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Abstract
Diabetes Mellitus is one of the most important causes of cardiovascular disease in the United States and worldwide. Few
antidiabetic drugs (e.g. Rosiglitazone) have faced cardiovascular (CV) safety related controversies in the recent past. The
FDA mandatory advisory states that the CV safety concerns of any new antidiabetic drug should be thoroughly addressed
in a dedicated longitudinal outcome trial. Liraglutide, a long-acting GLP-1 agonist, approved as a 2nd line agent in the
treatment of type 2 diabetes mellitus (DM), has shown some promising effects on the cardiovascular system in various
preclinical and early clinical studies. In accordance with the FDA recommendation, a large, multicenter trial (LEADER)
was undertaken in 2010 to look for long-term CV outcome data on liraglutide. Primary outcome (Death due to CV causes,
nonfatal MI or, nonfatal stroke) occurred in significantly fewer patients in the liraglutide group, with a lower incidence of
cardiovascular and all-cause mortality. Besides, a better glycemic control, fewer hypoglycemic events, significant weight
loss, and beneficial effects on nephropathy were observed in patients on Liraglutide. ELIXA trial on Lixisenatide did not
reveal any significant CV benefit. So, Results from the ongoing CV outcome trials on other GLP-1 agonists (EXSCEL for
Exenatide, HARMONY for Albiglutide, and REWIND study for Dulaglutide) will guide us better to determine whether the
observed benefit is indeed a class effect or a molecule effect. Here we have summarized all the cardiovascular outcome

data so far available on liraglutide, with special reference to the recently published LEADER trial results.

Keywords: Liraglutide and cardiovascular mortality; Liraglutide and myocardial ischemia; Extra-glycemic effects of

GLP-1; Cardiac function of GLP-1; GLP-1 on endothelial function; Liraglutide and weight loss.
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Abbreviations: LEADER: Liraglutide Effect and Action
in Diabetes: Evaluation of cardiovascular outcome
Results; NCEP: National Cholesterol Education Program;
GIP: Glucose-dependent Insulinotropic Polypeptide;
EASD: European Association for the Study of Diabetes;
PAI: Plasminogen Activator Inhibitor; E-NOS: Endothelial
Nitric Oxide Synthase; MACE: Major Adverse
Cardiovascular Event; RAGE: Receptor for Advanced
Glycation End products; CABG: Coronary Artery Bypass
Grafting.

Introduction

Diabetes Mellitus (DM) is the most important non-
communicable disease of the modern era, currently
affecting approximately 29.1 million people in the United
States. Every year, on an average, a whopping 1.7 million
new cases of diabetes are found in individuals of 20 years
of age or, older. It was the seventh leading cause of
mortality in US population in the year 2010, with the
cardiovascular mortality being 1.7 times higher in adults
with diabetes, compared to those without it [1].
Hospitalization rate due to CV events (myocardial
infarction or, stroke) is also found to be higher among
patients with diabetes [2]. Diabetes mellitus, with its
various micro and macro vascular complications, is
considered as one of the most weighed cardiovascular
risk factors, and labeled as CHD-equivalent as per NCEP
(National Cholesterol Education Program) expert panel
report [3].

Among the available therapeutic options for the
treatment of type 2 diabetes mellitus, several newer
classes of drugs have come up in recent years, like
molecules targeting the incretin system (e.g. GLP-1
receptor agonists, DPP-1V inhibitors) or, drugs acting on
the renal glucose excretion (SGLT-2 inhibitors), alongside
the trusted ones, insulins and metformin. After all the
cardiovascular safety related controversies regarding
rosiglitazone, USFDA recommended that CV risk concerns
should be addressed more thoroughly during the
development of a new antidiabetic drug [4].

GLP-1 agonists (e.g. exenatide, liraglutide, lixisenatide,
etc.) are drugs acting on the incretin system of our body,
with several established beneficial effects like weight loss
and blood pressure reduction, along with a better
glycemic control in diabetics. The DURATION-6 trial
reported a better glycemic control with liraglutide,
compared to exenatide [5]. Several preclinical and early
clinical studies have shown a spectrum of
cardioprotective effects of liraglutide. Few meta-analysis
performed in the recent past confirmed the
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cardiovascular safety of GLP-1 receptor agonists as well
[6]. But, following the FDA advisory for the longitudinal
outcome data in all newer antidiabetics, a large
multicenter, international trial was undertaken in 2010,
namely LEADER (Liraglutide Effect and Action in
Diabetes: Evaluation of cardiovascular outcome Results-
NCT01179048) trial (Table 1). Very recently the results
of this trial have been published, showing a significant
cardiovascular benefit in patients on liraglutide [7].
Hence, our review aims to summarize all the
cardiovascular outcome data so far available on
liraglutide, with special reference to the recently
published LEADER trial results (Table 2).

Importance of CV outcome data on newer Anti
diabetics

Diabetes itself is the most important cause of
cardiovascular morbidity and mortality in the United
States and worldwide. Few antidiabetic drugs have been
found to be associated with adverse CV outcomes. There
was one such huge controversy regarding rosiglitazone,
when a meta-analysis of 42 RCTs was published in 2007,
showing a statistically significant increased risk of
myocardial infarction (OR 1.43) in patients on
rosiglitazone. In the same study, the odds ratio for
cardiovascular mortality in rosiglitazone group
(compared to control group) was 1.64 (95% CI, 0.98 to
2.74; p =0.06) [8]. Following this study, the American
Diabetes Association (ADA), the European Association for
the Study of Diabetes (EASD), and subsequently the FDA
put a restriction on using rosiglitazone in diabetic
individuals. However, later in 2013 FDA finally removed
the restrictions, following the analysis of the RECORD trial
data, which failed to show any significant increase in CV
risk with rosiglitazone, when compared to other standard
antidiabetic medications [9,10]. After this controversy
FDA came up with a guideline to address the CV safety
concerns of antidiabetic drugs more thoroughly, and since
then, there has been a profound change in the way a new
antidiabetic drug is evaluated and brought to the market
[4]. So, in accordance with the mandatory advisory, the
endpoints like cardiovascular mortality, the incidence of
myocardial infarction, stroke, and hospitalization for
heart failure, were included in the most recent clinical
studies on novel antidiabetic drugs.

Among studies with DPP-4 inhibitors, the SAVOR-TIMI
53 trial (saxagliptin) and EXAMINE trial (alogliptin)
satisfied the required CV endpoint criteria, with no
increased risk for CV events compared to placebo. There
was a concern over an increased risk of hospitalization for
heart failure in patients getting DPP-4 inhibitors, as noted
in both these trials [11,12]. However, the recently
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published TECOS (sitagliptin) trial data did not reveal any
similar concerns [13]. Regarding the other newer drug
class SGLT-2 inhibitors, the recently published results of
EMPA-REG study (with empagliflozin) showed a
significantly lower incidence rate of MACE (major adverse
cardiovascular event), hospitalization for heart failure,
and CV mortality in patients on empagliflozin, as
compared to placebo [14]. In the drug class of GLP-1
agonists, ELIXA study (ClinicalTrials.gov id.
NCT01147250) looked into the effects of lixisenatide on
CV outcome in patients with type 2 diabetes and a recent
ACS, and no significant difference was observed between
lixisenatide group and place bo group with regard to the
primary CV endpoints [15]. LEADER trial (NCT01179048)
for liraglutide, initiated in the year 2010, has recently
come up with the CV outcome data [7]. Among the other
large, multicenter studies involving GLP-1 receptor
agonists, the HARMONY study (NCT02465515) for
albiglutide, REWIND study (NCT01394952) for
dulaglutide, and EXSCEL study (NCT01144338) for the
once-weekly formulation of exenatide are ongoing, and
results are expected in the next few years [16-18]. The
key characteristics of all the completed and ongoing CV
outcome trials on GLP-1 agonists are summarized in
Table 3.

GLP and GLP-1 Agonists

Incretin-based therapy is one of the major emerging
second-line agents for the treatment of type 2 diabetes
mellitus. In the year 1960, it was first shown that the oral
administration of glucose causes more insulin secretion
than parenteral glucose. The incretin hormones are
responsible for nearly 50-70% of postprandial insulin
secretion [19]. Primarily two incretin hormones, namely
glucose-dependent insulinotropic polypeptide (GIP) and
glucagon-like peptide-1 (GLP-1), are responsible for the
excess secretion of insulin after an oral glucose load. GIP
consists of 42 amino acids and was first isolated from the
porcine gut mucosa. It is synthesized and secreted from
the intestinal K-cells. Besides augmenting the
postprandial insulin secretion, it also inhibits gastric
emptying and acid secretion [20]. GLP-1 is secreted by
ileal L-cells in response to the presence of carbohydrate,
protein or fat inside the intestinal lumen. After release, it
is rapidly metabolized by the enzyme dipeptidyl
peptidase IV (DPP-4), and its half-life is near about 2
minutes. In DPP-4 deficient mice model, circulating GLP-1
and GIP have found to be elevated [21,22]. Two different
strategies for treating diabetes have been devised, based
on the incretin physiology. These includes using a GLP-1
receptor agonist or inhibiting DPP-4 enzyme to prevent
the breakdown of GLP-1. Synthetic GLP-1 agonists are
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resistant to degradation by the enzyme DPP-4. GLP-1
increases glucose-dependent insulin secretion and insulin
sensitivity, inhibits glucagon release, delays gastric
emptying, and increases the beta cell mass [23]. It also
acts centrally to enhance early satiety, decrease the
pleasure associated with food, and reduce the food intake
[24].

Exenatide was the first GLP-1 agonist approved by FDA
in the year 2005. Subsequently, liraglutide, dulaglutide,
and lixisenatide were approved. These agents are
commonly used in addition to 1st line antidiabetic agent
like metformin. The advantage of these agents is once
daily or, even once weekly dosing of some GLP-1 agonist
preparation, the only limitation being the high cost of
therapy. The wuse of GLP-1 agonist and insulin
simultaneously has been approved recently by ADA and
EASD [25]. Recently an FDA advisory panel voted for the
use of long-acting insulin degludec with liraglutide [26].
Liraglutide (NN2211, Victoza; Novo Nordisk of Bagsvaerd,
Denmark) was approved on January 25, 2010, by USFDA
for the treatment of type 2 diabetes mellitus and on
December 23, 2014, for the treatment of obesity [27, 28].
It is a long- acting GLP-1 receptor agonist, which is
administered as subcutaneous once daily. DURATION-6
trial (n= 911 patients) showed that there was a greater
reduction in HbA1lc level with liraglutide (-1.48 %) with
liraglutide, in comparison to once weekly exenatide (-1.28
%) over 26 weeks [5].

Liraglutide - a long-acting GLP-1 agonist
» Anacylated GLP-1 agonist with 97% amino acid
sequence homology to endogenous GLP-1.

> Resistant to degradation by DPP-IV and NEP
enzymes.

> Potentiates the action of endogenous GLP-1-
increases glucose-dependent insulin secretion.

» Plasma half-life is 13 hours - Once daily
subcutaneous dosing.

» Approved for use in Type 2 Diabetes Mellitus and
Obesity.

» Causes a greater reduction in HBA1c level,
compared to Exenatide.

> Beneficial effects on Blood pressure and Body
weight/ BML.

Table 1: Liraglutide - a long-acting GLP-1 agonist. [GLP-1
- Glucagon Like Peptide-1, DPP - Dipeptidyl Peptidase,
NEP - Neutral Endopeptidase, HBAlc - Glycosylated
hemoglobin, BMI - Body Mass Index]
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Non-cardiovascular adverse effects of GLP-1
agonists

Adverse effects of GLP-1 agonists are very minor, rarely
requiring a discontinuation of therapy. Most common is
gastrointestinal adverse effects, which are seen more with
liraglutide (10.5-45% people in trials reported nausea), as
compared to exenatide. Nausea was short-lasting,
occurring following treatment initiation or, dose
escalation, usually resolving by four weeks for liraglutide
(as opposed to 8 weeks for exenatide) [29-32]. Rate of
hypoglycemic attacks was relatively lower (3-12%) in
diabetic patients treated with GLP-1 agonists alone,
though more in the presence of concurrent sulfonylurea
therapy [31-34]. Use of the long-acting preparation of
exenatide was associated with various upper respiratory
tract infections (e.g. sinusitis, nasopharyngitis, etc.) in
some trials [35]. Few reports of pancreatitis following
therapy with GLP-1 agonists triggered a black-box
warning for both exenatide and liraglutide [30,36].
Animal studies with liraglutide observed the occurrence
of few cases of thyroid C-cell tumors, leading to a warning
for this too. Though clinical trials did not reproduce this
finding, caution must be taken while using liraglutide in
patients with personal or, family history of medullary
carcinoma thyroid [36].

Extraglycemic effects of GLP-1 agonists

Cardiovascular effects: GIP-1 receptors have been
identified in various sites of our cardiovascular system,
like in vascular smooth muscle cells, endothelial cells, and
the autonomic nuclei [37-39]. Stimulation of the GLP-1
receptors in these autonomic nuclei has been shown to
result in an increase in heart rate and blood pressure [40].
However, clinical studies using GLP-1 agonists usually
have shown BP lowering effects, with no significant
change in heart rate as such [41]. A recent animal study
with liraglutide observed the potential role of GLP-1
receptor-dependent secretion of ANP (atrial natriuretic
peptide) in the reduction of blood pressure [42]. Various
cardiac abnormalities (e.g. diastolic impairment, change
in cardiac structure, etc.) have been noted in rodents
lacking functional GLP-1 receptors [37]. Cardioprotective
and vasodilatory effects of GLP-1 are known to be
mediated through two distinct pathways - one dependent
on GLP-1 receptor itself, and the other involving the 9-36
peptide (a metabolite of GLP-1) [37]. GLP-1 has been
shown to increase the glucose uptake in cardiac myocytes,
thus helping in the optimization of the myocardial oxygen
efficiency [43]. Preclinical studies have shown that GLP-1
can activate the pro-survival kinase pathways (PI3K and
ERK1/2) in cardiomyocytes in the setting of ischemic
injury, thereby preventing the activation of apoptosis in
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these cells [44].Recent studies have also found a role of
GLP-1 receptor-mediated cAMP-ePAC2 signaling in the
cardio protection [42].

In the porcine model of ischemia, exenatide reduced
the infarct size and caused an improvement in cardiac
function [45]. In mice with induced diabetes and
myocardial infarction, pre-treatment with Liraglutide led
to a reduction in the incidence of cardiac rupture,
improvement in cardiac output, and an improved overall
survival [46]. GLP-1 has also been found to be beneficial
to the heart, when administered as a 72-hour infusion
following angioplasty in patients with acute MI and left
ventricular dysfunction [47]. In patients undergoing
coronary artery bypass grafting (CABG), a continuous
GLP-1 infusion beginning 12 hours before the procedure
and continuing for 48 hours, was associated with less
requirement of inotropes and reduced incidence of
arrhythmias, along with a better glycemic control [48]. A
recent study has shown that in patients with coronary
artery disease, the intravenous GLP-1 infusion is
protective against ischemic dysfunction following
dobutamine stress [49]. Few studies, however, have found
a neutral effect of liraglutide on the infarct size and
coronary reperfusion [50]. GLP-1 infusion has been
shown to improve left ventricular ejection fraction,
functional status, and quality of life in patients with NYHA
class III/IV heart failure [51]. Both exenatide and
liraglutide have been found to have a protective role in
animal models of atherogenesis, through various
mechanisms like reduction of intimal hyperplasia and
attenuation of expression of cell adhesion molecules [52-
54]. GLP-1 agonists have been shown to cause a reduction
in the level of several cardiovascular risk markers like hs-
CRP, PAI-1, and BNP as well [55,56].

GLP-1 receptor agonists also exert beneficial effects on
the endothelial function through their action on receptors
present in the endothelial cells. Studies have shown that
GLP-1 reduces the TNF-alpha mediated expression of PAI-
1 (plasminogen activator inhibitor-1) in vascular
endothelial cells [57]. PAI-1 produced in the setting of
myocardial infarction is found to be associated with
endothelial dysfunction in the coronary arteries, and
thereby it further aggravates the left ventricular
dysfunction [58]. Liraglutide has been shown to increase
the endothelial nitric oxide synthase (e-NOS) activity and
nitric oxide (NO) production in rats with streptozocin-
induced diabetes [59]. Flow-mediated vasodilation (FMD)
is an important measure of endothelial function, and GLP-
1 infusion has been shown to significantly increase the
FMD in brachial arteries of healthy subjects. It also
reduced the hyperglycemia-induced oxidative stress and
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incident endothelial dysfunction in diabetic patients [60].
However, in another recent study, liraglutide didn’t
significantly alter the endothelial-dependent vasodilation,
measured by forearm blood flow (FBF) [61]. The
summary of all the cardiovascular effects of GLP-1, along
with the possible mechanisms have been depicted in
Figure 1.

{ Cardiovascular effects of GLP-1 ]
|
| |

GLP-1 . dependent pathways GLP-1 E independent pathways
(Role of 9-36 metabolites)

¥

Modulation of
endothelial
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» | PAI-] expression
* Activation of pro-survival » T2 NOS activity
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Figure 1: Cardiovascular effects of GLP-1 with proposed
mechanisms.

[ANP= Atrial Natriuretic Peptide, PAI= Plasminogen
Activator Inhibitor, e-NOS= Endothelial Nitric Oxide
Synthase, CAM= Cell Adhesion Molecule, EF= Ejection
Fraction, NYHA= New York Heart association, HF= Heart
Failure, FMD= Flow Mediated Vasodilatation, FBF=
Forearm Blood Flow]

CNS and GI effects: GLP-1 receptors are present in
areas of CNS that regulate gastric motility, satiety, and
feeding in individuals [62-64]. By delaying gastric motility
and promoting satiety, GLP-1 leads to weight loss in obese
subjects as well as in patients with Diabetes [65]. Animal
studies with liraglutide showed that it reduces food
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intake, mainly the fats and simple carbohydrates [66].
This anorexigenic effect of this GLP-1 agonist is thought to
be mediated by paraventricular nucleus of hypothalamus
and area postrema of the brainstem, as noted in brain MRI
of fasting mice [67].

Among other CNS effects, stimulation of GLP-1
receptors has been associated with several
neuroprotective effects as well. GLP-1 analog is shown to
increase the cholinergic activity in areas of the brain,
thereby preventing glutamate-induced cytotoxicity [68].

Metabolic profile: GLP-1 agonists tend to have an
indirect beneficial cardiovascular effect through their
action on various components of the metabolic profile of
patients. Studies have found a crucial role of GLP-1
receptor signaling in the biosynthesis and secretion of
lipoproteins in the intestine [69]. Significant reduction in
the triglyceride level was observed in diabetic patients on
daily liraglutide or twice daily exenatide [32,70].
Moreover, a significant reduction in LDL-C level and non-
significant changes in HDL-C were found with the
liraglutide use (1.2 or, 1.8 mg/day) [32,71]. Studies in
diabetic patients showed that GLP-1 infusion led to a
reduction in serum concentration of free fatty acid (FFA)
level, which improves the insulin sensitivity in patients
[32,72].

All these above mentioned metabolic effects, as well as
the effect on food intake and satiety, finally lead to a
significant weight loss observed in patients treated with a
GLP-1 agonist. Treatment with liraglutide produced a
dose-dependent weight loss (1.0 kg to 3.68 kg) in
patients, which sustained up to 104 weeks. It had a
significant beneficial effect on waist circumference and
visceral adiposity, which is considered as important
cardiovascular risk factors [73-76]. In a study using a
large clinical database, diabetic patients treated with
exenatide had a mean weight loss of 3 kg, compared to a
1.1kg loss in sitagliptin-treated patients and 0.6kg loss in
individuals getting insulin [77].

Reno protective effects: Studies have shown that GLP-1
infusion leads to a dose-dependent increase in salt
excretion by kidneys and a reduction in glomerular hyper
filtration. These effects play a role in the control of
hypertension and end-organ damage [78,79]. GLP-1 helps
in attenuation of the progression of diabetic nephropathy,
by down regulating the expression of RAGE (receptor for
advanced glycation end products) in endothelial and
mesangial cells of the kidney, and also by decreasing the
generation of the reactive oxygen species (ROS) [80,81].
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Cardiovascular Outcome Data on

Liraglutide

Meta-analysis of RCTs

In 2013, a meta-analysis was performed including 37
randomized controlled trials of at least six months
duration, comparing GLP-1 agonist with a non-GLP-1
agonist drug in patients with T2DM. Out of the 37 trials,
33 provided information on major cardiovascular events
(MACE), and at least one event was reported by 25 of
them. GLP-1 agonist was found to be associated with a
significantly reduced incidence of MACE (Major Adverse
Cardiovascular Event), in comparison to placebo or
pioglitazone. A non-significant trend towards similar
reduction was observed in DPP-4 inhibitor-controlled
studies as well. No significant effect on all-cause and
cardiovascular mortality was noted. GLP-1 agonist use
was also associated with a significant reduction in BMI
and the systolic blood pressure of patients when
compared to placebo, insulin, pioglitazone, and sulfonyl
ureas. Reports from six trials in this meta-analysis
showed GLP-1 causes 1-2 bpm elevation in heart rate.
Though increased heart rate is associated with cardiac
morbidity and mortality, [82] overall cardiovascular
safety of GLP-1 agonist was established in this analysis of
short-term studies involving low-risk individuals [83].

Data from LEADER trial

Though several studies had hinted on the possible
beneficial cardiovascular effects of liraglutide, the need of
the hour was a long duration randomized controlled trial.
LEADER (Liraglutide Effect and Action in Diabetes:
Evaluation of cardiovascular outcome Results-
NCT01179048), a phase 3, randomized, multicenter,
double-blind, placebo-controlled clinical trial, was
undertaken in 2010. Here long-term follow-up (median
follow-up period was 3.8 years) of 9340 patients with
type Il diabetes mellitus was done, to address the CV
safety concerns on the drug liraglutide [7]. The primary
endpoint in LEADER trial was a composite of death from
cardiovascular causes, nonfatal myocardial infarction
(MI), or nonfatal stroke, and the hypothesis was to prove
the non-inferiority of liraglutide to placebo. Patients
included in this study were aged 50 years or, more, and
had at least one pre-existing cardiovascular condition in
the form of coronary artery disease, cerebrovascular
disease, peripheral vascular disease, chronic kidney
disease (stage 3 or greater), or NYHA class II/IIl heart
failure. Individuals who were 60 years of age or, older and
possessed at least one of the cardiovascular risk factors
(microalbuminuria, hypertension and left ventricular
hypertrophy, left ventricular dysfunction, or an ankle-

Ball S, et al. Cardiovascular Outcomes with Liraglutide: An Update following

LEADER. ] Cardiol. 2017, 1(1): 000101.

Open Access Journal of Cardiology

brachial index < 0.9) were also considered eligible for the
study. Patients with type 1 diabetes, those with prior use
of GLP-1-receptor agonists, dipeptidyl peptidase 4 (DPP-
4) inhibitors, pramlintide, or rapid-acting insulin, were
excluded from the study. Individuals with a personal or
family history of multiple endocrine neoplasia (MEN) type
2 or medullary carcinoma thyroid and those who had a
recent (<14 days of screening) acute coronary or
cerebrovascular event, were not considered for the study.
Regarding the results, the primary outcome was seen in
fewer patients in the liraglutide group (608 of 4668
patients i.e.13.0%), as compared to the placebo group
(694 of 4672 i.e.14.9%) (HR 0.87; 95% CI, 0.78 to 0.97;
p<0.001 for non-inferiority; p= 0.01 for superiority). A
significantly fewer cardiovascular mortality was noted in
patients who were on liraglutide (219 patients), in
comparison to the placebo group (278 patients) [p
value=0.007]. The incidence of death from all causes was
also lower in the liraglutide group, and a non-significant
lesser incidence of non-fatal MI and stroke was observed
in the liraglutide group.

Looking at the glycemic control, a mean difference of
glycated hemoglobin between the liraglutide group and
the placebo group was -0.40% (95% CI, -0.45 to -0.34).
Interestingly, severe hypoglycemia occurred in fewer
patients in the liraglutide group (114 vs. 153 patients in
the placebo group). There was a 31% less incidence of
severe hypoglycemia and 20% less incidence of the
combination of severe and confirmed hypoglycemia with
liraglutide. Regarding the effects on other CV risk factors,
a 2.3 kg higher weight loss and 1.2 mm Hg lower systolic
blood pressure were noted in patients getting liraglutide.
However, there was a mild increase in the diastolic blood
pressure (0.6 mm Hg) and heart rate (3 bpm) in the
liraglutide group, compared to placebo. The events
related to nephropathy were less frequent in the patients
getting liraglutide, though there was a non-significant
higher incidence of retinopathy.

Regarding the non-cardiovascular safety concerns, a
non-significant higher rate of pancreatic cancer was found
in the liraglutide group (13 patients vs. five patients on
placebo). Acute pancreatitis occurred in less number of
patients in the liraglutide group (18 vs. 23 in the placebo
group), whereas acute gallstone disease was commoner
with liraglutide. Gastrointestinal adverse events, causing a
permanent discontinuation of the drug were more
common with liraglutide in comparison to placebo.
Looking at the limitations of this trial, patients were
followed for only 3.5 to 5.0 years. A long-term follow-up is
still needed for better addressing all the safety concerns
associated with the drug. Patients recruited in this study
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had already a high baseline risk for cardiovascular
disease. So, it is not clear whether the study outcome can
also be applied to the patients with a lower risk profile.

Principal findings in the LEADER trial

» Significant reduction in death due to
cardiovascular events, incidence of nonfatal MI and
nonfatal stroke in the Liraglutide group.

» Areduction in the all-cause mortality with
Liraglutide use.

» Better glycemic control along with lesser incidence
of hypoglycemic attacks.

» Significant weight loss and SBP reduction.

» Beneficial effect on Diabetic Nephropathy.

» No increased risk of pancreatitis.

Table 2: Principal findings in the LEADER trial. [MI -
Myocardial Infarction, SBP - Systolic Blood Pressure]

Open Access Journal of Cardiology

Conclusion

Ever since the big controversy regarding rosiglitazone,
long-term prospective trial showing the cardiovascular
outcome data on all the newer anti diabetic drugs are
considered very crucial. Liraglutide has been found to
have several beneficial cardiovascular effects in different
preclinical and early clinical studies. The results of the
LEADER trial affirmed that the use of liraglutide in
diabetic patients is associated with a significant reduction
in the cardiovascular events and mortality. Moreover, the
promising results in patients with diabetic nephropathy, a
decreased incidence of hypoglycemic events and the
observed reduction in body weight and blood pressure
makes it a desirable therapeutic option for diabetic
patients. With the lixisenatide not showing the
cardiovascular benefit in ELIXA trial, and the data from
the ongoing EXSCEL trial for exenatide still not being
available, liraglutide will be considered as the go-to GLP-1
agonist in the coming years, as a second line option in the
treatment of type 2 DM.

Drug name Trial bkl Official Title Current Primary
.gov . Phase Key results
name identifier of the trial status outcome
A primary
end-point
A Randomized, event
Double-blind, occurred in
Placebo- . ) 406 patients
Time to first 0/
Pai”(;rlllg?g::ﬁp occurrence of (13'312)) n
Multicenter ’ any of the lixisenatide
Study to following: roup and in
Evaluate death from | 2551755
Cardiovascular cardiovascular in the
. . . Outcomes Phase causes, placebo
Lixisenatide ELIXA NCT 1147250 Durin 1 Completed nonfatal rou
Treatmgnt myocardial (hazgard fatio
with infarction, 1.02;95%
Lixisenatide in nonfatal C(;nfi‘dencoe
stroke, or .
Type 2 hospitalization interval [CI],
Diabetic P 0.89 to 1.17),
Patients After - un.stable which
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to placebo
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(P<0.001)
but did not
show
superiority
(P=0.81).
The primary
outcome
occurred in
significantly
fewer
patients in
the
A Lopg-term, Time to first liraglutide
Multi-center, group (608 of
. occurrence of
International, 4668
. death from .
Randomized cardiovascular patients
Double-blind, [13.0%])
causes, .
Placebo- Phase nonfatal than in the
Liraglutide LEADER NCT 1179048 controlled Completed . . placebo
. I (including
Trial to silent) group (694 of
Determine mvocardial 4672
Liraglutide myoca [14.9%])
infarction, or .
Effects on nonfatal (hazard ratio,
Cardiovascular 0.87; 95%
stroke. .
Events. confidence
interval [CI],
0.78t0 0.97;
P<0.001 for
non-
inferiority; P
=0.01 for
superiority).
A Long Term,
Randomized,
Double Blind,
Placebo-
controlled
Study to Time to first
Determine the occurrence of
Effect of major adverse
Albiglutide, cardiovascular
When Added Phase events (MACE; Expected in
Albiglutide | HARMONY | NCT 2465515 to Standard Ongoing | cardiovascular P
v 2019.
Blood Glucose death,
Lowering myocardial
Therapies, on infarction, or
Major stroke) [Non-
Cardiovascular inferiority].
Events in
Patients with
Type 2
Diabetes
Mellitus.
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The Effect of Time from
Dulaglutide on randomization
Major to first
Cardiovascular occurrence of
Events in cardiovascular
Patients with death, non-
. Type 2 Phase . fatal Expected in
Dulaglutide | REWIND | NCT 1394952 Diabetes: 1 Ongoing myocardial 2018.
Researching infarction, or
Cardiovascular non-fatal
Events with a stroke (a
Weekly composite
Incretin in cardiovascular
Diabetes. outcome).
Exenatide
Study of
Cardiovascular
Event
Lowering Trial .
(EXSCEL). A Thef?,“mary
Randomized, etticacy
outcome
Placebo . .
variable is
Controlled .
. . defined as the
Clinical Trial Phase composite Expected in
Exenatide | EXSCEL | NCT 1144338 | to Evaluate Ongoing » P
. I11 endpoint of 2018.
Cardiovascular .
cardiovascular
Outcomes
death,
After
nonfatal M], or
Treatment
. . nonfatal
with Exenatide stroke
Once Weekly '
in Patients
with Type 2
Diabetes
Mellitus.

Table 3:Characteristics of completed and ongoing cardiovascular outcome trials on GLP-1 agonists. (source -

CinicalTrials.gov).
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