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Abstract: Recent clinical trials have shown that glucagon-like peptide-1 receptor agonists (GLP-1RAs) yield 
positive effects on composite cardiovascular endpoints, rendering them potentially promising therapeutic 
agents for heart failure (HF). This study analysed the effect of GLP-1RAs on cardiac structure and function 
in HF patients. Methods　A comprehensive search was conducted across PubMed, Cochrane Library, Ovid 
Embase, Ovid Medline, and Web of Science databases, spanning from inception to August 1, 2022, to 
identify randomised controlled trials (RCTs) comparing alterations in cardiac structure and function in HF 
patients receiving GLP-1RAs or placebo. Cardiac structures were assessed through left ventricular end-
systolic volume (LVESV), left ventricular end-diastolic volume (LVEDV), and left ventricular mass (LVM). 
Systolic function was evaluated using left ventricular ejection fraction (LVEF), stroke volume (SV), and 
global longitudinal strain (GLS). Diastolic function was assessed via the early to late diastolic filling velocity 
ratio (E/A ratio) and the early transmitral filling velocity to early diastolic mitral annular velocity ratio (E/e 
ratio). The I2 statistic was used to test heterogeneity. Pooled relative risks were calculated using random-
effects models. Potential publication bias was assessed using the Cochrane Risk of Bias 2 tool. Results　A 
total of 1, 417 patients from 16 randomised placebo-controlled trials were enrolled in this meta-analysis. 
Among all HF patients, GLP-1RAs demonstrated improvement in diastolic function as indicated by E/A 
(MD = -0.15; 95% CI: -0.21 to -0.09; P < 0.00001; I2 = 43%) and E/e’  (MD = -0.82; 95% CI: -1.53 to -0.11; 
P = 0.02; I2= 62%). However, GLP-1RAs did not exhibit any improvement in cardiac structure and systolic 
function parameters for HF patients. Conclusion　GLP-1RAs demonstrated potential for improving diastolic 
function in HF patients, but did not show any impact on systolic function and cardiac structure. Therefore, 
the application of GLP-1RAs should be based on the specific HF type and accompanying comorbidities. 
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1. Introduction

Cardiovascular disease (CVD) stands as a prominent global cause of mortality [1]. As CVD survival 
rates increase and populations age, many cases progress into heart failure (HF) and ultimately result in 
cardiac-related deaths [2]. Type 2 diabetes mellitus (T2DM) constitutes a significant risk factor for HF, often 
exacerbating morbidity and mortality in HF patients [3]. The prevalence of T2DM among HF patients ranges 
from 40% to 50%, while HF prevalence among T2DM patients is estimated at 20% [4-7]. The updated 
guidelines from the American College of Cardiology/American Heart Association/Heart Failure Society of 
America (ACC/AHA/HFSA) classify HF into three types based ejection fraction: HF with reduced ejection 
fraction (HFrEF), HF with preserved ejection fraction (HFpEF), and HF with middle range ejection fraction 
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(HFmrEF). First-line pharmacological treatments for HFrEF include angiotensin receptor blockers (ARBs), 
angiotensin-converting enzyme inhibitors (ACEIs), mineralocorticoid receptor antagonists (MRAs), and beta-
blockers (BBs), which have demonstrated reductions in morbidity and mortality [8,9]. Recent guideline updates 
introduced two new classes of medications: the sinoatrial node modulator ivabradine [10] and the angiotensin 
receptor-neprilysin inhibitor valsartan/sacubitril (ARNI). Recent clinical trial outcomes indicate that sodium-
glucose cotransporter 2 inhibitors (SGLT2i) [11-13], soluble guanylate cyclase stimulator vericiguat [14], and 
the cardiac-specific myosin activator omecamtiv-mecarbil [15] further improve HFrEF outcomes.

Glucose-like-peptide 1 receptor agonists (GLP-1RAs) are a class of anti-diabetic drugs that have 
recently shown cardiovascular benefits. Numerous guidelines now strongly recommend GLP-1RAs for 
T2DM patients with CVD [16, 17]. A recent meta-analysis of eight large cardiovascular outcome trials 
(CVOTs) highlighted GLP-1RAs’  moderate reduction in major adverse cardiac events (MACE), alongside 
decreases in all-cause mortality and HF-related hospitalisation [18].

Although there have been several reviews and meta-analyses on the effect of GLP-1RAs on left 
ventricular function and structure [19-21], an updated meta-analysis is warranted due to emerging 
randomised controlled trials (RCTs). Therefore, the current review aims to analyse left ventricular function 
parameters among HF patients receiving GLP-1RA therapy, ultimately evaluating GLP-1RAs’  effects on HF.

2. Methods

2.1. Protocol

This meta-analysis adhered to the updated guidelines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA 2020) [22]. The review was registered in the National Institute for 
Health Research international prospective register of systematic reviews (PROSPERO) (CRD42022374881).

2.2. Data Source and Search Strategy

The PICOS tool was utilized to define the scope of the literature. Randomized controlled studies 
involving HF patients (population) were included, and comparisons were made between patients 
administered GLP-1RA (intervention) and those receiving a placebo (comparison). This study assessed heart 
systolic and diastolic function outcomes.

A comprehensive search was conducted across five databases: PubMed, Cochrane Library, Ovid 
Embase, Ovid Medline, and Web of Science from inception to August 1, 2022. The search strategy was based 
on a search formula combining GLP-1RAs and HF-related terms. The following keywords were employed: 
(GLP-1 agonist OR glucagon-like peptide-1 receptor agonists OR lixisenatide OR liraglutide OR semaglutide 
OR exenatide OR albiglutide OR dulaglutide OR efpeglenatide) AND (cardiac failure OR heart 
decompensation OR decompensation, heart OR heart failure, right-sided OR heart failure, right sided OR 
right-sided heart failure OR right sided heart failure OR myocardial failure OR congestive heart failure OR 
heart failure, congestive OR heart failure, left-sided OR heart failure, left sided OR left-sided heart failure OR 
left sided heart failure OR heart failure). These keywords were applied to a full-text search in all languages 
and the most recent updates. The reference list of included articles and relevant meta-analyses were 
scrutinized to identify additional potentially relevant studies.

2.3. Study Selection and Eligibility Criteria

Two independent reviewers (Xinyu and Hongyuan) screened titles, abstracts, and full texts using 
Covidence. This meta-analysis included RCTs that compared GLP-1RAs with a control group and reported 
cardiac function outcomes, including systolic and diastolic function. Both anatomical aspects and functional 
metrics of systolic and diastolic function were assessed using echocardiography and cardiac magnetic 
resonance. Conference abstracts, non-RCTs, observational/retrospective studies, studies comparing GLP-
1RAs with non-control groups (other drugs such as SGLT2 inhibitor), and studies that did not report cardiac 
function outcomes were excluded.

2.4. Data Extraction

Data from each eligible study were extracted into a standardised form, including study identifies (author, 
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year of publication, and PubMed identification (PMID)), population details (sample size in experimental and 
placebo, age, gender, body mass index (BMI) and disease history), intervention (name of drugs, doses, and 
intervention time), and cardiac function outcomes (heart rate, anatomical parameters, systolic and diastolic 
function).

2.5. Risk of Bias Assessment

Two reviewers independently conducted a risk of bias assessment using the Cochrane Risk of Bias 2 
(ROB2) tool, which assesses five domains: randomisation process, deviations from intended interventions, 
missing outcome data, outcome measurement, and selection of reported results. Each domain was categorized 
as low risk, some concerns, or high risk.

2.6. Statistical Analysis

The extracted data were analysed using RevMan version 5.4. Pooled outcomes were derived using the 
inverse variance method, and the random-effects model was used to account for between-study variability. 
For studies lacking standard deviations (SDs), 95% confidence intervals (CIs), and interquartile ranges 
(IQRs) were converted to SDs according to the Cochrane Handbook for Systematic Reviews of Interventions. 
Statistical heterogeneity was assessed using Cochrane’s Q test via the chi‐square test and further quantified 
by the I2 statistic. I2 values of 25%, 50%, and 75% indicated low, moderate, and high heterogeneity, 
respectively. Two-sided P-values <0.05 were considered statistically significant.

3. Results

3.1. Study Selection and Patient Characteristics

Figure 1 presents the flowchart detailing the study selection process. A total of 3,605 references were 
identified through electronic searches, out of which 1,543 duplicates were eliminated. Subsequently, 2,011 
studies were excluded after a thorough review of their titles and abstracts. Upon careful examination of the 
full texts, 42 studies were further excluded. Ultimately, 16 studies, comprising 1, 417 patients met the 
inclusion criteria and were included in both the qualitative synthesis and the meta-analysis [23-38]. All 
eligible studies adhered to the RCT design, and the risk of bias assessment by Rob2.0 revealed no studies 
with high risk (Figure 2). The baseline clinical characteristics of the patients included in this meta-analysis 
are summarised in Table 1. Among the included studies, liraglutide was examined in twelve studies [23-25, 
27-34, 37], exenatide was investigated in three studies [35, 36, 38], and albiglutide was explored in one study 
[26]. Notably, the distribution of patients was well-balanced between the placebo and intervention groups 
except for one study [36], where 40 patients received a placebo while 18 patients were assigned to the 
intervention group. Among the enrolled patients, male participants predominated in the majority of studies 
[23-28, 30-36, 38], except for two studies where female patients were the majority [29, 37]. Across 15 studies 
[23-29, 31-38] the average body mass index (BMI) exceeded 25 kg/m2, thus aligning with the World Health 
Organization (WHO) definition of obesity. Assessment of cardiac function was conducted using 
echocardiography and cardiac magnetic resonance.

3.2. Effect of GLP-1RAs on Cardiac Structure

Cardiac structural parameters were evaluated through the assessment of left ventricular end-systolic 
volume (LVESV), left ventricular end-diastolic volume (LVEDV), and left ventricular mass (LVM). The 
comparison was drawn between HF patients receiving GLP-1RAs and those administered a placebo (Figure 
3A-3C). A comprehensive analysis of ten studies [23-27, 30, 34-37], involving a total of 520 HF patients on 
GLP-1RAs and 523 HF patients on placebo, revealed no statistically significant differences between the two 
groups in terms of LVESV (mean difference (MD) = -0.01; 95% CI: -2.57 to 2.55; P = 0.99; I2 = 74%) and 
LVEDV (MD = -3.11; 95% CI: -6.85 to 0.62; P = 0.10; I2 = 78% ) (Figure 3A, 3B). Similarly, an assessment 
of six studies [23, 24, 29, 34, 35, 37] revealed no significan difference in LVM between the two groups 
(MD = -2.93; 95% CI: -7.76 to 1.89; P = 0.23; I2 = 52% ) (Figure 3C).
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Figure 1.　Flow chart of the study selection process..

Figure 2.　Risk of Bias Assessment.
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3.3. Effect of GLP-1RAs on Left Ventricular Function

3.3.1. Systolic Function

The assessment of systolic function encompassed parameters such as left ventricular ejection fraction 
(LVEF), stroke volume (SV), and global longitudinal strain (GLS) (Figure 4A-4C). Thirteen studies [23-30, 
32, 34-37], involving a total of 567 HF patients receiving GLP-1RAs and 566 HF patients receiving placebo, 
demonstrated a negligible improvement in LVEF measured through echocardiography, and the findings were 
not statistically significant (MD = -0.98; 95% CI:-2.08 to 0.12; P = 0.08; I2= 91%) (Figure 4A). Furthermore, 
GLP-1RAs exhibited no observable effect on other systolic function parameters. An analysis of five studies 
[23, 24, 34, 37, 38] involving 117 GLP-1RA patients and 125 placebo patients, revealed a negligible 
difference in SV between the two groups (MD = -2.22; 95% CI: -9.04 to 4.60; P = 0.52; I2= 83%) (Figure 
4B). GLS, an emerging echocardiographic marker for assessing cardiac function in HF, showed no difference 
across six studies [24,25,28,32,36,38], involving 206 GLP-1RA patients and 226 placebo patients (MD = 
-0.29; 95% CI: -0.81 to 0.23; P = 0.27; I2= 88%) (Figure 4C).

3.3.2. Effect of GLP-1RAs on Diastolic Function

Diastolic function was assessed through the analysis of the early to late diastolic filling velocity ratio (E/
A ratio) and the ratio of early transmitral filling velocity to early diastolic mitral annular velocity (E/e’  ratio) 
(Figure 5A-5B). An analysis of seven studies [23, 29, 33, 34, 36-38] comprising144 patients receiving GLP-
1RAs and 170 patients receiving placebo, revealed that the E/A ratio was significantly improved in the GLP-
1RA group compared to the placebo group (MD = -0.15; 95% CI: -0.21 to -0.09; P < 0.00001; I2= 43%) 
(Figure 5A). Similarly, analysis of eight studies [23-25, 29, 31, 33, 36, 37] involving 350 HF patients treated 
with GLP-1RAs and 370 patients on placebo, demonstrated an improved E/e’  ratio within the GLP-1RA 
group compared to the placebo group (MD = -0.82; 95% CI: -1.53 to -0.11; P = 0.02; I2= 62%) (Figure 5B).

Figure 3.　Forest plot of GLP-1RAs’  effects on the cardiac structure. (A) LVESV; (B) LVEDV; (C) LVM.
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4. Discussion

In this systematic review and meta-analysis, we enrolled a total of 1,417 patients from 16 randomized 

placebo-controlled trials to assess the effect of GLP-1RAs on cardiac structure and function in HF patients. 

Our findings revealed that GLP-1RAs confer beneficial effects on both the E/A ratio and E/e ratio, 

Figure 4.　Forest plot displaying the effects of GLP-1RAs on systolic function. (A) LVEF; (B) SV; (C) GLS.

Figure 5.　Forest plot illustrating the effects of GLP-1RAs on diastolic function. (A) E/A ratio; (B) E/e’  ratio.
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contributing to improved diastolic function. However, across the studies included in our analysis, GLP-1RAs 
did not demonstrate a significant improvement in systolic function or cardiac structures.

Diabetes and ischemia are recognized as independent risk factors for the development of HF [3]. Except 
for three studies (Jorsal 2017, Lepore 2016, Margulies 2016), a majority of the enrolled patients presented 
with comorbidities of diabetes and coronary artery disease. HFpEF patients exhibit impaired diastolic 
function, even when the ejection fraction exceeds 50%. Although HFpEF is associated with high morbidity 
and mortality, viable treatment modalities for this condition remain elusive. The prevalence of HFpEF has 
witnessed a notable increase in recent years, with epidemiological studies indicating that HFpEF accounts for 
more than 50% of all HF cases. In this current meta-analysis, GLP-1RAs exhibited beneficial effects on the 
diastolic function of HF patients, as evidenced by improved E/A and E/e′ ratios. Diastolic function refers to 
the ability of heart to fill during diastole, and its impairment is a significant hallmark of HFpEF. Many of the 
symptoms experienced by HFpEF patients, such as shortness of breath and fatigue, are related to impaired 
diastolic function. Improving diastolic function has the potential to mitigate these symptoms, thereby 
improving the patient's quality of life. Improved diastolic function among HFpEF patients may also result in 
fewer episodes of cardiac decompensation, consequently leading to a reduction in hospital admissions. 
Furthermore, although this meta-analysis does not directly illustrate the point, there exists a possibility that 
enhancing diastolic function could correlate with enhanced survival rates, similar to observations made in 
other HF treatments that target diastolic function. It is imperative to further explore the impact of GLP-1RAs 
on re-hospitalization rates and mortality. Given the increasing prevalence of HFpEF, these findings suggest 
that GLP-1RAs could emerge as a potential therapeutic option, particularly for patients with diabetes.

GLP-1 is an endogenous hormone secreted by intestinal endocrine cells. Accumulating evidence has 
demonstrated that GLP-1 exerts cardiac benefits beyond its metabolic effects. Previous studies have shown 
that GLP-1 mimetics alleviate endoplasmic reticulum stress, regulate autophagy, and stimulate anti-
inflammatory signaling, potentially playing a cardioprotective role [39]. Due to the relatively low expression 
of GLP-1 receptors in ventricular cardiomyocytes, the effects of GLP-1RAs on the ventricles are mainly 
indirect, driven by the positive modulation of inflammation, endothelial function, and glucose uptake [40, 
41]. Moreover, basic research indicates that GLP-1RAs mitigate cardiac remodeling following myocardial 
infarction by modulating changes in the extracellular matrix [42]. Calcium overload is a defining 
characteristic of heart failure. GLP-1RA treatment modulates cytosolic Ca2+ concentrations by suppressing 
phosphorylation of the ryanodine receptor 2(RyR2) and preventing activation of calmodulin-dependent 
protein kinase II (CaMKII) [43]. An in vitro study demonstrated that GLP-1RAs inhibit the production of 
mitochondrial and intracellular reactive oxygen species (ROS) in methylglyoxal-treated H9C2 cells, 
underscoring their anti-oxidative stress capabilities. While current basic research provides insight into the 
cardioprotective mechanisms of GLP-1RAs, a more comprehensive understanding necessitates 
experimentation.

A previous meta-analysis of four studies involving HFrEF patients revealed that short-term GLP-1RAs 
infusion exhibited a modest effect on LVEF (+4.4%, 95% CI: 1.36 to 7.44), with no significant change in 
brain natriuretic peptide (NT-proBNP) levels [44]. However, our meta-analysis combined both HFpEF and 
HFrEF patients. Although the effect on LVEF displayed a trend towards improvement with GLP-1RAs, the 
findings were not significantly different (P = 0.08). Given the relatively small sample size of the enrolled 
studies, additional RCTs focusing on heart failure subgroups are warranted to investigate the effect of GLP-
1RAs on distinct types of heart failure in future studies.

Sodium-glucose cotransporter 2 inhibitors (SGLT-2i) are anti-diabetic drugs that have also demonstrated 
clinical benefits in HF. To date, no study has directly compared SGLT-2i with GLP-1RA in terms of HF 
outcomes using a head-to-head design. Nevertheless, real-world data and estimates from the meta-analysis 
are available. A recent meta-analysis revealed a higher risk of HF-related hospitalisation among individuals 
receiving GLP-1RAs compared to SGLT-2i [45]. This data suggests that, in comparison to SGLT-2i, GLP-
1RA might be less effective in both the prevention and treatment of HF. Given the emerging roles of drugs 
like SGLT-2i in HF management, conducting head-to-head trials comparing GLP-1RAs with such drugs 
could prove beneficial in establishing a clear hierarchy of effectiveness.

This study has several limitations. Firstly, one of the limitations stems from the heterogeneity observed 
in the included studies. For instance, different studies included patients with varying comorbidities. 
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Furthermore, the types of GLP-1RAs administered and their modes of administration varied among the 
studies. Additionally, differences in the methods of assessing cardiac function using echocardiography or 
cardiac magnetic resonance could contribute to variations in results. Secondly, despite the included studies 
demonstrating positive effects on both systolic and diastolic functions, the relatively small sample size of 
these studies hampers the ability to draw evidence-based guideline recommendations for GLP-1RAs.

5. Conclusion

GLP-1RA drugs may improve diastolic function in HF patients, but they do not affect the systolic 
function or cardiac structure. Given the variability in HF types and patient comorbidities, the application of 
GLP-1RAs should be tailored based on specific HF types and associated comorbidities.
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