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Abstract 

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are widely used in the management of type 2 
diabetes and obesity due to their metabolic benefits. Beyond weight loss and glycemic control, 
emerging evidence suggests they may also exert cardioprotective effects. In the context of heart 
failure (HF), particularly HF with preserved ejection fraction (HFpEF), GLP-1RAs have been 
associated with improvement in symptoms, physical capacity, biomarkers and structural cardiac 
remodeling. These benefits appear to be independent of weight loss, suggesting additional 
mechanisms including anti-inflammatory effects, improved myocardial metabolism or modulation 
of epicardial adipose tissue. However, current data largely come from non-HF dedicated trials, with 
limited standardization of HF phenotype. Results are overall inconsistent and may suggest potential 
harm in some cases, particularly in HF with reduced ejection fraction (HFrEF). This review aims to 
summarize the current evidence on the role of GLP-1RAs in heart failure, explore possible underlying 
mechanisms and highlight key gaps in knowledge. 
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1. Introduction 

Heart Failure (HF) is a progressive syndrome with diverse clinical manifestations, often 
resulting in considerable morbidity and mortality. Epidemiological data show a stabilization or 
decline in the incidence in high-income countries. However, its prevalence continues to increase due 
to better pharmacological treatments and therefore improved survival [1,2]. 
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Current clinical guidelines divide HF into two different phenotypes: HF with reduced ejection 
fraction (HFrEF) and HF with preserved ejection fraction (HFpEF), since these two entities have 
different prevalence rates, incidences, treatments and prognoses. 

Diabetes has proven to be a cornerstone in the HFpEF and HFrEF development, with complex 
and multiple pathways resulting in adverse myocardial remodelling and muscle dysfunction. There 
is a two- to four-fold increased risk of HF among people with diabetes compared to those without 
[3]. Conversely, heart failure itself increases the risk of developing type 2 diabetes, likely due to 
shared mechanisms such as insulin resistance and systemic inflammation[4,5]. 

Cardiovascular Outcome Trials of new diabetes treatments, such as SGLT2 inhibitors, showed 
positive results in terms of HF hospitalization and mortality, independent of HbA1c levels [6]. These 
findings prompted further research to assess whether other therapies could replicate these 
cardiovascular benefits. 

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are incretin-based therapies that have 
consistently shown a reduction in major adverse cardiovascular events (MACE) across multiple 
randomized controlled trials (RCT). Nonetheless, their impact on heart failure outcomes remains 
more equivocal and less well-established [7]. 

This review seeks to describe in detail the existing clinical and mechanistic evidence regarding 
GLP-1 receptor agonists in HF, trying to fill the gaps in current knowledge and explore potential 
future directions in terms of cardiovascular disease management. 

2. GLP-1 Physiology and Mechanism of Action of Its Analogues 

GLP-1 is a small peptide produced in the gastrointestinal tract (mucosal L-cells), pancreatic islet 
α-cells and central nervous system (nucleus of the solitary tract).[8] It is rapidly deactivated by local 
gut and systemic dipeptidyl peptidase-4 (DPP-4) expression and subsequently eliminated from 
circulation via kidneys; being this the explanation of its short half-life and low plasma levels [9]. 

GLP-1 receptors (GLP-1 Rs) were initially detected in Islet ß-cells and the central nervous system 
(CNS). Further studies also identified these receptors in other organs and tissues such as pancreatic 
exocrine cells, the autonomic and enteric nervous system, blood vessels and Brunner’s glands [10]. 
Heart is not an exception, with GLP-1R being present in four cardiac chambers and sinoatrial node 
[11]. 

GLP-1RAs are analogues of endogenous GLP-1. These have been structurally modified to 
impede its hydrolysis thus expanding its half-life[8]. By activating GLP-1R they stimulate insulin 
secretion, inhibit glucagon release, delay gastric emptying, and reduce appetite through central 
nervous system signaling [12]. 

The pleiotropic presence of this receptors also contribute in several other mechanisms of actions 
initially less well-defined but also remarkably important. These effects involve mechanisms related 
to microcirculation, endothelial function, systemic inflammation and cardiovascular function, among 
others [13]. A detailed description of the main functional characteristics of these analogues is 
provided below: 

2.1. Role of GLP-1 in Glycaemia 

GLP-1 stimulates glucose-dependent insulin secretion, enhances proliferation and mitigates 
pancreatic β-cell apoptosis, maintaining their quality and functionality. Not only is its effect insulin-
mediated, but it also inhibits glucagon release from α-cells, which subsequently inhibits hepatic 
gluconeogenesis. Downregulation of glucagon secretion further controls blood glucose levels 
through a negative feedback mechanism. 

Moreover, effects on the gastrointestinal system such as gastric emptying delay and appetite 
decrease further play a role in reducing blood glucose production, which contributes to overall blood 
glucose control [8]. 
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Subtle differences can be seen between GLP-RAs: long-acting agents (liraglutide, albiglutide, 
dulaglutide and semaglutide) seem to have a stronger glucose-lowering potential when compared to 
short-acting ones (exenatide, lixisenatide). The overall effect is about a 1-2% drop in HbA1c levels [7]. 

2.2. Role of GLP-1 in Body Weight 

GLP-1 RAs were initially designed as a glucose-lowering therapy, but their effects on body 
weight made them seen as the key to treat diabetes as well as its surrounding comorbidities. 

Owing to the CNS GLP-1Rs, these drugs have been seen to reduce appetite and food intake. 
Additionally, they influence satiety and thus reduce food consumption. The reason for these effects 
is found in the POMC/CART and NPY/AgRP neurons of the hypothalamus, which are the main ones 
responsible for hunger and fullness sensations, respectively [8]. 

A local and direct effect of GLP-1 in the stomach also plays a crucial role, reducing gastric 
motility and prolonging food retention. Furthermore, GLP-1 can slow down gastric emptying by 
activating the vagus nerve [9]. 

Recent meta-analyses demonstrated that this effect translated into sustained weight loss (from 6 
to 18% depending on the GLP-1RAs), BMI reductions, and lower waist circumferences. Greater 
benefits have been found in younger women, people without diabetes, those with higher basal BMI, 
and longer treatment periods [10,11]. 

2.3. Role of GLP-1 in Lipid Profile 

Whereas effect of GLP-1RAs is unequivocal when it comes to glucose-lowering potential or 
weight loss; less is known when it comes to lipid profile effect, probably due to the complexity and 
heterogeneity of its mechanism of action. 

It has been seen to modulate hepatic intrinsic lipid metabolism and lipolysis, with some studies 
pointing out that it can reduce liver fat synthesis. It also modulates liver cholesterol metabolism and 
promote intracellular cholesterol homeostasis [9]. 

In recent clinical trials, there has been minor reductions in LDL-Cholesterol (range -0.08 to -0.16 
mmol/L), total cholesterol (range -0.16 to -0.27 mmol/L) and triglycerides compared to placebo [10]. 

It remains uncertain whether these effects can be maintained over prolonged treatment periods. 
Taking into account the appetite-suppressing and satiety-inducing properties of GLP-1RAs, 
associated behavioural changes and weight loss may also play a role in improving lipid profiles, but 
this has not yet been formally studied [7]. 

2.4. Role of GLP-1 in Inflammation 

GLP-1RAs have also been shown to reduce systemic inflammatory marker levels. This is of 
special interest given the relationship between inflammation and cardiovascular disease, and 
whether this could explain the cardioprotective effects of these drugs [11]. 

Recent studies have shown direct and indirect anti-inflammatory effects of these drugs. On the 
one hand, there are consistent reductions in expression and release of proinflammatory cytokines (IL-
6, TNF-α), inhibition of NF-κB, a key factor involved in the regulation of inflammatory processes, 
reduced chemokine adhesion, modulation of macrophage activation, and inhibition of immune cell 
infiltration [12]. 

On the other hand, patients with obesity and T2D usually display low-grade systemic 
inflammation (thought to be secondary to ectopic and epicardial fat accumulation, hyperglycemia, 
and dyslipidemia). Strict control of these classical cardiovascular risk factors may also play a role in 
mitigating inflammatory response, albeit this complicates interpretation of the anti-inflammatory 
actions of GLP-1RAs [7]. 

Clinical data from STEP Trial (Semaglutide Treatment Effect in People with Obesity), which 
studied weight loss effects of Semaglutide, showed a consistent 30-40% reduction in C-reactive 
protein levels [13,14]. These findings are supported by further research and meta-analyses, showing 
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reductions in C-reactive protein (a median of -0.54mg/L) and TNF-α levels [15]. These anti-
inflammatory markers are not associated with HbA1c levels, suggesting that their effects may be 
mediated through an independent mechanism of action. 

2.5. Role of GLP-1 in Blood Pressure (BP) 

Clinical studies have shown that there is a direct relationship between GLP-1RAs and blood 
pressure. Recent meta-analyses demonstrated that GLP-1RAs, especially short-acting GLP-1RAs, 
have a mild lowering BP effect. On average, there is a 2.4-5mmHg reduction in blood pressure, 
depending on the type of GLP-1RAs and the basal BP. This effect is sustained during treatment [16]. 

To date, particular pathways involved in this BP reduction are not yet fully understood. 
Preclinical studies show that GLP-1RAs can have a direct effect to the carotid body by diminishing 
its sympathetic excitability, with this being a promising target for managing cardiovascular 
metabolism [17]. 

Not only is this a possible target; GLP-1RAs have also been shown to affect in salt homeostasis 
and in atrial natriuretic peptide (ANP) production [18,19]. Other crucial factors that may play a role 
include weight loss and better glycemic control, albeit the blood pressure-lowering effects appear to 
be independent of HbA1c levels [20]. 

This effect, although mild, should not be underestimated, since randomized clinical trials have 
demonstrated that 5mmHg systolic blood pressure reductions correlate with 10% decrease of major 
cardiovascular events, even at normal or high-normal blood pressure values [21]. 

2.6. Role of GLP-1 in Heart Rate (HR) 

Studies in healthy volunteers, obese subjects and T2DM patients have demonstrated that 
infusion of GLP-1RAs acutely increases HR [22,23]. This increase is on average about 2-4bpm, as 
previously described in meta-analyses of 60 randomized controlled clinical trials with GLP-1RAs. 
This effect quickly wanes when the drug is eliminated [10]. 

Firstly hypothesized to be mediated by vasodilatation and reflex tachycardia, but recent studies 
described direct chronotropic effects on the heart mediated by receptors in the sinus node cells 
(stimulating calcium signalling via PKA dependent phospholyration of Ca2+ cycling proteins) [24]. 

Subtle differences between GLP-1RAs have been noted, with a pronounced and prolonged 
increase in 24h mean HR with long-acting agents, while short-acting ones lead to a more transient 
increase that reverts few hours after injection [25]. 

Although the deleterious effects of increased heart rate in cardiovascular patients -especially 
those with HFrEF- are well known [26], initial Cardiovascular Outcome Trials of GLP-1RAs did not 
report an increased cardiovascular risk in individuals with T2DM at high cardiovascular risk [27–29]. 
However, in subjects with both T2DM and advanced HF, the available but scarce data raise some 
concern [30]. 

2.7. Role of GLP-1 in Endothelial Function and Atherosclerosis 

Endothelial cells constitute the inner surface of all blood vessels. The concept of ‘endothelial 
function’ is both diverse and complex at the same time. The endothelium is responsible for a variety 
of effects, involving vascular tone, vascular permeability, microcirculation and acting as organ-
specific barriers, among others. The way of measuring its function must be, therefore, 
multiparametric [31]. 

Pathways involved in GLP-1RAs and endothelial function are heterogeneous. GLP-1RAs have 
been described to improve insulin-sensitivity, which enhances endothelial function, to activate nitric 
oxide (NO) synthase which produces vasodilatation and reduce VCAM-1 and ICAM-1 expression, 
mitigating local inflammation [32–34]. 

Coronary circulation has also been within the scope of these drugs. Directed studies have 
demonstrated an improvement in the coronary flow velocity reserve after 12 weeks of treatment with 
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exenatide in T2DM patients, which inversely correlated with ICAM-1 and VCAM-1 levels, 
highlighting its anti-inflammatory effects [35,36]. Other research has demonstrated a protective effect 
with intravenous infusion of GLP-1RAs in patients with coronary artery disease when assessed 
during dobutamine stress test [37]. 

The aforementioned effects have been shown to contribute to the stabilisation of the 
atherosclerotic process. These include not only endothelial preservation and reductions in 
proinflammatory cytokines, but also improvements in lipid profiles, blood pressure control, and 
glycemic regulation, as previously described. Although the underlying mechanisms are diverse, they 
appear to converge towards a common cardioprotective pathway. This may help explain the 
observed reduction in major adverse cardiovascular events (MACE) among patients with type 2 
diabetes and established cardiovascular disease treated with GLP-1RAs, as will be discussed further. 

3. General Cardiovascular Effects of GLP-1RAs 

Randomized clinical trials involving patients with T2D have demonstrated that strict glycemic 
control reduces the risk of microvascular complications. However, its effect on MACE remains less 
clearly established [38,39]. Subsequent studies revealed that certain glucose-lowering agents, 
particularly thiazolidinedione and DPP4 inhibitors, could paradoxically increase the risk of 
cardiovascular events despite effective glycemic control [40–42]. 

These unexpected findings prompted regulatory agencies to mandate robust cardiovascular 
outcome data from RCT for all newly developed antidiabetic therapies – leading to the 
implementation of the so-called cardiovascular outcome trials (CVOTs). 

Ironically, some of these agents not only demonstrated cardiovascular safety but also showed 
significant cardiovascular benefit, most notably the SGLT2 inhibitors [6]. Similarly, GLP-1RAs have 
yielded comparable results: 

3.1. GLP-1RAs Cardiovascular Outcome Trials Results 

To this date, eight different RCT regarding GLP-1RAs and cardiovascular outcomes in T2D 
patients have been published [23,27,29,43–47]. All trials sought to determine whether GLP-R1As had 
a detrimental effect on cardiovascular outcomes. 

Published between 2015 and 2021, these eight trials were (in order of when their primary results 
were reported): ELIXA (lixisenatide) [27], LEADER (liraglutide) [43], SUSTAIN-6 (semaglutide) [29], 
EXSCEL (exenatide) [44], Harmony Outcomes (albiglutide) [45], REWIND (dulaglutide) [46], 
PIONEER 6 (oral semaglutide) [23] and AMPLITUDE-O (efpeglenatide) [47]. 

All eight randomized controlled trials (RCTs) shared key methodological and clinical 
characteristics: all enrolled participants were adults (age >18 years) with T2DM and established or 
high/very-high cardiovascular risk. Notably, ELIXA exclusively enrolled patients who had recently 
experienced an acute coronary syndrome (ACS). 

Each trial employed a double-blind, parallel-group design. Among them, PIONEER 6 was the 
smallest in terms of sample size (n=3,183) and had the shortest median follow-up duration (1.3 years). 
In contrast, EXSCEL randomized the largest number of participants (n=14,752), while REWIND had 
the longest follow-up period (median 5.4 years). MACE was the primary endpoint for all trials, apart 
from ELIXA which also included hospital admission for unstable angina to the primary endpoint. 

The general characteristics of the study populations showed a mean age ranging from 60 years 
(ELIXA) to 66 years (PIONEER 6 and REWIND). The majority of patients were white, with 
proportions ranging from 70 to 87% in Harmony Outcomes and AMPLITUDE-O respectively. Most 
of them were male, with the lowest proportion of males found in REWIND trial (54%). 

All participants in the ELIXA and Harmony Outcomes trials had established cardiovascular 
disease at the time of randomization. In contrast, the remaining trials enrolled individuals with either 
established CV disease or at high CV risk. Of note, the REWIND trial included the lowest proportion 
of participants with established cardiovascular disease (n=3,114; 31%). Other basic characteristics and 
main results can be found in Figure 1. 
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ELIXA 

(n=6068) 
LEADER 
(n=9340) 

SUSTAIN-6 
(n=3297) 

EXSCEL 
(n=14752) 

Harmony 
Outcomes (n=9463) 

REWIND 
(n=9901) 

PIONEER 6 
(n=3183) 

AMPLITUDE-
O (n=4076) 

Drug Lixisenatide Liraglutide Semaglutide Exenatide Albiglutide Dulaglutide Semaglutide Efpeglenatide 
Age 60.6 (±9.6) 64 (±7.2) 64.6 (±7.4) 62.0 (±6) 64 (±8.7) 66.2 (±6.5) 66 (±7) 64.5 (±8.2) 

Sex (male) 4207 (69%) 6003 (64%) 2002 (61%) 9149 (62%) 6569 (69%) 5312 (54%) 2176 (68%) 2732 (67%) 
Follow-up (median, years) 2.1 3.8 2.1 3.2 1.6 5.4 1.3 1.81 

BMI (kg/m2) 30.1 (±5.6) 32.5 (±6.3) 32.8 (±6.2) 32.7 (±6.4) 32.3 (±5.9) 32.3 (±5.7) 32.3 (±6.5) 32.7 (±6.2) 
HbA1c, % 7.7 (±1.3) 8.7 (±1.6) 8.7 (±1.5) 8.1 (±1.0) 8.7 (±1.5) 7.3 (±1.1) 8.2 (±1.6) 8.9 (±1.5) 

eGFR, mL/min per 1.73m2 78 (±21) 80 (NR) 80 (61-92) 77 (61-92) 79 (±25) 77 (±23) 74 (±21) 72 (±22) 
Previous CVD, % 100% 81% 83% 73% 100% 31% 85% 90% 

HF history, % 22% 18% 24% 16% 20% 9% NR 18% 
SGLT2i use, % NR NR <1% 1% 6% <1% 10% 15% 
3-point MACE 1.02 (0.89-1.17) 0.87 (0.78-0.97) 0.74 (0.58-0.95) 0.91 (0.83-1.00) 0.78 (0.68-0.90) 0.88 (0.79-0.99) 0.79 (0.57-1.11) 0.73 (0.58-0.92) 

CV death 0.98 (0.78-1.22) 0.78 (0.66-0.93) 0.98 (0.65-1.48) 0.88 (0.76-1.02) 0.93 (0.73-1.19) 0.91 (0.78-1.06) 0.49 (0.27-0.92) 0.72 (0.50-1.03) 
Nonfatal MI 1.03 (0.87-1.22) 0.86 (0.73-1.00) 0.74 (0.51-1.08) 0.97 (0.85-1.10) 0.75 (0.61-0.90) 0.96 (0.79-1.16) 1.18 (0.73-1.90) 0.78 (0.55-1.10) 

Nonfatal Stroke 1.12 (0.79-1.58) 0.86 (0.71-1.06) 0.61 (0.38-0.99) 0.85 (0.70-1.03) 0.86 (0.66-1.14) 0.76 (0.61-0.95) 0.74 (0.35-1.57) 0.80 (0.48-1.31) 
HF hospitalizations 0.96 (0.75-1.23) 0.87 (0.73-1.05) 1.11 (0.77-1.61) 0.94 (0.78-1.13) NA 0.93 (0.77-1.12) 0.86 (0.48-1.55) 0.61 (0.38-0.98) 
All-cause mortality 0.94 (0.78-1.13) 0.85 (0.74-0.97) 1.05 (0.74-1.50) 0.86 (0.77-0.97) 0.95 (0.79-1.16) 0.90 (0.80-1.01) 0.51 (0.31-0.84) 0.78 (0.58-1.06) 

Figure 1. Data are mean (SD), n (%), or median (IQR), unless otherwise specified. eGFR: estimated glomerular 
filtration rate. NR/NA: not reported/assessed. 

Overall, the eight CVOTs demonstrated a reduction in three-point MACE, primarily driven by 
a lower incidence of fatal or non-fatal stroke, along with a trend toward reduced rates of non-fatal 
myocardial infarction, cardiovascular death, and all-cause mortality. GLP-1 receptor agonists 
appeared to have little or no effect on hospitalization for heart failure, with the exception of 
AMPLITUDE-O (Efpeglenatide) and Harmony Outcomes (Albiglutide), which showed a statistically 
significant reduction in HF events. These cardiovascular benefits were more pronounced in patients 
with type 2 diabetes and established cardiovascular disease. 

However, the interpretation of these findings was limited by relevant differences across the 
trials: different molecules (especially exendin-4 base GLP-1RAs vs. human-based GLP-1RAs) which 
could alter the results [48], different baseline cardiovascular risk and event rates, as well as 
differences in trial design and duration. Furthermore, hospitalization for heart failure was not a 
primary endpoint in most studies, and heart failure phenotyping was generally lacking, as will be 
discussed further. 

Subsequent meta-analyses of eight CVOT helped clarifying these observations. Giugliano et al. 
[49] demonstrated that GLP-1RAs in T2DM individuals reduced the risk of MACE by 14% (HR = 0.86, 
95% CI, 0.79-0.94, p=0.006) compared with placebo, driven by a reduction in all three components. 
There was a 13% reduction in the risk of CV mortality (HR = 0.87, 95% CI, 0.78-0.96, p=0.016), fatal or 
non-fatal MI (HR = 0.91, 95% CI, 0.81-1.01, p=0.078) and non-fatal stroke (HR = 0.84, 95% CI, 0.76-0.94, 
p=0.007). All cause-mortality (HR=0.88, 95% CI, 0.80-0.96, p=0.012) and hospitalization for heart 
failure (HR=0.90, CI 95%, 0.83-0.98, p=0.023) were also significantly reduced. Individuals with prior 
CVD seemed to benefit more from this effect. 

Kristensen et al. [50] and Sattar et al. [51], confirmed these findings. Especially the latter, who 
demonstrated that these effects were consistent across multiple subgroups. No significant differences 
in the outcomes were observed based on the presence or absence of established cardiovascular 
disease, baseline HbA1c level, median duration of follow-up, type of GLP-1RAs (human-based vs. 
exendin-4 based), BMI (<30 vs. >30kg/m2), Age (<60 vs. >60 years) and baseline estimated GFR (<60 
vs. >60 mL/min/1.73m2). 

Notably, this analysis also demonstrated that with the exclusion of the ELIXA trial, HRs led to 
an overall improvement across all outcomes. Treatment with GLP-1 receptor agonists was associated 
with a 15% relative risk reduction in MACE (HR 0.85; 95% CI 0.80–0.90; p<0.0001), a 15% reduction 
in CV death (HR 0.85; 95% CI 0.78–0.93; p=0.0005), a 12% reduction in fatal or non-fatal MI (HR 0.88; 
95% CI 0.81–0.96; p=0.0048), and a 19% reduction in fatal or non-fatal stroke (HR 0.81; 95% CI 0.74–
0.90; p<0.0001). The NNT to prevent one MACE outcome over a weighted average mean follow-up 
of 3.0 years was 65 patients. 

In conclusion, in patients with T2D who are at a high/very-high cardiovascular risk GLP-1RAs 
have been found to reduce the incidence of major adverse cardiovascular events, including 
cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke, as well as all-cause 
mortality and hospitalization for heart failure. 
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4. GLP-1RAs and Chronic Heart Failure (HF) 

Alterations in cardiac metabolism—such as impaired fatty acid oxidation and myocardial 
insulin resistance—are recognized contributors to the pathophysiology of heart failure [52]. 
However, current heart failure therapies do not specifically target these metabolic abnormalities. 

Preclinical studies have demonstrated that recombinant GLP-1 improves myocardial insulin 
sensitivity and confers cardioprotective effects during ischemic conditions [37]. In a pilot clinical trial, 
administration of recombinant GLP-1 was linked to enhanced cardiac function and increased exercise 
tolerance in individuals with advanced HF and reduced left ventricular ejection fraction (LVEF) [53]. 

However, although these findings and that the results from CVOTs have suggested a potential 
reduction in hospitalization for heart failure with GLP-1 receptor agonists -estimated at 
approximately 10–11% in recent meta-analyses [54,56]- the findings from dedicated trials have been 
less encouraging. 

4.1. GLP-1RAs and Heart Failure with Reduced Ejection Fraction (HFrEF) 

The FIGHT trial (Functional Impact of GLP-1 for Heart Failure Treatment) was a randomized 
controlled trial that included 300 patients with advanced heart failure and a recent hospitalization 
for decompensated HF. Participants were randomized to receive liraglutide or placebo for 180 days. 
The primary endpoint was a global rank score incorporating time to death, time to rehospitalization 
for HF, and change in NT-proBNP levels. No significant difference was observed between groups (p 
= 0.31). Additionally, liraglutide was associated with an increase in heart rate and a non-significant 
tendency toward higher rates of rehospitalization for heart failure in patients with T2D (p = 0.07) [54]. 

Another randomized trial including 82 patients with heart failure in NYHA class II or III and 
LVEF <40% failed to demonstrate significant differences in LVEF (2.4% ± 1.1% vs. 4.4% ± 1.1%; p = 
0.22), 6-minute walk distance (18 ± 12 m vs. 9 ± 11 m; p = 0.58), or peak oxygen consumption after 12 
weeks of treatment with albiglutide [55]. 

Finally, in the LIVE trial, 241 patients with reduced LVEF were randomized to receive either 
liraglutide or placebo for 24 weeks. No significant difference in LVEF was observed between groups 
(mean difference −0.8% [−2.1 to 0.5]; p = 0.24). However, patients treated with liraglutide experienced 
a higher incidence of serious cardiac events, including one death due to ventricular tachycardia (VT), 
non-fatal VT, atrial fibrillation requiring intervention, and one case of worsening heart failure [56]. 

These findings were subsequently supported by a post hoc analysis of the FIGHT trial, which 
demonstrated a consistent pattern of increased adverse events associated with liraglutide compared 
to placebo. This signal appeared to be primarily driven by a higher incidence of arrhythmias and 
worsening heart failure events, particularly among patients with more advanced HF (NYHA class III 
or IV symptoms) or those with concomitant type 2 diabetes [30]. 

Therefore, based on the current evidence, the use of GLP-1RAs in patients with established 
moderate to severe HF should be approached with caution. This is due to a potential increased risk 
of HF hospitalizations and a higher incidence of arrhythmic events. These adverse effects may be 
attributed to the ability of GLP-1RAs to increase heart rate and activate cyclic adenosine 
monophosphate (cAMP) signaling pathways, physiological mechanisms that could be harmful in 
individuals with HFrEF [57]. 

Several factors may explain the discrepancies observed between CVOTs and dedicated HF rials 
regarding the effects of GLP-1 receptor agonists (GLP-1RAs). 

Firstly, none of the CVOTs included HF as a primary endpoint. Hospitalization for heart failure 
(HHF) was typically assessed as a secondary outcome, resulting in insufficient statistical power to 
detect meaningful differences in HF events. 

Secondly, there was no standardized or universally applied definition of HF across these trials. 
Additionally, most CVOTs lacked comprehensive clinical characterization of HF, including data on 
symptom burden, NT-proBNP levels, echocardiographic findings, or concurrent HF-specific 
treatments. 
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Thirdly, patients with HF—particularly those with HFrEF—were underrepresented in these 
trials. Most of the HF population included appeared to have HFpEF, as illustrated in the EXSCEL 
trial, where LVEF data were available for 33% of participants and over 90% of them had an LVEF 
≥40%. 

These differences have prompted the design of dedicated RCT with the objective of evaluating 
the effects of GLP-1RAs in well-defined HF populations. In particular, recent studies have focused 
on specific heart failure phenotypes, especially HFpEF. 

4.2. GLP-1RAs and Heart Failure with Preserved Ejection Fraction (HFpEF) 

About 80% of patients with HFpEF also are overweight or obese [58]. Obesity has been widely 
recognized as a key contributor to HFpEF development and progression. 

Visceral adiposity is a central known driver of both systemic and local inflammation, plasma 
and blood volume expansion, vasoconstriction, and increased epicardial and chest wall adiposity. 
These factors eventually lead to adverse cardiac remodelling with subsequent structural changes in 
ventricular structure and function (such as diastolic dysfunction, myocardial stiffness or left 
ventricular hypertrophy), which are hallmarks of HFpEF [59]. 

This has converted obesity in not only a comorbidity but a target to treat HFpEF and thus recent 
trials have focused on this population. 

The first trial which explored this situation was the SELECT Trial, designed to assess 
cardiovascular outcomes in obese patients (BMI >27kg/m2) without diabetes and with established 
atherosclerotic cardiovascular disease [60]. While the primary endpoint focused on MACE, 
prespecified exploratory analyses examined a composite of HF–related outcomes which was defined 
as HF hospitalization, urgent medical visits or death from cardiovascular causes. In this study, there 
were 4286 HF patients, of whom 31.4% had HFrEF, 53% had HFpEF, and 15.5% had unclassified HF. 

Semaglutide was associated with a significant 18% reduction in the overall risk of HF–related 
outcomes compared to placebo (HR 0.82; 95% CI, 0.68–0.98). However, when evaluating individual 
components, the reduction in hospitalization or urgent medical visits for heart failure did not reach 
statistical significance (HR 0.79; 95% CI, 0.60–1.03). An important limitation to bear in mind is that 
the trial did not clearly define HF phenotypes, who were adjudicated by the site investigator at the 
time of enrolment. 

To address this limitations, two dedicated clinical trials were conducted: STEP-HFpEF and 
STEP-HFpEF DM (both of them including LVEF >45% as an inclusion criteria). 

In the STEP-HFpEF trial, 529 patients with obesity and HFpEF were randomized in a 1:1 ratio to 
receive either semaglutide 2.4 mg or placebo for 52 weeks. The co-primary outcomes were the change 
from baseline in the Kansas City Cardiomyopathy Questionnaire clinical summary score (KCCQ-
CSS) and the percentage change in body weight. Secondary endpoints included a hierarchical 
composite outcome encompassing heart failure events [61]. 

The study showed significant improvements in both co-primary outcomes: the mean change in 
KCCQ-CSS was +16.6 points in the semaglutide group compared to +8.7 points in the placebo group, 
and the mean percentage reduction in body weight was −13.3% versus −2.6%, respectively, both being 
statistically significant. 

While fewer HF events were observed in the semaglutide group vs. placebo (1 and 12 events 
respectively), the small number of events limited the statistical power, and thus this finding was 
considered exploratory. 

Similarly, the STEP-HFpEF DM trial enrolled 616 patients with obesity, HFpEF, and T2D. 
Participants were randomized in a 1:1 ratio to receive either semaglutide 2.4 mg or placebo. Results 
mirrored those of the STEP-HFpEF trial, with a significantly greater improvement in KCCQ-CSS at 
52 weeks in the semaglutide group (+13.7 vs. +6.4 points; p<0.001) and a significantly larger 
percentage reduction in body weight (−9.8% vs. −3.4%; p<0.001) [62]. 

In the STEP-HFpEF DM, adjudicated heart failure events (hospitalizations or urgent medical 
visits for HF) were less frequent in the semaglutide group compared to placebo (7 [2.3%] vs. 18 [5.9%] 
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events; HR 0.40; 95% (CI 0.15–0.92), consistent with findings from the STEP-HFpEF trial. However, 
the absolute number of events remained relatively low, and this outcome should be interpreted with 
caution. 

Taken together, the STEP-HFpEF and STEP-HFpEF DM trials demonstrated that once-weekly 
semaglutide 2.4 mg significantly improved HF-related symptoms, physical limitations, exercise 
capacity, and reduced body weight in patients with HFpEF—regardless of diabetes status. 

Interestingly, a pre-specified pooled analysis of these two trials assessing the impact of baseline 
diuretic use showed that symptomatic improvement with semaglutide was more pronounced among 
patients already receiving loop diuretics. Moreover, loop diuretic dose was reduced by 17% in the 
semaglutide group, compared to a 2% increase in the placebo group (p<0.0001). These findings 
suggest that the benefits of semaglutide extend beyond weight loss and may also involve modulation 
of other key metabolic mechanisms in HFpEF [63]. 

These results were further supported by a prespecified analysis of the FLOW trial, which 
demonstrated that people with T2D and chronic kidney disease treated with semaglutide had a 
significantly prolonged time to first HF events (HR: 0.73; 95% CI: 0.58-0.92; p=0.0068) and CV death 
(HR: 0.71; 95% CI: 0.56-0.89; p=0.0036); regardless of prior history of HF [64]. 

Similar to the SELECT trial, the FLOW trial was not specifically designed to evaluate heart 
failure outcomes, and therefore lacked systematic echocardiographic assessments and detailed HF 
phenotyping of all participants. 

However, given the similarities across these four trials and the consistent trend toward heart 
failure (HF) benefits with semaglutide in HFpEF, Kosiborod et al. (2024) conducted a pooled analysis 
which included 1,914 patients with HFpEF randomized to semaglutide and 1,829 to placebo. 
Semaglutide significantly reduced the risk of the composite endpoint of cardiovascular death or HF 
events (5.4% vs. 7.5%; HR 0.69, 95% CI 0.53–0.89; p=0.0045), as well as the risk of worsening HF events 
(2.8% vs. 4.7%; HR 0.59, 95% CI 0.41–0.82; p=0.0019). No significant effect was observed on 
cardiovascular death alone (3.1% vs. 3.7%; HR 0.82, 95% CI 0.57–1.16; p=0.25) [65]. 

Importantly, the benefit appeared attenuated in patients with LVEF <50% (representing 11% of 
participants – mainly derived from the SELECT and FLOW trials) or BMI <35 kg/m², suggesting that 
the observed effects may not extend uniformly across all HFpEF subgroups and should be interpreted 
with caution in these populations. 

In a final noteworthy contribution, the SUMMIT trial was designed to further reinforce the 
emerging evidence on the role of GLP-1RAs in HF. The SUMMIT Trial randomized patients with 
HFpEF (defined as LVEF >50%) and obesity (BMI >30kg/m2), assigning them to receive either 
tirzepatide or placebo. Tirzepatide significantly reduced the risk of the composite primary endpoint 
of cardiovascular death or worsening heart failure events (9.9% in the tirzepatide group vs. 15.3% in 
the placebo group; HR 0.62; 95% CI, 0.41–0.95; p=0.026). This effect was primarily driven by a 
reduction in worsening heart failure events (8.0% vs. 14.2%; HR 0.54; 95% CI, 0.34–0.85), with no 
significant difference observed in cardiovascular mortality (2.2% vs. 1.4%; HR 1.48; 95% CI, 0.52 to 
4.83) [66]. Figure 2 summarizes the key features of these trials. 

Of note, tirzepatide is not a pure GLP-1RA, but a dual GIP/GLP-1 receptor agonist, which 
implies a broader metabolic action that may enhance both glycemic control and weight reduction 
beyond what is typically seen with GLP-1RAs alone. 

In conclusion, GLP-1RAs appear to improve HF-related symptoms, physical activity, exercise 
capacity and body weight. Interestingly, this overall beneficial effect seems to be independent of the 
latter, suggesting that additional mechanisms may be involved. GLP-1RAs have also been associated 
with a reduced risk of worsening heart failure events (including urgent medical visits and 
hospitalizations for heart failure). 

This is supported by studies showing reductions in NT-proBNP levels among patients with 
HFpEF despite body weight loss (not seen in HFrEF). These findings are accompanied by favorable 
cardiac reverse remodeling, including reductions in LV mass and left atrial volume or improvements 
in diastolic function [67–70]. 
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However, these beneficial effects cannot be confirmed in HFrEF, where the impact of GLP-1RAs 
remains unclear and may even be potentially harmful. Therefore, their use in this population should 
be approached with caution. 

 
STEP HFpEF 

(n=529) 
STEP HFpEF DM 

(n=616) 
SUMMIT 

(n=731) 
FIGHT 
(n=300) 

Lepore et al 
(n=82) 

LIVE 
(n=241) 

Drug Semaglutide Semaglutide Tirzepatide Liraglutide Albiglutide Liraglutide 
Age  69 (62–75) 69 (62–74) 65.5 (±10.5) 61 (52-68) 56 (±10) 65 (±9.2) 
Sex (male) 43.9% 58.7% 45.1% 80% 74% 89% 
Follow-up (weeks) 52 52 104 25 12 24 
BMI (kg/m2) 37.0 (33.7–41.4) 36.9 (33.6–41.5) 38.3 (±6.4) 32 (26-37) 31 (±7) 28 (±3.8) 
T2D (%) 0% 100% 47.8% 59% 0% 32% 
eGFR, mL/min/m2 NR NR 64.5 (±23.7) NR NR 79 (±20) 
NT-proBNP, pg/mL 450.8 (218.2–1015.0) 477.8 (251.2–969.2) 196 (56–488) 1936 (1075-4231) 89.6 (±23.2) • 413 (208-926) 
LVEF, % 57.0 (50.0–60.0) 57.0 (50.0–61.0) 61.0 (6.5) 25% (20-33) 31% (1.6) 33.7% (7.6) 
Change in Quality of Life* 7.8 (4.8 to 10.9) 7.3 (4.1 to 10.4) 6.9 (3.3 to 10.6) 0.6 (−4.5 to 5.8) 2.5 (4.8), p=0.61 −1.6 (−5.3, 2.0) 
Body weight loss, %†† –10.7 (–11.9 to –9.4) –6.4 (–7.6 to -5.2) −11.6 (−12.9 to −10.4) −1.8 (−3.9 to 0.3) -1.6 (0.4), p=0.003 −0.8 (−1.1, −0.4) 
Change in 6-MWT distance 20.3 (8.6 to 32.1) 14.3 (3.7 to 24.9) 18.3 (9.9 to 26.7) 5 (−29 to 39) 9 (±16), p=0.58 24 (2 to 47), p=0.04 
HF event 0.08 (0.00 to 0.42)** 0.40 (0.15 to 0.92)** 0.62 (0.41 to 0.95)† 146 vs. 156, p=0.31¶ NA NA 

Figure 2. Data are mean (SD) or median (IQR), unless otherwise specified. eGFR: estimated glomerular filtration 
rate. NR/NA: not reported/assessed. BMI: Body Mass Index; T2D: Type 2 Diabetes; eGFR: estimated glomerular filtration 

rate; LVEF: Left Ventricle Ejection Fraction; KCCQ-CSS: Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; 

6-MWT: 6-minute walking test. * STEP HFpEF, STEP HFpEF DM, SUMMIT and FIGHT trial assessed quality of life with 

KCCQ-CSS. Lepore et al. and LIVE trial used Minnesota Living with Heart Failure Questionnaire ** HF event was a composite 

of hospitalization or urgent visit for heart failure (which required intravenous therapy). † HF event was a composite of 

hospitalization for HF, intravenous drugs in an urgent care setting, or intensification of oral diuretic therapy. †† Change in 

body weight was assessed in STEP HFpEF, STEP HFpEF-DM and SUMMIT as the percentual change of weight loss, whereas 

in FIGHT, Lepore and LIVE was net change in BMI. ¶ HF event was a global rank score across 3 hierarchical tiers: time to 

death, time to rehospitalization for heart failure, and time-averaged proportional change in N-terminal pro-B-type natriuretic 

peptide level from baseline to 180 days. • In Lepore et al, the results are expressed for Brain Natriuretic Peptide (in ng/L). 

5. Potential Mechanisms in Heart Failure 

Based on the previous data and the findings from multiple clinical trials, the beneficial effects of 
GLP-1RAs in HF, particularly HFpEF, cannot be solely attributed to weight loss. Improvements in 
clinical, functional outcomes, even in the absence of significant weight reduction, alongside evidence 
of structural cardiac changes in echocardiographic studies, suggest that GLP-1RAs are 
cardioprotective drugs themselves in a weight-independent way. 

Wang et al (2025), described multiple potential targets modulated by GLP-1RAs that might 
contribute to the cardiovascular outcomes previously described [71]. Among them is their effect on 
epicardial adipose tissue (EAT), which in excess is known to secrete proinflammatory adipokines, 
causing atrial and ventricular fibrosis secondary to deleterious local inflammation. This fibrotic 
remodeling contributes to increased myocardial stiffness and impaired diastolic function [72]. 

Beyond this local effect, chronic and low-grade systemic inflammation is also believed to play a 
central role in HFpEF, as observed in clinical trials showing elevated baseline elevated C-reactive 
protein levels in this population [61,66]. Notably, GLP-1RAs have demonstrated significant 
reductions in systemic inflammatory markers, though most studies are preclinical studies or trials in 
in patients with T2D [73]. 

Other significant contributors to this so-called obesity-related HFpEF syndrome might be 
influenced by changes in myocardial energy metabolism, an effect already described in other drugs 
with cardiovascular benefits such as SGLT2 inhibitors [74,75]. GLP-1RAs enhance insulin sensitivity 
and thus improve cardiac metabolic efficiency. Although this metabolic shift is not as well-described 
as in SGLT2 inhibitors, recent evidence suggest a favorable shift toward a more efficient substrate use 
in the myocardium [6,76,77]. 

Finally, additional mechanisms that have been postulated to take part in these outcomes are 
renin-angiotension-aldosteron system (RAAS) inhibition and atherosclerosis delaying, both of which 
could contribute to the overall cardioprotective profile of GLP-1RAs [71]. 
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6. Gaps in Knowledge and Future Perspectives 

GLP-1 receptors agonists have changed our understanding of cardiometabolic disease. Their 
benefits extend beyond traditional targets such as weight, blood pressure, or calculable biomarkers 
like HbA1c and LDL cholesterol. It is now necessary to also assess non-traditional risk factors, 
including systemic inflammation, oxidative stress, and endothelial dysfunction in our patients, 
regardless of their diabetic status or BMI. 

Despite extensive research into GLP-1 receptor agonists—including their mechanisms of action, 
systemic effects, and potential for weight loss and glycemic control—multiple questions remain 
regarding why they exert their effects in the way they do, particularly with respect to cardiovascular 
benefits and their role in heart failure, especially HFpEF. Future research should be focused on their 
mechanisms of action since direct studies from human individuals are lacking and all the hypotheses 
remain promising but inconclusive. 

When it comes to heart failure, the heterogeneity of results observed across trials may be largely 
explained by the absence of studies specifically designed to evaluate heart failure outcomes. Most of 
the available evidence comes from trials conducted in populations with type 2 diabetes or obesity, in 
which heart failure outcomes were often exploratory or secondary. Importantly, few studies have 
established a clear definition of heart failure phenotypes, and left ventricular ejection fraction (LVEF) 
was not consistently or accurately recorded. As a result, it remains unclear which patient subgroups 
may derive the greatest benefit from GLP-1RA therapy 

Furthermore, the primary endpoints in these trials were often soft outcomes—such as quality of 
life, exercise capacity, or six-minute walk distance—rather than hard cardiovascular endpoints like 
HF hospitalization or mortality. The inclusion of heterogeneous patient populations and trial designs 
also complicates the interpretation and generalization of findings. Distinct pathophysiological 
differences between HFpEF and HFrEF further raise concerns regarding the results across HF 
phenotypes. 

Finally, given the lack of dedicated trials, important questions remain regarding the long-term 
cardiovascular benefits of GLP-1RAs, particularly in the context of concurrent use of other 
cardioprotective agents such as SGLT2 inhibitors or after treatment discontinuation. There may be a 
potential weight regain and loss of glycemic control upon withdrawal, highlighting the need to assess 
possible rebound effects in patients with heart failure. Long-term data are needed to determine the 
durability of benefit, the optimal treatment duration, and strategies for maintaining improvements 
once therapy is stopped. 

In parallel, the safety profile of GLP-1RAs must be carefully considered. Commonly reported 
adverse effects include nausea, vomiting, diarrhea, and abdominal pain. GLP-1RAs have also been 
associated with an increased risk of gallbladder disease, gastroesophageal reflux, and, rarely, 
gastroparesis. Rare but serious adverse events include pancreatitis and potential worsening of 
diabetic retinopathy. Recently, an emerging signal has suggested a potential association with non-
arteritic anterior ischemic optic neuropathy (NAION). While causality remains unproven, this 
finding has raised concerns in certain populations and warrants further investigation [78,79]. 

7. Conclusions 

GLP-1 receptor agonists have emerged as promising agents in the management of 
cardiometabolic diseases. Beyond their well-established effects on glycemic control and weight loss, 
growing evidence suggests that GLP-1RAs exert beneficial effects on Heart Failure. 

Current evidence suggests that GLP-1RAs may improve quality of life, exercise capacity, heart 
failure symptoms, and cardiac remodeling, as well as reduce worsening heart failure events in 
patients with HFpEF. In contrast, concerns remain regarding their safety and potential harm in 
patients with HFrEF. 
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Dedicated heart failure trials are needed to better clarify the efficacy and safety across different 
HF phenotypes, especially on Heart Failure with reduced ejection fraction. Until then, GLP-1RAs 
remain a promising but incompletely understood therapeutic option. 

Funding: This research received no external funding. 

Acknowledgments: The authors have reviewed and edited the output and take full responsibility for the content 
of this publication. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Abbreviations 

The following abbreviations are used in this manuscript: 

BMI Body Mass Index 
BP Blood Pressure 
cAMP Cyclic adenosine monophosphate 
CI Confidence Interval 
CNS Central Nervous System 
CV Cardiovascular 
CVOT Cardiovascular Outcome Trials 
DPP-4 Dipeptidyl-peptidase-4 
EAT Epicardial Adipose Tissue 
eGFR Estimated Glomerular Filtration Rate 
GIP Glucose-dependent Insulinotropic Polypeptide 
GLP-1 Glucagon-like peptide -1 
GLP-1 RAs Glucagon-like peptide-1 receptor agonists 
HF Heart Failure 
HFrEF Heart Failure with Reduced Ejection Fraction 
HFpEF Heart Failure with Preserved Ejection Fraction 
HR Heart Rate 
KCCQ-CSS Kansas City Cardiomyopathy Questionnaire – Clinical Summary Score 
LVEF Left Ventricle Ejection Fraction 
MACE Major Adverse Cardiovascular Events 
RAAS Renin-Angiotensin-Aldosteron System 
RCT Randomized Clinical Trials 
T2DM Type 2 Diabetes Mellitus 
VT Ventricular Tachycardia 

References 

1. T. A. McDonagh et al., “2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart 
failure,” Sep. 21, 2021, Oxford University Press. doi: 10.1093/eurheartj/ehab368. 

2. M. S. Khan, I. Shahid, A. Bennis, A. Rakisheva, M. Metra, and J. Butler, “Global epidemiology of heart 
failure,” Oct. 01, 2024, Nature Research. doi: 10.1038/s41569-024-01046-6. 

3. R. Pop-Busui et al., “Heart Failure: An Underappreciated Complication of Diabetes. A Consensus Report of 
the American Diabetes Association,” Diabetes Care, vol. 45, no. 7, pp. 1670–1690, Jul. 2022, doi: 10.2337/dci22-
0014. 

4. P. Campbell, S. Krim, and H. Ventura, “Heart Failure and Diabetes The Epidemiology of Heart Failure in 
Diabetes Mellitus The Bi-directional Impact of Two Chronic Illnesses: Heart Failure and Diabetes-A review 
of the Epidemiology and Outcomes,” 2015. [Online]. Available: http://www.cdc.gov/diabetes/home 

5. M. Guglin, K. Lynch, and J. Krischer, “Heart failure as a risk factor for diabetes mellitus,” Cardiology 
(Switzerland), vol. 129, no. 2, pp. 84–92, Nov. 2014, doi: 10.1159/000363282. 

6. T. Wilcox, C. De Block, A. Z. Schwartzbard, and J. D. Newman, “Diabetic Agents, From Metformin to SGLT2 
Inhibitors and GLP1 Receptor Agonists: JACC Focus Seminar,” Apr. 28, 2020, Elsevier Inc. doi: 
10.1016/j.jacc.2020.02.056. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2025 doi:10.20944/preprints202508.0824.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0824.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 16 

 

7. V. D. Heuvelman, D. H. Van Raalte, M. M. Smits, and M. M. Smits, “Cardiovascular effects of GLP-1 
receptor agonists: from mechanistic studies in humans to clinical outcomes.,” Cardiovasc Res, vol. 116, no. 
5, pp. 916–930, Apr. 2020, doi: 10.1093/cvr/cvz323/5673388. 

8. Z. Zheng et al., “Glucagon-like peptide-1 receptor: mechanisms and advances in therapy,” Signal Transduct 
Target Ther, vol. 9, no. 1, p. 234, Sep. 2024, doi: 10.1038/s41392-024-01931-z. 

9. T. Bu, Z. Sun, Y. Pan, X. Deng, and G. Yuan, “Glucagon-Like Peptide-1: New Regulator in Lipid 
Metabolism,” May 01, 2024, Korean Diabetes Association. doi: 10.4093/dmj.2023.0277. 

10. F. Sun et al., “Effect of glucagon-like peptide-1 receptor agonists on lipid profiles among type 2 diabetes: A 
systematic review and network meta-analysis,” Jan. 01, 2015, Excerpta Medica Inc. doi: 
10.1016/j.clinthera.2014.11.008. 

11. M. Hachuła, M. Kosowski, S. Ryl, M. Basiak, and B. Okopień, “Impact of Glucagon-Like Peptide 1 Receptor 
Agonists on Biochemical Markers of the Initiation of Atherosclerotic Process,” Int J Mol Sci, vol. 25, no. 3, 
Feb. 2024, doi: 10.3390/ijms25031854. 

12. G. Bendotti et al., “The anti-inflammatory and immunological properties of GLP-1 Receptor Agonists,” Aug. 
01, 2022, Academic Press. doi: 10.1016/j.phrs.2022.106320. 

13. J. P. H. Wilding et al., “Once-Weekly Semaglutide in Adults with Overweight or Obesity,” New England 
Journal of Medicine, vol. 384, no. 11, pp. 989–1002, Mar. 2021, doi: 10.1056/nejmoa2032183. 

14. D. Hullon, G. K. Subeh, Y. Volkova, K. Janiec, A. Trach, and R. Mnevets, “The role of glucagon-like peptide-
1 receptor (GLP-1R) agonists in enhancing endothelial function: a potential avenue for improving heart 
failure with preserved ejection fraction (HFpEF),” Dec. 01, 2025, BioMed Central Ltd. doi: 10.1186/s12933-
025-02607-w. 

15. J. J. H. Bray et al., “Glucagon-like peptide-1 receptor agonists improve biomarkers of inflammation and 
oxidative stress: A systematic review and meta-analysis of randomised controlled trials,” Diabetes Obes 
Metab, vol. 23, no. 8, pp. 1806–1822, Aug. 2021, doi: 10.1111/dom.14399. 

16. M. S. Abd El Aziz, M. Kahle, J. J. Meier, and M. A. Nauck, “A meta-analysis comparing clinical effects of 
short- or long-acting GLP-1 receptor agonists versus insulin treatment from head-to-head studies in type 2 
diabetic patients,” Diabetes Obes Metab, vol. 19, no. 2, pp. 216–227, Feb. 2017, doi: 10.1111/dom.12804. 

17. A. G. Pauza et al., “GLP1R Attenuates Sympathetic Response to High Glucose via Carotid Body Inhibition,” 
Circ Res, vol. 130, no. 5, pp. 694–707, Mar. 2022, doi: 10.1161/CIRCRESAHA.121.319874. 

18. T. Gaspari, I. Welungoda, R. E. Widdop, R. W. Simpson, and A. E. Dear, “The GLP-1 receptor agonist 
liraglutide inhibits progression of vascular disease via effects on atherogenesis, plaque stability and 
endothelial function in an ApoE-/- mouse model,” Diab Vasc Dis Res, vol. 10, no. 4, pp. 353–360, Jul. 2013, 
doi: 10.1177/1479164113481817. 

19. M. Kim et al., “GLP-1 receptor activation and Epac2 link atrial natriuretic peptide secretion to control of 
blood pressure,” Nat Med, vol. 19, no. 5, pp. 567–575, May 2013, doi: 10.1038/nm.3128. 

20. F. Sun et al., “Impact of GLP-1 receptor agonists on blood pressure, heart rate and hypertension among 
patients with type 2 diabetes: A systematic review and network meta-analysis,” Diabetes Res Clin Pract, vol. 
110, no. 1, pp. 26–37, Oct. 2015, doi: 10.1016/j.diabres.2015.07.015. 

21. A. Adler et al., “Pharmacological blood pressure lowering for primary and secondary prevention of 
cardiovascular disease across different levels of blood pressure: an individual participant-level data meta-
analysis,” The Lancet, vol. 397, no. 10285, pp. 1625–1636, May 2021, doi: 10.1016/S0140-6736(21)00590-0. 

22. S. C. Subaran et al., “GLP-1 at physiological concentrations recruits skeletal and cardiac muscle 
microvasculature in healthy humans,” Clin Sci, vol. 127, no. 3, pp. 163–170, 2014, doi: 10.1042/CS20130708. 

23. M. Husain et al., “Oral Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes,” New 
England Journal of Medicine, vol. 381, no. 9, pp. 841–851, Aug. 2019, doi: 10.1056/nejmoa1901118. 

24. S. Kaur and R. A. Rose, “New insights into the effects of glucagon-like peptide-1 on heart rate and sinoatrial 
node function,” Cardiovasc Res, Oct. 2024, doi: 10.1093/cvr/cvae150. 

25. M. Lorenz et al., “Differential effects of glucagon-like peptide-1 receptor agonists on heart rate,” Jan. 13, 
2017, BioMed Central Ltd. doi: 10.1186/s12933-016-0490-6. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2025 doi:10.20944/preprints202508.0824.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0824.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 16 

 

26. K. Lau et al., “Resting Heart Rate as an Important Predictor of Mortality and Morbidity in Ambulatory 
Patients With Heart Failure: A Systematic Review and Meta-Analysis,” Mar. 01, 2021, Elsevier B.V. doi: 
10.1016/j.cardfail.2020.11.003. 

27. M. A. Pfeffer et al., “Lixisenatide in Patients with Type 2 Diabetes and Acute Coronary Syndrome,” New 
England Journal of Medicine, vol. 373, no. 23, pp. 2247–2257, Dec. 2015, doi: 10.1056/nejmoa1509225. 

28. W. R. Chen et al., “Effects of liraglutide on reperfusion injury in patients with ST-segment-elevation 
myocardial infarction,” Circ Cardiovasc Imaging, vol. 9, no. 12, Dec. 2016, doi: 
10.1161/CIRCIMAGING.116.005146. 

29. S. P. Marso et al., “Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes,” New 
England Journal of Medicine, vol. 375, no. 19, pp. 1834–1844, Nov. 2016, doi: 10.1056/nejmoa1607141. 

30. J. S. Neves et al., “Risk of adverse events with liraglutide in heart failure with reduced ejection fraction: A 
post hoc analysis of the FIGHT trial,” Obe Metab, vol. 2023, no. 1, pp. 189–197, 2022, doi: 10.1111/dom.14862ï. 

31. Y. Alexander et al., “Endothelial function in cardiovascular medicine: A consensus paper of the European 
Society of Cardiology Working Groups on Atherosclerosis and Vascular Biology, Aorta and Peripheral 
Vascular Diseases, Coronary Pathophysiology and Microcirculation, and Thrombosis,” Jan. 01, 2021, Oxford 
University Press. doi: 10.1093/cvr/cvaa085. 

32. R. Wei et al., “Exenatide exerts direct protective effects on endothelial cells through the AMPK/Akt/eNOS 
pathway in a GLP-1 receptor-dependent manner,” 2016, doi: 10.1152/ajpendo.00400.2015.-Glucagon-like. 

33. W. Chai et al., “Glucagon-like peptide 1 recruits microvasculature and increases glucose use in muscle via 
a nitric oxide-dependent mechanism,” Diabetes, vol. 61, no. 4, pp. 888–896, Apr. 2012, doi: 10.2337/db11-
1073. 

34. N. M. Krasner, Y. Ido, N. B. Ruderman, and J. M. Cacicedo, “Glucagon-Like Peptide-1 (GLP-1) analog 
liraglutide inhibits endothelial cell inflammation through a calcium and AMPK dependent mechanism,” 
PLoS One, vol. 9, no. 5, May 2014, doi: 10.1371/journal.pone.0097554. 

35. T. Nyström et al., “Effects of glucagon-like peptide-1 on endothelial function in type 2 diabetes patients 
with stable coronary artery disease,” Am J Physiol Endocrinol Metab, vol. 287, pp. 1209–1215, 2004, doi: 
10.1152/ajpendo.00237.2004.-GLP-1. 

36. M. Gejl et al., “Exenatide alters myocardial glucose transport and uptake depending on insulin resistance 
and increases myocardial blood flow in patients with type 2 diabetes,” Journal of Clinical Endocrinology and 
Metabolism, vol. 97, no. 7, Jul. 2012, doi: 10.1210/jc.2011-3456. 

37. P. A. Read, F. Z. Khan, and D. P. Dutka, “Cardioprotection against ischaemia induced by dobutamine stress 
using glucagon-like peptide-1 in patients with coronary artery disease,” Heart, vol. 98, no. 5, pp. 408–413, 
Mar. 2012, doi: 10.1136/hrt.2010.219345. 

38. R. Turner, “Intensive blood-glucose control with sulphonylureas or insulin compared with conventional 
treatment and risk of complications in patients with type 2 diabetes (UKPDS 33),” Lancet, vol. 352, no. 9131, 
pp. 837–853, Sep. 1998, doi: 10.1016/S0140-6736(98)07019-6. 

39. I. M. Stratton et al., “Association of glycaemia with macrovascular and microvascular complications of type 
2 diabetes (UKPDS 35): prospective observational study,” BMJ, vol. 321, pp. 405–412, Aug. 2000. 

40. B. M. Scirica et al., “Saxagliptin and Cardiovascular Outcomes in Patients with Type 2 Diabetes Mellitus,” 
New England Journal of Medicine, vol. 14, no. 3, pp. 1317–1343, 2013, doi: 10.1056/NEJMoa1307684. 

41. R. L. Page et al., “Drugs that may cause or exacerbate heart failure,” Circulation, vol. 134, no. 6, pp. e32–e69, 
Aug. 2016, doi: 10.1161/CIR.0000000000000426. 

42. S. Suh et al., “Increased risk of hospitalization for heart failure with newly prescribed dipeptidyl peptidase-
4 inhibitors and pioglitazone using the Korean Health Insurance claims database,” Diabetes Metab J, vol. 39, 
no. 3, pp. 247–252, 2015, doi: 10.4093/dmj.2015.39.3.247. 

43. S. P. Marso et al., “Liraglutide and cardiovascular outcomes in type 2 diabetes,” New England Journal of 
Medicina, vol. 375, no. 4, pp. 311–322, Jul. 2016, doi: 10.1056/nejmoa1603827. 

44. R. R. Holman et al., “Effects of Once-Weekly Exenatide on Cardiovascular Outcomes in Type 2 Diabetes,” 
New England Journal of Medicine, vol. 377, no. 13, pp. 1228–1239, Sep. 2017, doi: 10.1056/nejmoa1612917. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2025 doi:10.20944/preprints202508.0824.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0824.v1
http://creativecommons.org/licenses/by/4.0/


 15 of 16 

 

45. A. F. Hernandez et al., “Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and 
cardiovascular disease (Harmony Outcomes): a double-blind, randomised placebo-controlled trial,” The 
Lancet, vol. 392, no. 10157, pp. 1519–1529, Oct. 2018, doi: 10.1016/S0140-6736(18)32261-X. 

46. H. C. Gerstein et al., “Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a double-
blind, randomised placebo-controlled trial,” The Lancet, vol. 394, no. 10193, pp. 121–130, Jul. 2019, doi: 
10.1016/S0140-6736(19)31149-3. 

47. H. C. Gerstein et al., “Cardiovascular and Renal Outcomes with Efpeglenatide in Type 2 Diabetes,” New 
England Journal of Medicine, vol. 385, no. 10, pp. 896–907, Sep. 2021, doi: 10.1056/nejmoa2108269. 

48. E. Longato, B. Di Camillo, G. Sparacino, L. Tramontan, A. Avogaro, and G. P. Fadini, “Cardiovascular 
effectiveness of human-based vs. Exendin-based glucagon like peptide-1 receptor agonists: A retrospective 
study in patients with type 2 diabetes,” Eur J Prev Cardiol, vol. 28, no. 1, pp. 22–29, Jan. 2021, doi: 
10.1093/eurjpc/zwaa081. 

49. D. Giugliano et al., “GLP-1 receptor agonists and cardiorenal outcomes in type 2 diabetes: an updated meta-
analysis of eight CVOTs,” Cardiovasc Diabetol, vol. 20, no. 1, Dec. 2021, doi: 10.1186/s12933-021-01366-8. 

50. S. L. Kristensen et al., “Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in 
patients with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials,” 
Lancet Diabetes Endocrinol, vol. 7, no. 10, pp. 776–785, Oct. 2019, doi: 10.1016/S2213-8587(19)30249-9. 

51. N. Sattar et al., “Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients 
with type 2 diabetes: a systematic review and meta-analysis of randomised trials,” Lancet Diabetes 
Endocrinol, vol. 9, no. 10, pp. 653–662, Oct. 2021, doi: 10.1016/S2213-8587(21)00203-5. 

52. A. J. Binu and N. Kapoor, “Understanding Diabetic Cardiomyopathy: Insulin Resistance and Beyond,” 
Heart Int, vol. 18, no. 2, pp. 7–13, Oct. 2024, doi: https://doi.org/10.17925/HI.2024.18.2.2. 

53. G. G. Sokos, L. A. Nikolaidis, S. Mankad, D. Elahi, and R. P. Shannon, “Glucagon-Like Peptide-1 Infusion 
Improves Left Ventricular Ejection Fraction and Functional Status in Patients With Chronic Heart Failure,” 
J Card Fail, vol. 12, no. 9, pp. 694–699, Dec. 2006, doi: 10.1016/j.cardfail.2006.08.211. 

54. K. B. Margulies et al., “Effects of liraglutide on clinical stability among patients with advanced heart failure 
and reduced ejection fraction: A randomized clinical trial,” JAMA - Journal of the American Medical 
Association, vol. 316, no. 5, pp. 500–508, Aug. 2016, doi: 10.1001/jama.2016.10260. 

55. J. J. Lepore et al., “Effects of the Novel Long-Acting GLP-1 Agonist, Albiglutide, on Cardiac Function, 
Cardiac Metabolism, and Exercise Capacity in Patients With Chronic Heart Failure and Reduced Ejection 
Fraction,” JACC Heart Fail, vol. 4, no. 7, pp. 559–566, Jul. 2016, doi: 10.1016/j.jchf.2016.01.008. 

56. A. Jorsal et al., “Effect of liraglutide, a glucagon-like peptide-1 analogue, on left ventricular function in 
stable chronic heart failure patients with and without diabetes (LIVE)—a multicentre, double-blind, 
randomised, placebo-controlled trial,” Eur J Heart Fail, vol. 19, no. 1, pp. 69–77, Jan. 2017, doi: 
10.1002/ejhf.657. 

57. R. Kamel, J. Leroy, G. Vandecasteele, and R. Fischmeister, “Cyclic nucleotide phosphodiesterases as 
therapeutic targets in cardiac hypertrophy and heart failure,” Feb. 01, 2023, Nature Research. doi: 
10.1038/s41569-022-00756-z. 

58. S. Prausmüller et al., “Obesity in heart failure with preserved ejection fraction with and without diabetes: 
risk factor or innocent bystander?,” Eur J Prev Cardiol, vol. 30, pp. 1247–1254, May 2023, doi: 
10.1093/eurjpc/zwad140. 

59. T. M. Powell-Wiley et al., “Obesity and Cardiovascular Disease A Scientific Statement From the American 
Heart Association,” May 25, 2021, Lippincott Williams and Wilkins. doi: 10.1161/CIR.0000000000000973. 

60. A. M. Lincoff et al., “Semaglutide and Cardiovascular Outcomes in Obesity without Diabetes,” New England 
Journal of Medicine, vol. 389, no. 24, pp. 2221–2232, Dec. 2023, doi: 10.1056/nejmoa2307563. 

61. M. N. Kosiborod et al., “Semaglutide in Patients with Heart Failure with Preserved Ejection Fraction and 
Obesity,” New England Journal of Medicine, vol. 389, no. 12, pp. 1069–1084, Sep. 2023, doi: 
10.1056/nejmoa2306963. 

62. M. N. Kosiborod et al., “Semaglutide in Patients with Obesity-Related Heart Failure and Type 2 Diabetes,” 
New England Journal of Medicine, vol. 390, no. 15, pp. 1394–1407, Apr. 2024, doi: 10.1056/nejmoa2313917. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2025 doi:10.20944/preprints202508.0824.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0824.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 16 

 

63. S. J. Shah et al., “Semaglutide and diuretic use in obesity-related heart failure with preserved ejection 
fraction: a pooled analysis of the STEP-HFpEF and STEP-HFpEF-DM trials,” Eur Heart J, vol. 45, pp. 3254–
3269, May 2024, doi: 10.1093/eurheartj/ehae322. 

64. R. E. Pratley et al., “Effects of Semaglutide on Heart Failure Outcomes in Diabetes and Chronic Kidney 
Disease in the FLOW Trial,” J Am Coll Cardiol, Oct. 2024, doi: 10.1016/j.jacc.2024.08.004. 

65. M. N. Kosiborod et al., “Semaglutide versus placebo in patients with heart failure and mildly reduced or 
preserved ejection fraction: a pooled analysis of the SELECT, FLOW, STEP-HFpEF, and STEP-HFpEF DM 
randomised trials,” The Lancet, vol. 404, no. 10456, pp. 949–961, Sep. 2024, doi: 10.1016/S0140-6736(24)01643-
X. 

66. M. Packer et al., “Tirzepatide for Heart Failure with Preserved Ejection Fraction and Obesity.,” N Engl J 
Med, Nov. 2024, doi: 10.1056/NEJMoa2410027. 

67. H. F. Siddiqui et al., “The effect of GLP-1 receptor agonists on cardiac remodeling in heart failure patients 
with preserved and reduced ejection fraction: a systematic review and meta-analysis,” 2025, Springer. doi: 
10.1007/s10741-025-10523-0. 

68. L. Huixing, F. Di, and P. Daoquan, “Effect of Glucagon-like Peptide-1 Receptor Agonists on Prognosis of 
Heart Failure and Cardiac Function: A Systematic Review and Meta-analysis of Randomized Controlled 
Trials,” Clin Ther, vol. 45, no. 1, pp. 17–30, Jan. 2023, doi: 10.1016/j.clinthera.2022.12.006. 

69. A. Avogaro, D. Azzolina, D. Gregori, S. De Kreutzenberg, G. P. Fadini, and E. Mannucci, “The effect of 
GLP-1 receptor agonists on N-terminal pro-brain natriuretic peptide. A scoping review and metanalysis,” 
Jun. 15, 2022, Elsevier Ireland Ltd. doi: 10.1016/j.ijcard.2022.03.032. 

70. K. Yagi et al., “Diastolic cardiac function improvement by liraglutide is mainly body weight reduction 
dependent but independently contributes to B-type natriuretic peptide reduction in patients with type 2 
diabetes with preserved ejection fraction,” J Diabetes Res, vol. 2021, 2021, doi: 10.1155/2021/8838026. 

71. T. Y. Wang, Q. Yang, X. Y. Cheng, J. C. Ding, and P. F. Hu, “Beyond weight loss: the potential of glucagon-
like peptide-1 receptor agonists for treating heart failure with preserved ejection fraction,” Jan. 01, 2024, 
Springer. doi: 10.1007/s10741-024-10438-2. 

72. M. Packer, “Epicardial Adipose Tissue May Mediate Deleterious Effects of Obesity and Inflammation on 
the Myocardium,” May 22, 2018, Elsevier USA. doi: 10.1016/j.jacc.2018.03.509. 

73. J. J. H. Bray et al., “Glucagon-like peptide-1 receptor agonists improve biomarkers of inflammation and 
oxidative stress: A systematic review and meta-analysis of randomised controlled trials,” Diabetes Obes 
Metab, vol. 23, no. 8, pp. 1806–1822, Aug. 2021, doi: 10.1111/dom.14399. 

74. M. Packer, “SGLT2 inhibitors: role in protective reprogramming of cardiac nutrient transport and 
metabolism,” Jul. 01, 2023, Nature Research. doi: 10.1038/s41569-022-00824-4. 

75. A. K. Pandey et al., “Mechanisms of benefits of sodium-glucose cotransporter 2 inhibitors in heart failure 
with preserved ejection fraction,” Oct. 01, 2023, Oxford University Press. doi: 10.1093/eurheartj/ehad389. 

76. G. Gallo and M. Volpe, “Potential Mechanisms of the Protective Effects of the Cardiometabolic Drugs Type-
2 Sodium–Glucose Transporter Inhibitors and Glucagon-like Peptide-1 Receptor Agonists in Heart 
Failure,” Mar. 01, 2024, Multidisciplinary Digital Publishing Institute (MDPI). doi: 10.3390/ijms25052484. 

77. A. C. T. Ng, V. Delgado, B. A. Borlaug, and J. J. Bax, “Diabesity: the combined burden of obesity and 
diabetes on heart disease and the role of imaging,” Apr. 01, 2021, Nature Research. doi: 10.1038/s41569-020-
00465-5. 

78. C.-H. Chiang et al., “Glucagon-like peptide-1 Receptor Agonists and Gastrointestinal Adverse Events: a 
Systematic Review and Meta-analysis,” Gastroenterology, Jun. 2025, doi: 10.1053/j.gastro.2025.06.003. 

79. C. X. Cai et al., “Semaglutide and Nonarteritic Anterior Ischemic Optic Neuropathy,” JAMA Ophthalmol, 
2025, doi: 10.1001/jamaophthalmol.2024.6555. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2025 doi:10.20944/preprints202508.0824.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0824.v1
http://creativecommons.org/licenses/by/4.0/

