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D iabetes mellitus and heart failure (HF) are
closely linked disease processes. Elevated
hemoglobin A1c is an independent risk fac-

tor for HF hospitalization or death among HF pa-
tients. With the rapid growth in the metabolic
syndrome and overt diabetes mellitus in most devel-
oped countries, it is imperative that effective treat-
ment strategies are validated for the optimal
treatment of diabetic patients with chronic HF.
Current American College of Cardiology HF guide-
lines recommend lowering hemoglobin A1c
concentration <7% (Class IIa recommendation) to
reduce macrovascular complications (1). However,
specific pharmacological recommendations are
currently limited. Metformin continues to be recom-
mended as first-line treatment in HF patients due to
its relative safety. However, sodium-glucose cotrans-
porter 2 (SGLT2) inhibitors, have been recognized to
reduce the risk of major adverse cardiovascular
events (MACE) and HF outcomes among patients at
high atherosclerotic risk (2); highly suggestive data
also exist for patients with established HF.

Glucagon-like peptide-1 (GLP-1) receptor agonists
have also been increasingly used in type 2 diabetic
patients, but their safety and efficacy in established
HF populations remains uncertain. GLP-1 is an
intestinal-derived incretin peptide that stimulates
postprandial insulin secretion via pancreatic beta-cell
stimulation and also inhibits glucagon release (2,3).
Because HF is associated with impairment in fatty
ISSN 0735-1097/$36.00

*Editorials published in the Journal of the American College of Cardiology

reflect the views of the authors and do not necessarily represent the

views of JACC or the American College of Cardiology.

From the Cardiology Division, Massachusetts General Hospital, Boston,

Massachusetts. Dr. Dec has reported that he has no relationships relevant

to the contents of this paper to disclose.
acid and glucose metabolism, leading to myocardial
insulin resistance, GLP-1 receptor agonists by
improving insulin sensitivity should theoretically
benefit HF patients. However, GLP-1 receptor ago-
nists have also been shown to have direct myocardial
effects, including increased contractility and chro-
notropy, which may partially offset these beneficial
benefits.

The LEADER (Liraglutide Effect and Action in Dia-
betes: Evaluation of Cardiovascular Outcomes Re-
sults) trial evaluated the cardiovascular safety of
liraglutide in 9,340 diabetic patients with either
established cardiovascular disease or cardiovascular
risk factors (4). Compared with placebo, liraglutide
reduced the risk of the primary MACE outcome of
cardiovascular death, nonfatal myocardial infarction,
and nonfatal stroke (hazard ratio [HR]: 0.87; 95%
confidence interval [CI]: 0.78 to 0.97). Cardiovascular
mortality was significantly reduced by 22%. Impor-
tantly, HF hospitalizations were lower in the liraglu-
tide cohort (4.7% vs. 5.3%), but the difference was not
statistically significant. In this issue of the Journal,
Marso et al. (5) sought to expand upon these original
findings by focusing on the specific patient cohort
with a pre-existing diagnosis of HF. Their post hoc
analysis employed Cox regression of outcomes by
baseline HF history. Overall, 18% of the trial patients
had a history of HF (New York Heart Association
[NYHA] functional class I: 21%, class II: 65%; class III:
13%). The duration of diabetes averaged 11.7 years. An
independent blinded events committee adjudicated
all potential cardiovascular events (including HF
hospitalizations) and all deaths. Not surprisingly, a
higher proportion of patients with an HF history
experienced cardiovascular events (except nonfatal
stroke) and all-cause mortality during the trial, based
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on pooled data from both treatment groups. HF pa-
tients treated with liraglutide had a lower MACE rate
versus placebo (HR: 0.81; 95% CI: 0.65 to 1.02).
Importantly, fewer deaths were observed with lir-
aglutide treatment (HR: 0.89; 95% CI: 0.70 to 1.14). No
increased risk of HF hospitalizations was observed
during liraglutide treatment (HR: 0.98; 95% CI: 0.75
to 1.28).

Although these findings are provocative, a number
of limitations must be recognized. As the authors
acknowledge, key clinical information including
baseline left ventricular ejection fraction (LVEF), HF
etiology, and biomarker data (specifically N-terminal
pro–B-type natriuretic peptide or troponin) were not
collected. The majority of patients had mild (NYHA
functional class II) HF symptoms; in fact, only 40%
were treated with loop diuretic agents. Thus, their
response to liraglutide may differ from those with
more advanced symptoms. Further, the relatively
small sample size precluded analysis of treatment
response stratified by NYHA functional class. Finally,
it must be recognized that these findings are only
hypothesis-generating because they were derived
from a non–pre-specified post hoc analysis.

Despite the apparent safety of GLP-1 receptor ag-
onists in patients with established cardiovascular
disease and the favorable results reported by Marso
et al. (5), divergent results have been reported in 2
randomized controlled clinical trials of liraglutide in
patients with established HF. The LIVE (LIraglutide
on VEntricular function in chronic heart failure) trial
randomized 241 patients with (31%) or without dia-
betes and heart failure with reduced ejection fraction
(HFrEF) (LVEF #45%) to either liraglutide or placebo
for 24 weeks (6). The primary outcome measure
(DLVEF) did not differ between the 2 groups. Heart
rate increased significantly with liraglutide (mean
difference: 7 beats/min; p < 0.0001). However,
adverse cardiac events (e.g., fatal or nonfatal ven-
tricular tachycardia, atrial fibrillation requiring
intervention, aggravation of underlying ischemic
heart disease, and worsening HF) were more
frequently observed in patients treated with liraglu-
tide (10%) compared to the placebo cohort (3%;
p ¼ 0.04). The FIGHT (Functional Impact of GLP-1 for
Heart failure Treatment) trial randomized 300 pa-
tients with (60%) or without type 2 diabetes, estab-
lished HFrEF (LVEF #40%) and a recent HF
hospitalization to liraglutide or placebo for 6 months.
The primary endpoint was global rank score in which
all patients, regardless of treatment assignment, were
ranked across 3 hierarchical tiers: time to death, time
to HF rehospitalization, and time-averaged propor-
tional change in N-terminal pro–B-type natriuretic
peptide (7). Liraglutide had no significant effect on
the primary endpoint. Although there were no sig-
nificant between-group differences in the number of
deaths or HF rehospitalizations in the overall cohort,
point estimates suggested a higher risk of death or
HF-related events with liraglutide in diabetic patients
(hazard ratio: 1.54; 95% CI: 0.97 to 2.46). The authors
appropriately emphasized the high-risk features of
this HF population, including a recent HF hospitali-
zation, advanced symptoms, marked systolic
dysfunction, and impaired renal function.

Several potential mechanisms could explain the
failure of liraglutide in these 2 trials to improve
HF outcomes. As GLP-1 agonists promote glucose-
dependent insulin secretion, it is possible that
enhancing endogenous insulin secretion may be
detrimental in HF patients. It is also possible that
because GLP-1 agonists mitigate insulin resistance, the
previously demonstrated myocardial insulin resis-
tance observed in experimental models may not be a
maladaptive mechanism in patients with advanced
HF. These potential concerns are supported by
results from other agents that augment insulin secre-
tion and insulin sensitivity, specifically dipeptidyl
peptidase-4 inhibitors and the thiazolidinediones (2).

How do we explain the apparent beneficial effects
of liraglutide reported in the post hoc analysis of the
LEADER trial with the negative results demonstrated
by 2 well conducted randomized clinical trials? First
and foremost, it is evident that markedly different HF
populations were studied. The FIGHT and LIVE trials
enrolled patients with moderate or advanced HF
symptoms including many with high-risk features. In
contrast, the LEADER population consisted of pre-
dominantly mild disease (86% NYHA functional class
I or II), many of whom did not even require diuretic
therapy. Further, it is highly likely that a substantial
portion of HF patients in the LEADER trial had HF
with preserved ejection fraction, a condition in which
the effects of GLP-1 analogs remains unknown.
Further, liraglutide increased heart rate by only
3 beats/min in the LEADER cohort compared with
6 beats/min in the FIGHT population. The association
of increased heart rate with poor outcomes is well
documented in HFrEF. Finally, the post hoc nature of
the current analysis raises the possibility of unrec-
ognized baseline differences between the liraglutide
and placebo cohorts.

GLP-1 receptor agonists and SGLT2 inhibitors have
rapidly emerged as new therapeutic classes of anti-
hyperglycemic agents that can also reduce cardio-
vascular risk among patients with established
atherosclerotic disease (2,3). Although both agents
appear to reduce atherosclerotic MACE to a similar
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degree, SGLT2 inhibitors have also been shown to
lower HF hospitalizations in both diabetic and
nondiabetic patients. Further, recent data have
established the safety and efficacy of the specific
agent, dapagliflozin, among patients with established
HF (8). The findings from the LEADER trial suggest
that liraglutide is at least safe and potentially bene-
ficial in lowering the rate of adverse cardiac events
among HF patients. However, findings from ongoing,
statistically more robust randomized clinical trials
will determine whether liraglutide, another GLP-1
agonist, or the rapidly expanding class of SGLT2 in-
hibitors will “lead” adjunctive diabetic management
among established HF patients.
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Dec, Cardiology Division, Massachusetts General
Hospital, Yawkey 5B, Boston, Massachu-
setts 02114. E-mail: gdec@partners.org. Twitter:
@MGHHeartHealth.
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