]. Cer-
tainly, the effect of GLP-1RA on endothelial function in
humans cannot be estimated by these studies because of
the low statistical power or the limitations that led to the
improvement of the FMD technique [127]. The relevance
for this type of studies must be considered from the view-
point of the feasibility of FMD as a surrogate outcome
and, even more so, by the mechanistic ideas that their
findings may reveal.

In the setting of ischaemia—reperfusion (IR) injury,
exenatide has been shown to protect IR-induced
endothelial dysfunction (measured by FMD) through
the opening of adenosine triphosphate-sensitive
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potassium channels in a human IR injury model [128].
Moreover, administration of exenatide at the time of
reperfusion in patients with ST-segment elevation
myocardial infarction (STEMI) treated with primary
percutaneous coronary intervention increases myo-
cardial salvage, thus showing a cardioprotective effect
[129]. Similar results were seen with liraglutide [130].
In 92 patients, a short course of liraglutide in STEMI
patients treated with primary percutaneous coronary
intervention was associated with mild improvement
in the left ventricular ejection fraction and favourable
changes in markers of inflammation and endothelial
function [131].

At least part of this effect occurs via GLP-1R and is
mediated by the AMPK/phosphoinositide 3-kinase
(PI3K)-protein kinase B (Akt) pathway [132]. Accord-
ingly, endothelial and myocardial prevention of IR
lesions has been observed with exendin-4, GLP-1 and
all tested GLP-1RAs. Nevertheless, myocardial protec-
tion for IR injury is equally observed in GLP-1R knock-
out animal models [29, 133], which suggests that
metabolites and indirect pathways equally contribute
to this outcome. Moreover, GLP-1 [9-36] amide and
exendin-4 demonstrated myocardial protection that
was only partially inhibited by GLP-1R blockade [134].

Accumulating evidence suggests that the actions of
GLP-1 degradation products are mediated through
novel receptors distinct from traditional GLP-1R or
passive transport through cellular membranes. GLP-
1[9-36]amide, for example, may interact directly
with the CD36/fatty acid translocator [30]. In addi-
tion, because of its amphipathic structure (N-terminal
domain is hydrophobic and the C-terminal is posi-
tively charged), the small metabolite GLP-1[28-36]
amide can cross cell membranes and, via energy-
independent mechanisms, may interact directly with
intracellular organelles such as mitochondria [135].
The triggering of the mitochondrial response by GLP-
1[28-36]amide results from the binding between its
C-terminal domain and the consensus mitochondrial
targeting sequence or between the tryptophan residue
at position 31 of the peptide and proteins present in
the mitochondria [30, 136]. In summary, both direct
and indirect actions of GLP-1 on mitochondria favour
anti-apoptotic and anti-oxidant actions, in addition to
modifying fatty acid oxidation and energy expenditure
[30]. The protective effect of GLP-1RAs on myocardial
tissue that does not express the GLP-1R classical path-
way suggests that distinct receptors and potentially
metabolites of these agonists may contribute to their
beneficial effects on clinical outcomes.
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Heterogeneity and impact of cardiovascular safety
studies

In 2008, the FDA published diabetes guidelines for the
pharmaceutical industry, thus setting new expectations
for the development of drugs for T2DM. Due to safety
concerns, the guidance mandates that all new antidiabetic
drugs rule out excess cardiovascular risk in long-term
cardiovascular outcome trials (CVOTs). The require-
ments for CVOTs include, among others, selection of
patients from high-risk populations, including individu-
als with established cardiovascular disease, multiple risk
factors and renal impairment. Trials must include at least
2 years of cardiovascular safety data [137].

Since 2008, the results of five large-scale randomized
trials that assessed major cardiovascular outcomes have
been reported with a number of GLP-1RAs: exenatide
(EXSCEL: EXenatide Study of Cardiovascular Event Low-
ering), lixisenatide (ELIXA: Evaluation of Lixisenatide
in Acute Coronary Syndrome), liraglutide (LEADER),
semaglutide (SUSTAIN-6: Trial to Evaluate Cardiovas-
cular and Other Long-term Outcomes with Semaglutide
in Subjects with Type 2 Diabetes) and, more recently,
albiglutide (HARMONY Outcomes: Albiglutide and car-
diovascular outcomes in patients with T2DM and cardio-
vascular disease) and dulaglutide (REWIND: Researching
cardiovascular Events with a Weekly INcretin in Diabe-
tes). These trials were powered to assess non-inferiority
or adequately detect differences between the drug and
placebo regarding cardiovascular outcomes in patients
with T2DM at high risk for cardiovascular events or
established CVD. Thus, they fundamentally differed
from most of the studies included in the pooled analyses
and meta-analyses of incretins, which tended to include
patients at low risk for cardiovascular events. Table 2
provides a summary of the main results.

EXSCEL

Before the EXSCEL trial was completed, the explora-
tory results from a large uncontrolled study population
of 39,275 patients suggested that patients treated with
exenatide twice daily had a significantly lower rate of
cardiovascular events and hospitalisations than patients
treated with other glucose-lowering medications [139].
In contrast to these preliminary findings, the results from
the subsequent randomised, placebo-controlled EXSCEL
trial failed to demonstrate a cardiovascular advantage.
The EXSCEL trial enrolled the largest and most inclusive
patient population of any cardiovascular outcome trial of
the GLP-1RA class. In T2DM patients with an elevated
cardiovascular risk, exenatide 2 mg weekly was com-
pared with placebo. EXSCEL was unique in the inclusion
of patients with a broad range of cardiovascular risks,
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including 26.9% without known cardiovascular events.
Fewer cardiovascular events occurred in the exenatide
group, thus showing cardiovascular safety; however,
exenatide failed to show a significant cardiovascular ben-
efit, with the overall results not significantly different
from the placebo group. No significant differences were
identified in severe hypoglycaemia, pancreatitis, pancre-
atic cancer or medullary thyroid cancer between treat-
ment and placebo [140].

ELIXA

The ELIXA trial included subjects randomised to receive
lixisenatide (starting dose 10 mcg for 2 weeks, maxi-
mum dose 20 mcg) or placebo who were followed for a
median of 25 months. The outcome of this study was the
time to first MACE using a composite of 4 cardiovascu-
lar outcomes, and the study was powered to detect both
non-inferiority and superiority. ELIXA was the first ran-
domised, double-blind, non-inferiority cardiovascular
outcome trial of a GLP-1RA to be reported. Only patients
with previous acute coronary events were included in the
trial. The results indicated similar rates of the primary
composite outcome in both groups and no significant
differences between the groups when components of the
primary outcome were assessed independently. Moreo-
ver, there were no significant differences between the
groups regarding hospitalisations for heart failure; this
pattern persisted when analysed with the inclusion of
hospitalisations for coronary revascularisation. Lixisena-
tide was not associated with an increased rate of serious
adverse events or severe hypoglycaemia and exhibited a
modest benefit on weight control [141].

LEADER

The LEADER trial investigated cardiovascular outcomes
in patients with T2DM treated with liraglutide or pla-
cebo in addition to standard care [137]. Patients were
randomised to receive either liraglutide 1.8 mg (or maxi-
mum tolerated dose) or placebo once daily. The median
follow-up for each group was 3.8 years. Approximately
80% of patients in each arm had established CVD or
CKD and 20% had no established CVD disease but cardi-
ovascular risk factors. The primary outcome was the time
to occurrence of a MACE, using a composite of three
cardiovascular outcomes. In patients who received lira-
glutide, there was a reduction in both all-cause mortality
and 3-point MACE. Although these patients had a lower
overall risk of death from cardiovascular causes, the rates
of non-fatal MI (6.0% vs. placebo 6.8%; hazard ratio [HR]
0.88; 95% confidence interval [CI] 0.7-1.03; P=0.11) and
non-fatal stroke (3.4% vs. placebo 3.8%; HR 0.89; 95% CI
0.72-1.11; P=0.30) remained similar. In patients with
established CVD, the primary endpoint rates were 14%
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in the liraglutide and 16.7% in the placebo group, which
corresponds to an absolute risk reduction of 2.7% or an
number needed to treat (NNT) of 37. There was also no
difference between the groups in the rates of heart failure
hospitalisations. The incidence of a composite outcome
of renal or retinal microvascular events was lower in the
liraglutide group, driven by a lower rate of nephropathy
events in this group than in the placebo group (1.5 vs. 1.9
events per 100 patient-years, respectively; HR 0.78; 95%
CI, 0.67-0.92; P=0.003) [138].

Kaplan—Meier cumulative event curves for 3-point
MACE started to separate lately at 12—-18 months from
randomisation. The same was true for death from car-
diovascular causes and death from any cause, which may
suggest that at least part of liraglutide effect on cardio-
vascular events was mediated by its anti-atherosclerotic
effect. However, in comparison to classic diabetes stud-
ies (aimed at achieving near-normoglycaemia) in patients
with T2DM, the cardiovascular effects of GLP-1a were
detected relatively early [138]. In the United Kingdom
Prospective Diabetes Study (UKPDS), intensive glucose-
lowering therapy in patients with T2DM was associated
with a reduced risk of clinically evident microvascular
complications [103]. A post-trial extended follow-up
suggested that a significant reduction in macrovascu-
lar events may occur at long-term [13]. The ACCORD
(Action to Control Cardiovascular Risk in Diabetes)
study was a 20-year investigation comparing the effects
of diet to sulfonylureas or insulin [142]. The pre-specified
primary outcome was the first occurrence of non-fatal
MI, non-fatal stroke or death from cardiovascular causes.
Differences between the primary outcome curves and the
curves for death from any cause took years to emerge.
Intensive glucose-lowering was associated with a reduc-
tion in the primary combined outcome but this was also
associated with a significant increase in mortality. The
ADVANCE (Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled
Evaluation) study also compared intensive to standard
therapy in T2DM. The primary outcomes included a
composite of macrovascular events (non-fatal MI, non-
fatal stroke or cardiovascular-related death) and major
microvascular events (new or worsening nephropathy
or retinopathy). Although there was a reduction in the
microvascular outcome, there was no change in the inci-
dence of macrovascular events after 5 years [104]. The
Veterans Affairs Diabetes Trial (VADT) showed that
intensive glucose lowering, as compared with standard
therapy, did not significantly reduce the rate of major
cardiovascular events among 1791 military veterans.
After nearly 10 years of post-trial extended follow-up,
patients with T2DM who had been randomly assigned to
intensive glucose control had fewer major cardiovascular
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events, although no improvement was seen in the rate of
overall survival [143].

The beneficial effects of liraglutide on cardiovascular
events and death appear to be independent of the lower
incidence of severe hypoglycaemia, reported in a post
hoc analysis of the LEADER study [144].

SUSTAIN-6

The SUSTAIN-6 randomised, placebo-controlled trial
was designed to assess the non-inferiority of semaglu-
tide compared with placebo for cardiovascular safety in
patients with T2DM. Baseline CVD was present in 83%
of patients. The SUSTAIN-6 trial demonstrated that
treatment with once-weekly semaglutide 0.5 or 1.0 mg
subcutaneously for 2 years significantly reduced cardio-
vascular risk. Although the study was not designed to test
superiority, the semaglutide group had significantly lower
rates of cardiovascular events than placebo. This reduc-
tion in MACE was driven by significantly more non-
fatal stroke in the placebo group than in the semaglutide
group, whereas there were no differences in death from
a cardiovascular cause or in non-fatal MI. The rates of
nephropathy were lower with semaglutide: new or wors-
ening nephropathy was 3.8% in the semaglutide group
and 6.1% in the placebo group (HR 0.64; 95% CI, 0.46—
0.88; P=0.005). Moreover, complications of retinopathy
were unexpectedly higher with semaglutide (3.0% vs.
1.8% in the placebo group; HR 1.76; 95% CI, 1.11-2.78;
P=0.02). Subgroup analyses showed that retinopathy
complications were more likely in patients who had rapid
HbAlc lowering during the trial regardless of the treat-
ment arm [145].

HARMONY
The HARMONY study was the latest large CVOT trial
published. It enrolled 9463 patients to receive either albi-
glutide, administered subcutaneously once weekly or
placebo in a 1:1 ratio over a median period of 1.6 years
[146]. Included patients had T2DM, were 40 years old
or older and had a diagnosis of established disease of the
coronary, cerebrovascular or peripheral arterial circula-
tion. Patients with severe CKD were excluded. Albiglu-
tide reduced the risk of MACE by 22% (95% CI 10-32%)
when added to standard care in patients with T2DM and
CVD. The HRs were 0.93 (95% CI 0.73-1.19) for death
from cardiovascular causes, 0.75 (0.61-0.90) for myocar-
dial infarction and 0.86 (0.66—1.14) for stroke. Tolerabil-
ity and safety were acceptable. Despite the short duration
of follow-up, this study added more evidence to support
the hypothesis that GLP-1-receptor agonists can improve
cardiovascular outcomes in patients with T2DM.

The cardiovascular outcomes associated with exedin-4,
GLP-1- and non-GLP-1-based therapies are depicted in
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the forest plot in Figs. 1 and 2. Compared with exedin-
4-based therapies and non-GLP1-based therapies, the
combined results from LEADER, SUSTAIN-6 and HAR-
MONY studies showed a significantly reduced risk of
MACE, MI and cardiovascular death, supporting the
possible beneficial cardiovascular effect of GLP-1-based
therapies. Heterogeneity among trials for the analysed
end points was not significant, except for cardiovascular
death that became significantly lower only after GLP-1-
based therapies. Although this finding is consistent with
the more pronounced effect of GLP-1 based therapies on
the incidence of MACE and MI, one cannot rule out that
the differences are simply the result of variations in the
populations studied.

REWIND

The REWIND trial was designed to evaluate the effect
of the addition of once-weekly administered dulaglutide
on the standard of care for patients with T2DM in the
incidence of cardiovascular events [147]. Patients with
HbA1c<9.5% using a maximum of 2 classes of antidia-
betic drugs, aged 50 years or older if they had previous
cardiovascular disease or 60 years or older if they had at
least 2 other cardiovascular risk factors were enrolled.
Individuals with an estimated glomerular filtration rate
(eGFR) <15 mL/min/1.73 m? a gastric emptying anom-
aly, anterior pancreatitis, liver disease, or medullary car-
cinoma of the thyroid gland were excluded. The primary
cardiovascular endpoint of the REWIND study was 3-P
MACE, i.e. cardiovascular death or non-fatal MI or non-
fatal stroke. Secondary endpoints were each component
of the primary composite endpoint, retinal or renal dis-
ease, hospitalization for unstable angina, heart failure
requiring hospitalization, and all-cause mortality. Safety
outcomes included acute pancreatitis, severe gastroin-
testinal pain, pancreatic, thyroid, or other cancer, severe
hypoglycaemia. The study was completed and its positive
result in reducing the primary combined event was pre-
liminarily released. Details of your results should be pub-
lished later in this year.

Critical overview of the RCTs

Although these trials have been conducted separately,
with diverse types of patient cohorts and different
degrees of background CVD, the patient populations
in all trials were more similar than different. LEADER,
SUSTAIN-6 and HARMONY reported favourable out-
comes. The differences in cardiovascular outcomes were
apparent by 12 months, which suggests that the effects
observed were likely unrelated to differences in the glu-
cose-lowering efficacy. The heterogeneity in cardiovas-
cular outcomes may be the result of differences in the
study designs and populations, treatment durations,



Sposito et al. Cardiovasc Diabetol

(2018) 17:157
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Fig. 1 Forest plots showing the effects of GLP-1- and non-GLP-1-based therapies on a MACE, b myocardial infarction

a Effect of GLP1 and non-GLP1-based therapies on MACE
Events, Events, %
Trial RR (85% Cl) Treatment Control Weight
Exendin-4-based trials X
ELIXA T 1.02(0.89, 1.16)  406/3440 399/3433 10.58
EXSCEL T 0.94 (0.86, 1.03) 839/8195 905/8301 23.81
Subtotal (I-squared = 0.0%, p = 0.330) <> 0.96 (0.89,1.04)  1245/11635  1304/11734  34.39
GLP-1 analog trials
LEADER —— 0.89 (0.80, 0.99) 608/5276 694/5366 18.22
SUSTAIN 6 —— 0.76 (0.59, 0.96) 108/1756 146/1795 3.82
HARMONY —_— 0.80 (0.70, 0.92) 338/5069 428/5160 11.23
Subtotal (l-squared = 15.4%, p = 0.307) Q 0.85 (0.78, 0.91) 1054/12101 1268/12321 33.28
Non-GLP-1-based therapies ;
ACCORD D 0.95 (0.83, 1.10) 352/5480 371/5494 9.81
Advance —la—— 0.95 (0.85, 1.06) 557/6128 530/6159 15.59
VADT _ 0.91 (0.78, 1.06) 235/1134 264/1156 6.92
Subtotal (I-squared = 0.0%, p = 0.881) <>- 0.94 (0.87,1.01)  1144/12742  1225/12809  32.32
Overall (I-squared =27.2%, p =0.212) O 0.92 (0.88, 0.96) 3443/36478 3797/36864 100.00
T ’ T
7 1 1.3
Active better Placebo better
b Effect of GLP1 and non-GLP1-based therapies on Incident Ml
Events, Events, %
Trial RR (95% Cl) Treatment Control Weight
Exendin-4-based trials .
ELIXA T—f——  1.03 (0.88, 1.21) 270/3304 261/3295 14.05
EXSCEL - 0.98 (0.86, 1.11) 466/7822 480/7876 25.72
Subtotal (I-squared = 0.0%, p = 0.606) <> 1.00 (0.90, 1.10) 736/11126 74111171 39.77
GLP-1 analog trials E
LEADER —— 0.87 (0.75, 1.01) 292/4960 339/5011 18.13
SUSTAIN 6 —1 0.74(0.51,1.07)  47/1695 64/1713 3.42
HARMONY e —r 0.76 (0.63, 0.92) 181/4912 240/4972 12.82
Subtotal (I-squared = 0.0%, p = 0.492) <> 0.82(0.73,0.91)  520/11567  643/11636  34.38
Non-GLP-1-based therapies -
ACCORD —— 0.83 (0.69, 1.00) 205/5333 248/5371 13.29
Advance ——t—— 0.98(0.79, 1.22) 153/5724 156/5725 8.39
VADT _— 0.83 (0.60, 1.14) 64/963 78/970 4.18
Subtotal (l-squared = 0.0%, p = 0.485) <> 0.88 (0.77, 1.00) 422/12020 482/12066 25.85
Overall (I-squared = 30.7%, p = 0.183) @ 0.90 (0.85, 0.96) 1678/34713 1866/34933 100.00
T * T
6 1 1.3
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Effect of GLP1 and non-GLP1-based therapies on CV Deaths
Events, Events, %

Trial RR (95% Cl) Treatment Control Weight
Exendin-4-based trials .
ELIXA —_— 0.99 (0.80, 1.23) 156/3190 15813192 11.26
EXSCEL —T 0.90 (0.78, 1.03) 340/7696 38377779 27.16
Subtotal (l-squared = 0.0%, p = 0.466) <'>> 0.92 (0.82, 1.04) 496/10886 541/10971 38.42
GLP-1 analog trials E
LEADER — 0.80 (0.67, 0.95) 219/4887 27814950 19.69
SUSTAIN 6 —_— 0.96 (0.64, 1.44) 44/1692 46/1695 3.28
HARMONY —_— 0.94 (0.74, 1.20) 122/4853 130/4862 9.26
Subtotal (I-squared = 0.0%, p = 0.473) <> 0.86(0.75,0.98)  385/11432  454/11507  82.23
Non-GLP-1-based therapies :
ACCORD H — > 1.42(1.10, 1.85) 135/5263 94/5217 6.73
Advance —r 0.88 (0.75, 1.04) 253/5824 289/5858 20.54
VADT — ) 1.29 (0.80, 2.07) 38/937 29/921 2.09
Subtotal (l-squared = 80.5%, p = 0.006) '.<> 1.03 (0.91, 1.18) 426/12024 412/11996 29.36
Overall (l-squared = 56.5%, p = 0.024) < 0.93(0.87,1.01)  1307/34342  1407/34474  100.00

T ; T

6 1 1.8

Active better Placebo better

Fig. 2 Forest plots showing the effects of GLP-1- and non-GLP-1-based therapies on cardiovascular death

pharmacokinetic and pharmacodynamic properties or
structural similarity to human GLP-1 [148]. In these large
clinical trials of GLP-1RAs, reduced stroke incidence
was only seen with semaglutide in the SUSTAIN-6 study
[149], although stroke incidence was included in the effi-
cacy outcomes, as MACE, in all such trials.

The ELIXA study had a shorter duration, and because
lixisenatide is short-acting, patients were not exposed to
the drug for most of the day. However, it must be consid-
ered that ELIXA patients had recently manifested acute
coronary syndrome (ACS; <180 days) and, as such, had
a significant driver of cardiovascular risk compared with
stable chronic patients. After an ACS event, the homing
of monocytes and activation of the systemic inflamma-
tory response acutely intensify the vulnerable phenotype
of coronary atherosclerotic plaques that causes approxi-
mately 50% of recurrent events in the first year of
follow-up. In addition, the persistent increase in throm-
bogenicity favours the recurrence of coronary events. If
the benefit in the protection from ischemia reperfusion
injury is most clearly expressed among individuals at
high risk for ACS, non-ischaemic effects of these GLP-
1RAs may be camouflaged by the decreased signal-to-
noise ratio.

As previously discussed, the EXSCEL trial included a
wide range of patients with T2DM, and the primary end-
point did not reach statistical significance (P=0.06). The
secondary analysis of total mortality showed a reduction
of 14% with alpha <0.05; however, it was not considered
significant by a well-established hierarchical criterion
in which analyses of the secondary endpoints can only
be made when the primary outcome is significant. Post
hoc exploratory analyses must always be considered
with caution. Without disregarding this fact, it remains
noteworthy that the primary outcome reached statistical
significance with approximately 10% relative risk reduc-
tion following the exclusion of 30% of patients who were
on primary prevention. Similarly, statistically significant
heterogeneity between primary and secondary preven-
tion patients was identified in the LEADER trial, which
suggests a patient-related effect rather than a drug-
related mechanism. More research is required to confirm
whether the cardiovascular benefits persist in T2DM
patients without established CVD, as well as in patients
without T2DM.

Concerning heart failure, to date this issue has been
assessed as a secondary safety objective in large clinical
trials of patients with T2DM. In contrast to the results
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obtained in many animal models, results in humans are
not remarkable [80]. However, there was no increase in
the risk of hospitalisation due to heart failure in all the
prospective cardiovascular outcome trials discussed
above, indicating a neutral effect. The FIGHT trial was
a small study enrolling 300 HF patients with reduced
ejection fraction (<40%) and recent hospitalization to
receive either liraglutide or placebo daily. The use of lira-
glutide did not change the incidence of the combined pri-
mary endpoint death rate or rate of hospitalization [150].
Several studies are being conducted to evaluate the effect
of GLP-1a on cardiac function. The ongoing clinical trial
Effects of Liraglutide in Young Adults with Type 2 Diabe-
tes (LYDIA) is investigating changes in cardiac structure
and function in younger (ages 18—40) obese patients with
T2DM treated with liraglutide to determine effects on
cardiac diastolic function [151].

Conclusion and future perspectives

The use of GLP-1RAs is now a well-established practice
in both the early and late stages of T2DM. However, fur-
ther research into several significant aspects is on-going,
such as improvement of treatment adherence with oral
and inhaled formulations. A trial investigating the cardio-
vascular safety of oral semaglutide in patients with T2DM
(NCT02692716) is currently on-going [152]. Other inter-
esting areas of research include the use of osmotic pump
systems, the combination of GLP-1RAs with basal insulin
therapy and the potential use of GLP-1RAs in the treat-
ment of type 1 diabetes. Sodium-glucose co-transporter
2 inhibitors (SGLT2i), like GLP-1RAs, have been shown
to reduce cardiovascular mortality and hospitalisation
for heart failure in high-risk patients with T2DM [153].
A recent network meta-analysis showed that the small
difference in the decrease in cardiovascular mortality
between SGLT2i and GLP-1RAs was not statistically sig-
nificant [154]. Although provocative, this type of meta-
analysis is intrinsically tied to biases related to clinical
severity and differences in complementary treatments,
particularly in the placebo groups. For example, the inci-
dence of MACE in the placebo group of the SGLT2i stud-
ies is higher than that of the GLP-1a studies, generating
substantial, non-statistically scalable heterogeneity. The
combination of GLP-1RAs and SGLT2i is an exciting
speculation for the future, as this combined therapy may
produce additive cardiovascular benefits in patients with
T2DM [155]. The development of other peptide hor-
mones that stimulate insulin secretion and regulate appe-
tite is promising, such as dual co-agonists developed in a
single molecule, the stimulation of both the GLP-1 and
peptide-YY receptor pathways and the co-administration
of glucagon and GLP-1 [42].
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Emerging data on the cardiovascular benefits associ-
ated with GLP-1RA treatment in patients with T2DM
and an elevated risk of CVD are encouraging, particu-
larly for liraglutide and semaglutide. However, the defi-
nition of cardiovascular risk or CVD varies across the
trials, as do baseline characteristics, trial duration, rou-
tine care and event rates. Furthermore, the associated
diseases and disease severity differ among the enrolled
patients, which makes comparison of cardiovascular
outcomes difficult. GLP-1RAs have been shown to have
advantageous pleiotropic effects, acting in multiple
organ systems, with potential cardiovascular benefits.
Large trials are still necessary to confirm the potential
efficacy of GLP-1RAs in improving the stroke outcomes
specifically [95]. In addition, while stroke prevention
should be the goal in a high-risk population such as
T2DM patients, it is also extremely important to know
if treatment is able to decrease damage and improve
functional outcomes after stroke. To this end, exenatide
is being evaluated in a study of hyperglycemic patients
with suspected stroke and in patients receiving throm-
bolytic therapy for stroke [156].

GLP-1RAs have transformed the way we view dia-
betes treatment. Although the published data are very
promising, important aspects require elucidation,
including the specific mechanisms by which these
drugs may generate cardiovascular benefits. The struc-
tural differences between the various GLP-1RAs may
result in unique clinical profiles and should be con-
sidered when selecting a GLP-1RA for an individual
patient. This new patient-oriented approach may ben-
efit T2DM patients with high cardiovascular risk, espe-
cially for safety reasons.
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