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The role of glucagon-like peptide-1 receptor agonists in
cardiovascular disease prevention in type 2 diabetes mellitus:
evidence from the most recent clinical trials
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The field of investigation of the prevention of cardiovascular
disease (CVD) in type 2 diabetes mellitus (I2DM) has seen
a huge proliferation of studies on multiple drug categories
and agents in the past decade. Following the controversy
around the possible effect of the thiazolidinedione
rosiglitazone on CVD events (1), regulatory agencies in the
USA (Food and Drug Administration), Europe (European
Medicines Agency) and elsewhere have required that all
new anti-diabetic agents (ADA) undergo formal evaluation
for CVD safety through large multicenter randomised
placebo-controlled clinical trials (2). This has led to
numerous studies in tens of thousands of patients with
T2DM followed for several years, tremendously advancing
knowledge in this field, as well as providing extremely
valuable information on safety and side effect profiles of the
agents tested.

Three newer ADA classes that have emerged in the
treatment of T2DM have interesting clinical profiles.
Dipeptidyl peptidase 4 (DPP-4) inhibitors are incretins that
stimulate glucose-dependant insulin secretion, stimulate
glucose-dependant insulin secretion and suppress glucagon
secretion, leading to mild decreases in HbAlc with little
risk of hypoglycemia, weight neutral effects and possible
lowering of blood pressure (3). Glucagon-like peptide-1
(GLP-1) receptor agonist are also incretins that stimulate
glucose-dependant insulin secretion, stimulate glucose-
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dependant insulin secretion and inhibit glucagon secretion,
however they cause substantial lowering in HbAlc, body
weight and blood pressure (3). Finally, sodium-glucose
cotransporter 2 (SGLT-2) inhibitors cause an increase
in urinary glucose and sodium excretion, also leading to
lowering in HbAlc, body weight and blood pressure (4).

All DPP-4 inhibitors have been tested in large CVD
trials, three of which (alogliptin, saxagliptin, and sitagliptin)
have been published and showed no effect on major adverse
cardiovascular events (MACE) (5-7). Studies in GLP-1
receptor agonists have produced varying results. The
exendin-4-based GLP-1 receptor agonist lixisenatide was
neutral on CVD outcomes (8), but a lower risk of MACE
was shown with the two GLP-1 receptor agonists liraglutide
and semaglutide (9,10). As to the SGLT-2 inhibitors
empagliflozin and canagliflozin, two recent trials also
demonstrated lower MACE in subjects treated with these
agents (11,12).

In September 2017, in the New England Fournal of
Medicine, the EXSCEL Study Group reported on the results
of the large clinical trial (n=14,752) evaluating the effects
of a once-weekly subcutaneous injection of extended-
release exenatide at a dose of 2 mg on CVD outcomes (13).
The primary outcome was the traditional three-component
MACE defined as death from cardiovascular causes,
nonfatal myocardial infarction, or nonfatal stroke. This was
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mainly a secondary prevention trial with 73% of subjects
having had previous CVD. During a median follow-up of
3.2 years, a primary composite outcome event occurred in
11.4% (3.7 events per 100 person-years) in the exenatide
group and in 12.2% (4.0 events per 100 person-years) in the
placebo group [hazard ratio (HR) =0.91; 95% confidence
interval (CI), 0.83-1.00]. Noninferiority was attained
(P<0.001) but not superiority (P=0.06) with respect to
efficacy of exenatide.

As expected with the use of a GLP-1 receptor agonist,
improvements in several CVD risk factors occurred in the
extended-release exenatide group compared to the placebo
group, with overall least-squares mean differences of -0.53%
for HbAlc, -1.27 kg for body weight and -1.57 mmHg
for systolic blood pressure. However, heart rate was
increased 2.5 beats per minute in the treatment group.
Of note, the risk of death from any cause was 6.9% in the
exenatide group and 7.9% in the placebo group, although
this difference was not considered to be statistically
significant in per-protocol hierarchical secondary end-point
analyses. In univariate analyses in prespecified subgroups
defined by baseline characteristics, only the age subgroup
(baseline age <65 vs. >65 years) showed heterogeneity,
with the older group showing benefit (HR =0.80), and
the younger group no effect (HR =1.05). Serious adverse
outcomes were similar between groups, in particular with
respect to the incidence of acute pancreatitis and pancreatic
cancer.

The rate of premature discontinuation of the trial
regimen, driven primarily by patient decision, was a
major limitation of the trial. The authors speculated that
probable causal factors for this were the complexity of
the first-generation injection device that was used and the
fact that the trial had no run-in period. This resulted in a
decrease in the duration of time that participants received
the trial regimen relative to the expected duration time
(approximately 75.0%, with a median duration of exposure
to the trial regimen of 2.3-2.4 years). This may have
contributed to the lack of efficacy.

In other CVD prevention studies with GLP-1 receptor
agonists, treatment with liraglutide (LEADER trial) and
semaglutide (SUSTAIN-6 trial) vs. placebo was associated
with lower risk of a three component MACE (HR =0.87;
95% CI, 0.78-0.97 in LEADER, 0.74; 95% CI, 0.58-0.95
in SUSTAIN-6). In these studies, the risks for the different
individual components of the MACE varied. In the
LEADER trial, the hazard ratio for risk of death from any
cause was 0.85 with liraglutide vs placebo (similar to the
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0.86 seen in the EXSCEL trial), but no such difference was
seen with semaglutide in SUSTAIN-6. However, in that
study, there was a major effect on non-fatal stroke, with
a HR =0.61 in the semaglutide group. Finally, as already
mentioned, the GLP-1 receptor agonist lixisenatide was
neutral on CVD outcomes.

In a very recent meta-analysis of all CVD trials with
GLP-1 receptor agonists, the overall relative risk reduction
(RRR) was significant at 10% for the three-point MACE
(HR =0.90, 95% CI, 0.82-0.99; P=0.033), 13% for
cardiovascular mortality (HR =0.87, 95% CI, 0.79-0.96;
P=0.007) and 12% for all-cause mortality (HR =0.88, 95%
CI, 0.81-0.95; P=0.002), with between-trial statistical
heterogeneity being low-to-moderate (14). Of course, the
basic premise of meta-analyses is that the agents studied are
considered to have a similar or “class” effect. This is not yet
clear from the data.

When comparing the results from the published studies
to date, we can only speculate on the differences in results
for the primary MACE and various secondary outcomes.
Overall, these were mostly secondary prevention trials,
with between 73% and 83% of subjects having had a
previous CVD event. Therefore, it is not at all certain that
patients with T2DM but no previous CVD would benefit
from either GLP-1 agonist with respect to MACE. In
fact, when examining the results in various prespecified
subgroups, the difference from placebo for the MACE
outcomes is often minimal in subjects with no previous
CVD. As to population characteristics and trial conduct,
there were differences in the baseline mean HbAlc in
these trials, being higher at approximately 8.7% in both
LEADER and SUSTAIN-6, compared to 8% in EXSCEL.
Also, average exposures to trial drug differed among
studies, being lower at 75% in EXSCEL, but 83-84% in
LEADER and 86.5-89.5% in SUSTAIN-6. These factors
may have influenced the outcomes in EXSCEL, since
subjects had better initial glucose control and potential
glucose benefits on CVD were thus minimized. Also, the
relative underexposure to the GLP-1 receptor agonist
may have led to an underestimation of its effect. Finally, in
the placebo group, more subjects were treated during the
trial with a SGLT?2 inhibitor, a drug class known to have
favorable CVD effects. This could also have minimized
the difference in CVD event rates between the placebo
and extended-release exenatide groups.

It is also important to point out that the various GLP-1
receptor agonists have different structures and half-
lives, which could possibly lead to varying clinical effects.
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Liraglutide and semaglutide have greater homology with
native GLP-1. Could this lead to a stronger CVD effect?
We could only speculate. Other CVD trials are still
underway, particularly with dulaglutide (REWIND) (15)
and albiglutide (HARMONY) (16). The results from all
these different studies will possibly allow us to conclude on
class effects or specific agent effects. Although the primary
outcome of MACE in the EXSCEL trial was not significant
for superiority, the results did follow the same direction as
those of the LEADER and SUSTAIN-6 studies, suggesting
a possible class effect.

It is also important to note that the EXSCEL data
adds essential information with regard to safety of GLP-1
receptor agonists, almost doubling the number of patients
exposed to this ADA class in large randomized placebo-
controlled clinical trials. No significant signal was seen for
serious adverse events.

Finally, how do these results relate to those seen in studies
on other drug classes, such as the SGLT?2 inhibitors? Both
empagliflozin (EMPA-REG) and canagliflozin (CANVAS)
showed benefit for the same MACE outcomes (HR =0.86),
with additional positive effects on cardiac failure (HR =0.65—
0.67), and relatively strong reductions in CVD mortality
(empagliflozin, HR =0.62). In these studies, the majority
of subjects had previous CVD (secondary prevention).
Would the combination of a GLP-1 receptor agonist with
a SGLT?2 inhibitor provide additional benefit? These
questions are being actively raised by investigators (17).
Could some patients respond better to one class compared
to another?

Only very large clinical trials could answer these
important questions. Will these occur in the next decade?
The diabetes community awaits further developments with
anticipation...
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