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Abstract

Purpose of Review Results from cardiovascular (CV) outcome trials have revealed important insights into the CV safety and
efficacy of glucose-lowering agents, including dipeptidyl peptidase-4 inhibitors (DPP-4i) and glucagon-like peptide-1 receptor
agonists (GLP-1RA).

Recent Findings Among patients with T2DM, DPP-4i have no significant effect on risk of major adverse CV events (MACE: CV
death, myocardial infarction, or stroke) with mixed results regarding risk for heart failure (HF). While sitagliptin and linagliptin
have neutral effects on HF risk, saxagliptin significantly increases the risk of HF. The CV safety of the GLP-1RA class of
medications has been clearly demonstrated, and select agents, such as liraglutide, semaglutide, albiglutide, and dulaglutide,
reduce the risk of MACE in patients with T2DM and established CV disease.

Summary CV outcome trials have demonstrated CV safety but not incremental efficacy for DPP-4i in most cases. Select GLP-
1RA have proven efficacy for MACE and should be considered by cardiologists for CV risk mitigation in the care of patients with
T2DM and established CV disease.

Keywords Atherosclerotic cardiovascular disease - Dipeptidyl peptidase-4 inhibitors - Glucagon-like peptide-1 receptor agonists -

Heart failure - Type 2 diabetes mellitus

Introduction

Cardiovascular disease (CVD) is a major cause of morbidity
and mortality among patients with type 2 diabetes mellitus
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(T2DM) [1, 2]. After years of progress in T2DM management,
cardiovascular (CV) complication rates remain a major clini-
cal concern, especially in young and middle-aged adults [2].
The risk of CVD is compounded by safety concerns of spe-
cific glucose-lowering medications. For example,
rosiglitazone was associated with higher risk of CVD that
eventually led to restrictions of its use [3]. While prescription
rates of rosiglitazone declined, new classes of glucose-
lowering medications were emerging with important CV im-
plications [4].

Dipeptidyl peptidase-4 inhibitors (DPP-4i) and glucagon-
like peptide-1 receptor agonists (GLP-1RA) are incretin-based
therapies approved for glycemic control since the mid-2000s
[5]. Incretin hormones lower plasma glucose by stimulating
glucose-dependent insulin secretion, suppressing glucagon re-
lease, and promoting satiety [6]. Dipeptidyl peptidase-4 (DPP-
4) breaks down incretins and its inhibition potentiates endog-
enous incretin hormone effects. Pharmacologic GLP-1RA
augment endogenous incretin effects and are less susceptible
to DPP-4 degradation. Shortly after approval of DPP-4i and
GLP-1RA as glucose-lowering agents, the United States Food
and Drug Administration (US FDA) and the European
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Medicines Agency issued guidance to industry that all new
glucose-lowering medications should be proven not to in-
crease CV risk [7]. As a result, over the last decade, a series
of large-scale CV outcome trials have been conducted, pro-
viding important data regarding the CV effects of glucose-
lowering therapies, including the DPP-4i and GLP-1RA clas-
ses of medications.

Despite the current availability of cardioprotective medica-
tions, only about 7% of patients with T2DM and established
atherosclerotic CVD (ASCVD) receive guideline-
recommended optimal medical therapy, and this proportion
is even lower for those treated by cardiologists [8]. Specific
GLP-1RA have proven CV benefits, yet cardiologists account
for less than 5% of new GLP-1RA prescriptions [9].
Cardiologists have a key role in the prevention of CVD and
should consider the CV effects of glucose-lowering medica-
tions. Thus, the present review highlights the CV implications
of DPP-4i and GLP-1RA for the general cardiologist.

Dipeptidyl Peptidase-4 Inhibitors
Cardiometabolic Effects

DPP-4i improve glycemic control and have modest effects on
other cardiometabolic parameters, given its influence on en-
dogenous incretins and downstream hormones [10].
Compared with placebo, DPP-4i reduce systolic BP on aver-
age by 3 mmHg and diastolic BP by 1.5 mmHg [11]. The
impact of DPP-4i on weight has been inconsistent across tri-
als, with the totality of the evidence suggesting an overall
neutral effect [12]. Finally, the lipid profile of patients with
T2DM who receive DPP-4i varies, with some evidence sug-
gesting improvements in triglyceride levels [10].

Safety with Respect to Major Adverse Cardiovascular
Events

Nearly 50,000 patients with T2DM have been enrolled across
5 clinical trials examining the CV effects of DPP-4i [13, 14,
15-17]. Each of these DPP-4i trials demonstrated non-
inferiority with regard to their effect on risk of major adverse
cardiovascular events (MACE: a composite of CV death, non-
fatal myocardial infarction, or nonfatal stroke), but there re-
main several important features to consider. Table 1 summa-
rizes the results from 5 DPP-4i CV outcome trials.
EXAMINE was a CV outcome trial published in 2013
examining the CV safety of a DPP-4i alogliptin [13]. In
EXAMINE, patients with T2DM who had a recent acute cor-
onary syndrome were randomly assigned to receive either
alogliptin or placebo. The risk of MACE was similar among
patients in the alogliptin and placebo groups, marking
alogliptin as a DPP-4i that demonstrated safety with respect
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to MACE. The neutral effects of the DPP-4i class of medica-
tions on MACE were confirmed in subsequent CV outcome
trials, such as TECOS, which enrolled a similar study popu-
lation as EXAMINE and included patients with T2DM and
established ASCVD [15]. In TECOS, patients randomized to
treatment with sitagliptin and placebo had similar risk of the
primary composite endpoint (MACE plus hospitalization for
unstable angina) as well as MACE. Similarly, saxagliptin
[14+] and linagliptin [16, 17] had no significant effect on risk
of MACE in lower risk study populations that included pa-
tients who had T2DM and either established ASCVD or mul-
tiple CV risk factors.

Safety Concerns for Heart Failure

While demonstrating neutral effects on the risk of MACE,
a heart failure (HF) safety signal emerged for select DPP-
4i. In SAVOR-TIMI 53, saxagliptin increased the rate of
HF hospitalization, a risk increment evident in the first
6 months of the trial and sustained throughout the study
period [14e, 19]. The higher absolute rate of hospitaliza-
tion for HF in the saxagliptin versus placebo group was
observed in the overall cohort as well as across key sub-
groups, including patients with chronic kidney disease,
history of HF, and presence of multiple CV risk factors.
Due in part to the increased risk of HF observed with
saxagliptin, there were concerns regarding increased risk
of HF associated with the entire DPP-4i class of medica-
tions, and a separate analysis of the EXAMINE trial was
performed to evaluate the risk of HF in patients treated
with alogliptin [18]. While the number of patients who
had a hospitalization for HF was numerically higher in
the alogliptin (3.1%) versus placebo group (2.9%), this
difference did not achieve statistical significance.
However, among patients with no prior history of HF
(nearly three-quarters of the original trial population),
those in the alogliptin treatment group had a 76% in-
creased risk of developing HF compared with the placebo
group. The increased risk of HF observed with
saxagliptin, and numerically more HF events in the
alogliptin versus placebo groups, did not translate to all
of the medications in the DPP-4i class. In contrast,
sitagliptin had a neutral effect on HF that was consistent
for first and total hospitalizations for HF [15, 20].
Linagliptin also did not affect the risk of HF, a finding
that was consistent across two CV outcome trials [16, 17].

The higher absolute number of HF hospitalizations among
patients who received saxagliptin or alogliptin compared with
placebo in SAVOR-TIMI 53 and EXAMINE, respectively,
prompted the US FDA to convene an advisory committee to
review the clinical trial data and assess the CV risk profile of
these medications. As a result from the review, in April 2016,
the US FDA added the potential for increased HF risk to the
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Table 1 Summary of cardiovascular outcome trials examining dipeptidyl peptidase-4 inhibitors
Medication Clinical trial Participants Proportion with established Median f/u (year) MACE HR HF HR
(publication year) (n) CVD (95% CI) (95% CI)
Alogliptin EXAMINE (2013) 5380 100% 1.5 0.96 (<1.16) 1.07 (0.79, 1.46)
[13, 18]
Saxagliptin =~ SAVOR-TIMI53 16,492 79% 2.1 1.00 (0.89, 1.12) 1.27 (1.07, 1.51)
[147 (2013)
Sitagliptin [15] TECOS (2015) 14,671 100% 3.0 0.99 (0.89, 1.10) 1.00 (0.83, 1.20)
Linagliptin =~ CARMELINA (2018) 6991 57% 22 1.02 (0.89, 1.17) 0.90 (0.74, 1.08)
[16. 171 CAROLINA (2019) 6042 42% 6.3 0.98 (0.84, 1.14) 1.21 (0.92, 1.59)

MACE was defined by CV death, nonfatal MI, or nonfatal stroke

CARMELINA, Cardiovascular and Renal Microvascular Outcome Study With Linagliptin; CAROLINA, Cardiovascular Outcome Study of Linagliptin
Versus Glimepiride in Patients With Type 2 Diabetes; CV, cardiovascular; CVD, cardiovascular disease; EXAMINE, Examination of Cardiovascular
Outcomes With Alogliptin Versus Standard of Care; HF, heart failure; MACE, major atherosclerotic cardiovascular events; MI, myocardial infarction;
SAVOR-TIMI 53, Saxagliptin Assessment of Vascular Outcomes Recorded in Patients With Diabetes—Thrombolysis in Myocardial Infarction 53;

TECOS, Trial Evaluating Cardiovascular Outcomes With Sitagliptin

product labels of both saxagliptin and alogliptin [21]. Despite
the neutral effects of sitagliptin and linagliptin on risk of HF,
the US FDA extended the HF risk warning to all members of
the DPP-4i class. Several potential mechanisms have been
proposed to explain the increased risk of HF with DPP-4i
[22]. The adverse consequences of DPP-4i in patients with
established HF with reduced ejection fraction (HFrEF) were
highlighted in the VIVID trial [23]. Patients with T2DM and
HF with an ejection fraction less than 40% were randomly
assigned to vildagliptin or placebo for 1 year. While there
was no significant difference in the primary endpoint of left
ventricular ejection fraction between treatment groups,
vildagliptin led to a significant increase in left ventricular
end-diastolic volume, a cardiac remodeling pattern that is as-
sociated with adverse outcomes [24].

Practical Considerations

Among patients with T2DM and established ASCVD,
DPP-4i are recommended as an add-on therapy to im-
prove glycemic control after use of other guideline-
recommended therapies given its established safety, but
lack of efficacy, regarding risk of MACE [12].
However, saxagliptin increases the risk of hospitalization
for HF and should not be prescribed to patients who have
T2DM and higher risk of developing HF [14e, 19].

The DPP-4i class of medications has several distinct
advantages over some other glucose-lowering medica-
tions, including the following: (1) availability as once
daily tablets; (2) can be used in chronic kidney disease,
although dose-adjustment is needed for select DPP-4i; and
(3) generally well tolerated with few side effects, includ-
ing low rates of hypoglycemia [10]. Potential complica-
tions of DPP-4i that should be considered include joint
pain and pancreatitis [12].

Glucagon-like Peptide-1 Receptor Agonists
Effects on Cardiovascular Risk Factors

Originally approved by the US FDA to improve glycemic
control, the GLP-1RA class of medications also notably im-
pacts several cardiometabolic parameters including weight
and lipoproteins [25]. GLP-1RA delay gastric emptying and
stimulate satiety leading to weight loss. While reduction in
weight observed with GLP-1RA is a class effect, liraglutide
was the only agent in the class of medications evaluated ex-
tensively for this purpose and approved by the US FDA as an
adjunct to diet and exercise for weight management [26]. The
reduction in weight induced by GLP-1RA is accompanied by
improved lipid profiles that include reductions in triglyceride
and low-density lipoprotein cholesterol with an increase in
high-density lipoprotein cholesterol concentrations [25].

Across multiple studies, GLP-1RA have demonstrated
consistent effects on key hemodynamic measurements, in-
cluding blood pressure and heart rate. Patients prescribed with
GLP-1RA experience, on average, a reduction in systolic
blood pressure of 2 to 3 mmHg, although the effects on dia-
stolic blood pressure have been less consistent [27].
Potentially related to GLP-1 receptor-mediated effects on the
sinoatrial node, GLP-1RA increase heart rate on average 2 to 3
beats per minute, but there is no associated risk of atrial fibril-
lation observed with this class of glucose-lowering medica-
tions [25, 27, 28].

Safe and Effective Therapy to Reduce the Risk of
Major Adverse Cardiovascular Events

Designed to evaluate CV safety, some of the GLP-1RA CV

outcome trials demonstrated significantly lower risk for
MACE with select GLP-1RA. Findings from these clinical
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trials led the US FDA to approve certain GLP-1RA to reduce
the risk of MACE, and these cardioprotective agents have
been incorporated into T2DM management guidelines. The
results of 7 GLP-1RA CV outcome trials are summarized in
Table 2 [29, 31, 32-36].

The ELIXA trial randomized patients with T2DM and a
recent acute coronary syndrome to once daily lixisenatide or
placebo [29]. Risk of the primary composite outcome (MACE
plus hospitalization for unstable angina) and MACE were
similar between the lixisenatide and placebo groups [30].
Taken together, lixisenatide demonstrated safety with respect
to the risk of MACE but not superiority. Similarly, CV out-
come trials evaluating extended-release once weekly
exenatide and oral once daily semaglutide have also ruled
out excess risk of MACE in EXSCEL and PIONEER 6, re-
spectively [33, 36]. Of note, once weekly exenatide narrowly
missed the superiority margin for MACE, and the proportion
of patients who died was numerically lower in the exenatide
(6.9%) versus placebo group (7.9%). Furthermore, PIONEER
6 was not adequately powered to evaluate the superiority of
oral semaglutide with respect to MACE.

LEADER was a landmark clinical trial published in 2016
that evaluated the CV effects of once daily liraglutide versus
placebo among patients with T2DM and either established
CVD or multiple CV risk factors [31¢]. In LEADER,
liraglutide reduced the risk of MACE by 13%, all-cause death
by 15%, and death from CV causes by 22%. Liraglutide went
on to become the first GLP-1RA approved by the US FDA to
reduce the risk of MACE among patients with T2DM and
established CVD. Subsequent CV outcome trials of select
GLP-1RA demonstrated consistent superiority with respect

to the risk of MACE. Compared with LEADER, SUSTAIN-
6 enrolled a similar high CV risk population but included only
approximately one-third of the number of participants and
followed them for nearly one-half of the study duration [31e,
32]. In SUSTAIN-6, patients who were randomized to receive
subcutaneous (SC) semaglutide had a significantly lower risk
of MACE compared with those in the placebo group.
Albiglutide and dulaglutide also significantly reduced the risk
of MACE in HARMONY OUTCOMES and REWIND, re-
spectively, but the study populations enrolled in those CV
outcome trials were markedly different [34, 35]. While all
patients had T2DM and established ASCVD in HARMONY
OUTCOMES, the majority of patients enrolled in REWIND
did not have established ASCVD. Due to the beneficial effects
observed in a large primary prevention study population,
dulaglutide was the first and currently only GLP-1RA ap-
proved by the US FDA to reduce the risk of MACE in patients
who have T2DM with and without established CVD. Of note,
the manufacturer removed albiglutide from the market.

Evidence for Incident and Prevalent Heart Failure

Most CV outcome trials examining GLP-1RA demonstrated
neutral effects on risk of HF with one exception. In
HARMONY OUTCOMES, albiglutide reduced the risk of
HF hospitalization by 29% [30]. A pooled analysis of 7 CV
outcome trials demonstrated a modest reduction in HF risk
with GLP-1RA [30]. The reason for the lower risk of HF
associated with GLP-1RA is unclear, but one possible expla-
nation may be related to its beneficial effects on myocardial
infarction which often precedes HF development.

Table 2 Summary of cardiovascular outcome trials examining glucagon-like peptide-1 receptor agonists
Medication Clinical trial Participants  Proportion with established Median f/u MACE HR HF HR
(publication year) (n) CVD (years) (95% CI) (95% CI)
Lixisenatide ELIXA (2015) 6068 100% 2.1 1.02 (0.89, 1.17) 0.96 (0.75, 1.23)
[29, 30]
Liraglutide [31"] LEADER (2016) 9340 81% 3.8 0.87 (0.78, 0.97) 0.87 (0.73, 1.05)
Semaglutide (SC) SUSTAIN-6 (2016) 3297 83% 2.1 0.74 (0.58,0.95) 1.11(0.77, 1.61)
[32]
Exenatide [33]  EXSCEL (2017) 14,752 73% 32 0.91 (0.83, 1.00) 0.94 (0.78, 1.13)
Albiglutide HARMONY OUTCOMES 9463 100% 1.6 0.78 (0.68, 0.90) 0.71 (0.53, 0.94)
[30, 34] (2018)
Dulaglutide [35] REWIND (2019) 9901 31% 54 0.88 (0.79, 0.99) 0.93 (0.77, 1.12)
Semaglutide (oral) PIONEER 6 (2019) 3183 *85% 1.3 0.79 (0.57, 1.11) 0.86 (0.48, 1.55)

[36]

MACE was defined by CV death, nonfatal MI, or nonfatal stroke. *In the PIONEER 6 trial, 85% of participants were > 50 years of age and had
established CVD or chronic kidney disease

CV, cardiovascular; CVD, cardiovascular disease; ELIXA, Evaluation of Lixisenatide in Acute Coronary Syndrome; EXSCEL, Exenatide Study of
Cardiovascular Event Lowering; HF, heart failure; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results;
MACE, major atherosclerotic cardiovascular events; MI, myocardial infarction; PIONEER 6, Peptide Innovation for Early Diabetes Treatment 6;
REWIND, Researching Cardiovascular Events With a Weekly Incretin in Diabetes; SC, subcutaneous; SUSTAIN-6, Trial to Evaluate Cardiovascular
and Other Long-term Outcomes With Semaglutide in Subjects with Type 2 Diabetes
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The number of patients with established HF enrolled in CV
outcome trials examining GLP-1RA was low, but caution
should be taken when prescribing these agents to patients with
prevalent HF given the findings of several smaller studies [37]
(reference in press). The CV effects of albiglutide were exam-
ined in a clinical trial of 82 patients with HFrEF who had no
history of T2DM [38]. Albiglutide had a neutral effect on
cardiac structure and systolic function and modestly improved
peak oxygen consumption compared with placebo. In con-
trast, FIGHT and LIVE demonstrated numerically more ad-
verse events with liraglutide versus placebo in patients who
had HFrEF with and without T2DM [39, 40]. FIGHT enrolled
patients with advanced HF who were recently hospitalized
despite taking guideline-directed medical therapies [39]. In
FIGHT, patients randomized to receive liraglutide had a great-
er number of rehospitalizations for HF compared with the
placebo group, although this difference was not statistically
significant. The LIVE trial enrolled a more stable population,
but patients in the liraglutide group experienced more serious
adverse cardiac events compared with the placebo group [40].

Endorsed by Society Recommendations to Lower
Cardiovascular Disease Risk

The emergence of cardioprotective medications, such as GLP-
1RA, coupled with the lack of consistent CV benefits of in-
tensive glycemic control has led to a paradigm shift in T2DM
management [41]. Based on the results of several CV outcome
trials, recommendations for the use of GLP-1RA in T2DM
have expanded from add-on therapies for glycemic control
to first- and second-line agents to reduce CV risk. In patients
with high-risk or established ASCVD, the American Diabetes
Association (ADA) and European Association for the Study
of Diabetes (EASD) recommend either GLP-1RA or SGLT-2
inhibitors after metformin [12]. Of particular note, recommen-
dations for these cardioprotective agents are independent of
baseline glycemic control or targets. Furthermore, GLP-1RA
are preferred for patients who have higher risk of MACE
versus HF in the setting of consistent and robust reduction in
MACE compared with HF [12, 30].

The American College of Cardiology (ACC) recommends
a similar CV risk-lowering strategy as the ADA and EASD
[42]. For patients with T2DM and established ASCVD, the
ACC recommends a GLP-1RA or SGLT-2 inhibitor with
proven benefit plus guideline-directed medications and
glucose-lowering therapy with metformin. However, concerns
have been raised regarding the utility of metformin as a first-
line agent for patients who have T2DM and established
ASCVD or multiple CV risk factors given the lack of robust
data demonstrating reduction in CV risk with metformin [43].
While most participants in CV outcome trials were receiving
metformin at baseline, a substantial proportion of individuals
were not. For example, approximately one-third of patients in

the ELIXA trial were not taking metformin at the start of the
study [29]. Furthermore, the CV benefits of GLP-1RA appear
consistent regardless of background glucose-lowering thera-
py, including no T2DM medications, raising the question
whether metformin should be first-line therapy for T2DM
management [31¢]. A departure from metformin as first-line
therapy for T2DM is seen in a European Society of
Cardiology recommendation [44]. Specifically, for patients
with T2DM and either established ASCVD or at least high
CV risk who are not receiving glucose-lowering medications,
GLP-1RA or SGLT-2 inhibitor monotherapy is recommended
as first-line therapy. However, if patients are already taking
metformin, then GLP-1RA or SGLT-2 inhibitors are recom-
mended as an add-on therapy.

A Guide for Evidence-Based Therapies

Cardiologists should consider several factors when prescrib-
ing GLP-1RA for the management of patients with T2DM
and established CVD. First, GLP-1RA that have proven CV
benefits should be prioritized above other agents in the class
with neutral CV effects. Liraglutide, SC semaglutide, and
dulaglutide are approved by the US FDA for secondary pre-
vention of MACE based on superiority results from large CV
outcome trials [31e, 32, 35]. Second, patient preference re-
garding route and frequency of administration of medica-
tions should be considered. All GLP-1RA are available as
SC injections, and semaglutide has both a SC and oral for-
mulation. However, SC semaglutide reduces the risk of
MACE, while the CV efficacy of oral semaglutide is current-
ly being evaluated in an ongoing trial. Additionally, the dos-
ing frequency of cardioprotective GLP-1RA varies between
once daily (liraglutide) and once weekly (SC semaglutide,
albiglutide, dulaglutide) agents. Third, patients should be
counseled regarding potential side effects of GLP-1RA.
Diabetic retinopathy is a rare complication of GLP1-RA,
especially SC semaglutide [32]. Patients with pre-existing
diabetic retinopathy treated with insulin may be at particu-
larly increased risk for complications from SC semaglutide
[45]. Additionally, patients treated with GLP-1RA may ex-
perience nausea and vomiting likely related to the slowing of
gastric emptying [12]. Initiation of GLP-1RA at a low dose
and slow up-titration may mitigate gastrointestinal side
effects.

Future Directions

Currently, there are several ongoing CV outcome trials exam-
ining the CV effects of GLP-1RA. SC semaglutide reduces the
risk of MACE in patients with T2DM and established CVD,
but its CV effects in patients without a history of T2DM are
not well-established [32]. SELECT is a CV outcome trial cur-
rently underway evaluating the CV safety and efficacy of SC
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semaglutide in patients with overweight or obesity who do not
have a history of T2DM (ClinicalTrials.gov; Unique
Identifier: NCT03574597). While PIONEER 6 demonstrated
that oral semaglutide was non-inferior to placebo for the risk
of MACE, this CV outcome trial was not powered to evaluate
superiority [36]. SOUL is an ongoing clinical trial that is eval-
uating the CV efficacy of oral semaglutide among patients
with T2DM (ClinicalTrials.gov; Unique Identifier:
NCT03914326). Additionally, AMPLITUDE-O is a CV out-
come trial currently underway examining the effects of
efpeglenatide, a long-acting GLP-1RA, among patients with
T2DM and established CVD or multiple risk factors
(ClinicalTrials.gov; Unique Identifier: NCT03496298).

Conclusions

Incretin-based therapies were originally approved to lower
glucose, but trial data suggest that cardiologists should
consider the CV effects of DPP-4i and GLP-1RA in the
management of patients with T2DM and established CVD
due to select CV safety concerns and cardioprotective
effects. Among patients with T2DM and established
ASCVD, DPP-4i have a neutral effect on the risk of
MACE. However, saxagliptin increases HF risk and
should be avoided in patients with T2DM who are at high
risk for developing HF. Cardiologists should consider
specific agents within the GLP-1RA class of medications
because of their CV risk-lowering effects. Prescription of
GLP-1RA should be embraced independent of glycemic
control to expand the use of cardioprotective therapies for
appropriate patients with T2DM and established CVD to
reduce the risk of MACE.
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