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ABSTRACT
Background: Glucagon-like peptide-1 receptor agonists (GLP-1 RAs), developed for glycemic control in type 2 diabetes (T2DM), 
also confer cardiovascular and renal protection, including in people without diabetes. This narrative review summarizes evi-
dence and mechanisms underlying these cardiorenal benefits.
Methods: Major cardiovascular outcome trials (LEADER, SUSTAIN-6, REWIND, EXSCEL, ELIXA, SELECT, and SOUL), 
renal studies including FLOW, and STEP-HFpEF and STEP-HFpEF DM trials were reviewed.
Results: Meta-analyses show that GLP-1 RAs reduce major adverse cardiovascular events (MACE) by approximately 12%–14%, 
with reductions in cardiovascular death, myocardial infarction, stroke, and heart-failure hospitalization. Renal benefits include 
reduced new-onset macroalbuminuria (approximately 22%–23%) and slower eGFR decline (approximately 16%–24%). In FLOW, 
semaglutide reduced progression to kidney failure by 24% in patients with T2DM and chronic kidney disease. SELECT demon-
strated a 20% reduction in MACE with semaglutide in overweight or obese adults with established cardiovascular disease but 
without diabetes. STEP-HFpEF and STEP-HFpEF DM showed improvements in heart-failure symptoms, physical function, and 
weight in obesity-related HFpEF, with and without diabetes.
Mechanisms: Cardiorenal protection involves improved endothelial function, anti-inflammatory and metabolic effects, natriu-
resis, hemodynamic modulation, attenuation of glomerular hyperfiltration, and inhibition of profibrotic pathways.
Conclusions: GLP-1 RAs have emerged as cardiorenal therapies beyond glycemic control, with benefits extending across the gly-
cemic spectrum. Further research is needed to define optimal patient selection, combination therapy, and long-term outcomes.

1   |   Introduction

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are 
a class of incretin-based medications that have become an 
important therapeutic option for the management of type 
2 diabetes mellitus (T2DM) (Yao et  al.  2024). By mimick-
ing endogenous GLP-1, these compounds enhance glucose-
dependent insulin secretion, suppress glucagon release, slow 
stomach emptying, and promote satiety. Together, these effects 
enhance glycemic control and promote weight loss. Over the 
past 10 years, GLP-1 RAs have completely changed the way 

type 2 diabetes is treated. GLP-1 RAs' benefits, however, ex-
tend beyond glucose control, as evidenced by growing data 
from large cardiovascular outcome trials (CVOTs). This is 
particularly true when it comes to reducing major adverse car-
diovascular events (MACE) and improving renal outcomes in 
patients with or without diabetes. Landmark evidence for ben-
efit outside diabetes comes from the SELECT trial, in which 
semaglutide reduced MACE by 20% in adults with established 
cardiovascular disease and overweight or obesity but without 
diabetes (Lincoff et al. 2023), and from the SOUL trial, which 
extended this cardiovascular benefit to an oral GLP-1 RA 
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formulation in patients with type 2 diabetes and atheroscle-
rotic or chronic kidney disease (McGuire et al. 2025).

Due to their expanded therapeutic profile, there has been a lot of 
interest in repositioning GLP-1 RAs as multifunctional medica-
tions that can address the broader metabolic and inflammatory 
underpinnings of cardiovascular and renal disease. Through a 
number of mechanisms, such as improved endothelial function, 
anti-inflammatory effects, oxidative stress regulation, and benefi-
cial alterations in blood pressure and lipid profiles, GLP-1 RAs offer 
these extraglycemic benefits (Drucker 2018; Shaefer et al. 2015). 
Significantly, these drugs have continuously improved cardio-
vascular outcomes for patients with atherosclerotic cardiovascu-
lar disease, and recent studies suggest that they may also have 
renoprotective effects like lowering albuminuria and maintaining 
estimated glomerular filtration rate (eGFR) (Neuen et  al.  2024; 
Rossing et al. 2023; Greco et al. 2019). As cardiometabolic disease 
becomes more commonplace worldwide, there is growing recog-
nition of GLP-1 RAs' potential to be crucial components of cardio-
vascular and renal risk reduction strategies. This narrative review 
aims to explore the growing role of GLP-1 receptor agonists beyond 
glycemic management, with a focus on their protective effects on 
the heart and kidneys, underlying mechanisms, and implications 
for future clinical practice and the development of guidelines.

2   |   Mechanism of Action

GLP-1 RAs are synthetic proteins with partial to full amino acid 
sequence homology to endogenous GLP-1. These compounds are 

more stable to enzymatic degradation, have longer half-lives, and 
display a more pronounced biological activity. The latter in turn 
renders them impervious to degradation by DPP-4, with accompa-
nying therapeutic benefits of more protracted duration of activity, 
above and beyond their pharmacology to mimic native GLP-1.

The kidney-protective effects of GLP-1 RAs represent one of 
the most exciting developments in nephrology over the past 
decade (Figure  1). These medications work through several 
distinct but interconnected pathways to preserve renal func-
tion (Muskiet et al. 2017). At the tubular level, they promote so-
dium excretion by inhibiting the sodium-hydrogen exchanger 
3 (NHE3) in the proximal tubule, an effect first demonstrated 
in a 2016 study by Crajoinas et al. (2011). This mechanism was 
characterized in a rodent model; direct confirmation of NHE3 
inhibition in human renal tubules is more limited, and the na-
triuretic and hemodynamic benefits observed clinically likely 
reflect a combination of direct tubular effects and indirect 
consequences of improved glycemic control and weight loss 
(Muskiet et al. 2017). This natriuretic action reduces glomer-
ular hyperfiltration, the harmful increased pressure within 
kidney filters that characterizes early diabetic nephropathy. 
The importance of this hemodynamic effect was confirmed 
when renal ultrasound studies showed measurable changes 
in renal blood flow patterns after GLP-1 RAs administration 
(Tonneijck et al. 2017).

Taken together, these findings establish GLP-1 RAs as mul-
tifunctional renal protective agents (evident in Table  1). Their 
ability to simultaneously address hemodynamic, inflammatory, 

FIGURE 1    |    GLP-1 receptor agonists—Mechanism of action.
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and metabolic pathways makes them uniquely valuable in 
chronic kidney disease management.

The binding of GLP-1 to its receptor (GLP-1R) activates ade-
nylate cyclase (AC), which converts ATP into cyclic adenosine 
monophosphate (cAMP), resulting in elevated cAMP levels. This 
increase in cAMP activates protein kinase A (PKA), which even-
tually closes ATP-sensitive potassium (K+) channels, leading to 
membrane depolarization. Furthermore, it also opens voltage-
dependent calcium (Ca2+) channels, allowing calcium to enter 
the cell and trigger action potentials. Additionally, PKA pro-
motes the release of intracellular Ca2+ stores by activating ino-
sitol triphosphate (IP3). The resulting rise in intracellular Ca2+ 
enhances mitochondrial ATP production and stimulates the 
exocytosis of insulin granules into the bloodstream (González-
Muniesa et al. 2017).

GLP-1 receptor agonists may protect the heart in several ways, 
but it's not yet clear how much of that benefit comes from direct 
effects on heart cells versus indirect improvements like weight 
loss, better blood sugar control, and lower blood pressure. Good 
glycemic control plays a well-established role in reducing cardio-
vascular risk in patients with type 2 diabetes, and a substantial 
portion of the cardiovascular benefit of GLP-1 RAs is thought 
to be mediated through this and other indirect pathways rather 
than through direct cardiac GLP-1 receptor signaling. In pre-
clinical (largely rodent) models, GLP-1 receptors have been 
identified in cardiomyocytes and vascular endothelial cells, and 
GLP-1 RAs have been shown to promote myocardial glucose up-
take, reduce oxidative stress, and inhibit cardiomyocyte apopto-
sis; in humans, however, GLP-1R transcripts have been detected 
in atrial and ventricular tissue without definitive confirmation 
of receptor protein expression within cardiomyocytes them-
selves, and species differences in receptor distribution limit 
direct extrapolation from animal data to human physiology 
(Baggio et al. 2018). These drugs also boost production of nitric 
oxide (NO), a strong blood vasodilator that can improve blood 
flow to the heart, and they appear to influence the renin an-
giotensin aldosterone system (RAAS), which affects blood pres-
sure. The drop in vascular resistance and blood pressure likely 
comes from a combination of widened blood vessels, increased 
salt and water excretion, and weight-related hemodynamic ef-
fects rather than a single direct vascular action. GLP-1 RAs also 
help lower blood pressure by promoting natriuresis, the excre-
tion of sodium through urine, and exhibit anti-inflammatory 
properties, with reported reductions in inflammatory biomark-
ers compared with other antidiabetic therapies; as with the ef-
fects above, these natriuretic and anti-inflammatory actions are 
likely mediated at least partly indirectly, through improvements 

in weight and glycemic control, rather than solely through direct 
GLP-1R signaling in cardiac or renal tissue. The cardiovascular 
and renal protective mechanisms of GLP-1 RAs in type 2 diabe-
tes are evident in Table 2 below.

3   |   Benefits of Glucagon-Like Peptide-1 Receptor 
Agonists

3.1   |   Evidence of Cardiovascular Benefits

When evaluating the effects of GLP-1 RAs on cardiovascu-
lar health, CVOTs have become an essential tool. The class of 
antidiabetic drugs known as GLP-1 receptor agonists has at-
tracted a lot of interest due to its potential cardiovascular ad-
vantages as well as its glycemic control capabilities (Ussher and 
Drucker 2023). They stimulate GLP-1 receptors, including those 
in blood arteries and cardiomyocytes, by imitating the actions of 
endogenous GLP-1 (Holst 2007).

There are multiple ways that GLP-1 RAs in CVOTs affect the 
cardiovascular system. Optimizing the management of type 2 di-
abetes requires an understanding of the processes behind these 
cardiovascular advantages. In order to improve glycemic con-
trol, GLP-1 RAs mainly work by increasing postprandial insulin 
production and inhibiting glucagon release (Drucker 2016).

Tight glucose management, as demonstrated in landmark clin-
ical trials such as the Diabetes Control and Complications Trial 
(DCCT) and the United Kingdom Prospective Diabetes Study 
(UKPDS), has been related to reduced risk of cardiovascular 
events. Maintaining stable blood glucose levels through life-
style modifications and medications can mitigate the adverse 
effects of hyperglycemia on blood vessels, thereby contributing 
to CVD risk reduction in diabetic patients (American Diabetes 
Association 2021). Vasodilation is induced by GLP-1 receptor ac-
tivation via a number of mechanisms. It increases the generation 
of the powerful vasodilator endothelial nitric oxide (NO), which 
relaxes blood vessels and improves coronary blood flow (Puglisi 
et  al.  2021). Because GLP-1 agonists dilate blood vessels, they 
lower blood pressure by reducing systemic vascular resistance. 
Enhancing natriuresis is another way that GLP-1 receptor ago-
nists reduce blood pressure (Yu et al. 2022).

3.2   |   CVS and MACE

It has been demonstrated that GLP-1 RAs lower MACE in 
T2D patients with established CVD or high cardiovascular 

TABLE 1    |    Renal outcomes from major GLP-1 RAs clinical trials.

Trial (reference) Medication Key renal benefit Magnitude of effect

LEADER (Marso, Daniels, 
et al. 2016)

Liraglutide •	 New-onset macroalbuminuria reduction
•	 eGFR preservation

•	 22% reduction
•	 16% slower decline

REWIND (Gerstein et al. 2019) Dulaglutide •	 Albuminuria reduction
•	 Composite renal outcomes

•	 23% reduction
•	 15% risk reduction

FLOW (Perkovic et al. 2024) Semaglutide •	 Kidney failure progression delay •	 24% risk reduction
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risk whose A1c rise is greater than 6.5% (Marso, Daniels, 
et al. 2016). The cardiovascular effects of GLP-1 RAs were val-
idated by a 2019 meta-analysis, which found that patients with 
T2D had a 12% lower incidence of MACE (hazard ratio [HR], 
0.88 [95% CI, 0.82–0.94]) (Kristensen et al. 2019). ELIXA (lix-
isenatide) (Pfeffer et  al.  2015), LEADER (liraglutide) (Marso, 
Daniels, et  al.  2016), SUSTAIN-6 (subcutaneous semaglu-
tide) (Marso, Bain, et al. 2016), PIONEER 6 (oral semaglutide) 
(Husain et al. 2019), EXSCEL (exenatide) (Holman et al. 2017), 
HARMONY Outcomes (albiglutide) (Hernandez et  al.  2018), 
and REWIND (dulaglutide) (Gerstein et al.  2019) were among 
the seven CVOTs contained in this meta-analysis.

The seven previously described trials as well as fresh infor-
mation from the AMPLITUDE-O trial (efpeglenatide) were 
incorporated in an updated 2021 meta-analysis (Gerstein 
et al. 2021).

According to Sattar et  al., GLP-1 RAs reduced 3-point MACE 
(cardiovascular death, myocardial infarction [MI], or stroke) 
by 14% (HR, 0.86 [0.80–0.93]), confirming that it had positive 
effects on cardiovascular protection (Nielsen et al. 2019). With 
a 13% decrease in cardiovascular death (HR, 0.87 [0.80–0.94]), 
10% decrease in MI (HR, 0.90 [0.83–0.98]), 17% decrease in 
stroke (HR, 0.83 [0.76–0.92]), 11% decrease in heart failure hos-
pitalizations (HR, 0.89 [0.82–0.98]), and 12% decrease in all-
cause mortality (HR, 0.88 [0.82–0.94]), the pooled GLP1-RA 
analysis also showed benefits in the secondary endpoints (Sattar 
et al. 2021).

3.3   |   GLP-1 RAs Beyond Diabetes

Because the central premise of this review is that GLP-1 RA 
benefits extend beyond glycemic control, two more recent trials 

TABLE 2    |    Cardiovascular and renal protective mechanisms of GLP-1 RAs in type 2 diabetes.

System Mechanism Effect Notes

Cardiovascular Expression of GLP-1 
receptors in cardiomyocytes 

and endothelial cells

Promotes myocardial glucose 
uptake, reduces oxidative stress, 
inhibits cardiomyocyte apoptosis

Improves heart function and 
prevents cardiac remodeling

Stimulates nitric oxide 
(NO) production

Enhances coronary blood flow Via vasodilation

Modulates RAAS Reduces blood pressure Through hormonal effects on 
vasoconstriction pathways

Promotes vasodilation Lowers systemic vascular 
resistance and blood pressure

Improves vascular tone

Promotes natriuresis 
(sodium excretion)

Contributes to blood 
pressure reduction

Through renal sodium handling

Suppresses appetite, increases 
satiety, slows gastric emptying

Induces weight loss Leads to improved insulin 
sensitivity and reduced 

cardiovascular risk

Anti-inflammatory properties Reduces inflammatory biomarkers Anti-atherogenic, slows 
atherosclerosis

Renal Inhibits sodium-hydrogen 
exchanger 3 (NHE3) 
in proximal tubule

Increases sodium 
excretion (natriuresis)

Reduces glomerular hyperfiltration

Improves renal hemodynamics Changes renal blood flow patterns Confirmed by renal 
ultrasound studies

Blocks TGF-β pathway Reduces kidney fibrosis Inhibits chronic kidney 
disease progression

Anti-inflammatory renal effects Reduces immune cell 
infiltration into kidney tissue

Preserves renal architecture

Reduces albuminuria Protects podocytes Clinically observed 
across multiple trials

Improves glycemic control Decreases formation of advanced 
glycation end-products

Slows structural kidney damage

Induces weight loss Reduces renal lipotoxicity Less fat accumulation 
in kidney cells

Multifactorial synergy Comprehensive kidney protection Multiple pathways work together
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merit particular attention. The SELECT trial enrolled 17,604 
adults aged 45 years or older with a body mass index ≥ 27 kg/
m2 and established cardiovascular disease but without diabetes; 
weekly subcutaneous semaglutide 2.4 mg reduced the compos-
ite of cardiovascular death, non-fatal myocardial infarction, or 
non-fatal stroke by 20% compared with placebo (HR, 0.80 [95% 
CI, 0.72–0.90]) over a mean follow-up of 39.8 months, despite 
a modest average weight loss of 9.4% (Lincoff et al. 2023). This 
was the first demonstration that a GLP-1 RA reduces MACE in a 
population selected for cardiovascular risk and adiposity rather 
than diabetes, directly supporting an indication for cardioprotec-
tion that extends beyond T2DM. More recently, the SOUL trial 
assessed oral semaglutide in 9650 adults with type 2 diabetes and 
established atherosclerotic cardiovascular disease, chronic kid-
ney disease, or both; MACE was reduced by 14% (HR, 0.86 [95% 
CI, 0.77–0.96]) over a mean follow-up of approximately 4 years, 
confirming that cardiovascular benefit is not confined to inject-
able formulations (McGuire et al. 2025). Together, SELECT and 
SOUL support this review's main point, showing that GLP-1 re-
ceptor agonists provide heart and kidney benefits that are, at least 
partly, independent of blood-sugar levels.

3.4   |   GLP-1 RAs and AS

One of the leading causes of death worldwide, AS is typified by 
the development of fibrofatty plaques within artery walls (Zhao 
et  al.  2021). Liraglutide and semaglutide are two examples of 
GLP-1 RAs that have strong cardiovascular preventive effects.

Notably, by successfully inhibiting intestinal chylomicron secre-
tion, GLP-1 RAs significantly improve blood lipid profiles and re-
duce the risk of postprandial hyperlipidemia (Hsieh et al. 2010). 
Additionally, these agents help patients with AS by promoting 
hemodynamic equilibrium, reducing thrombotic propensity, 
alleviating endothelial oxidative stress, reducing inflammation, 
promoting a favorable balance of the gut microbiota, and reduc-
ing inflammatory processes.

Nuclear factor-kappa B (NF-κB), a crucial transcription factor in-
volved in the control of inflammatory processes, can be inhibited 
by GLP-1 RAs (Marso, Bain, et al. 2016; Hernandez et al. 2018; 
Nielsen et al. 2019). Furthermore, by causing cell cycle arrest in 
vascular smooth muscle cells via the AMPK pathway, liraglutide 
can postpone the development of AS (Zhao et al. 2021).

3.5   |   GLP-1 RAs and Hypertension

An essential chemoreceptor in the human body, the carotid body is 
crucial for controlling blood glucose sensitivity, energy homeosta-
sis, and cardiovascular and respiratory activity (Pauza et al. 2022). 
Interestingly, GLP-1 RAs, which are involved in the simultaneous 
regulation of blood pressure and blood glucose, are expressed by 
the carotid body (Paton et al. 2013). Through the inhibition of ca-
rotid body function, GLP-1 RAs control hypertension (Hernandez 
et al. 2018). In particular, these substances have the ability to de-
crease sympathetic activation and the excitability of carotid body 
cells, which will ultimately result in a decrease in sympathetic 
responses (Paton et al. 2013). Since these drugs reduce blood pres-
sure, this modulatory impact may help people with hypertension 

by reducing sympathetic activity (Ban et  al.  2008). Importantly, 
patients with diabetes and hypertension who have increased 
sympathetic activity may benefit from treatment by targeting the 
“GLP-1-carotid body pathway,” a potential therapeutic target for 
controlling cardiovascular metabolism (Paton et al. 2013).

3.6   |   GLP-1 RAs and Heart Failure

Heart failure with preserved ejection fraction (HFpEF) accounts 
for roughly half of all heart failure cases and is increasingly com-
mon in the setting of obesity; affected individuals often have 
substantial symptom burden and functional limitation, includ-
ing exertional dyspnoea, fatigue, and reduced exercise tolerance. 
Until recently, no pharmacological therapy directly targeted the 
obesity-related HFpEF phenotype. This changed with the STEP-
HFpEF program: in the STEP-HFpEF trial, semaglutide 2.4 mg 
improved heart failure-related symptoms and physical limita-
tions (Kansas City Cardiomyopathy Questionnaire Clinical 
Summary Score), increased 6-min walk distance, and produced 
substantial weight loss compared with placebo in patients with 
obesity-related HFpEF without diabetes (Kosiborod et al. 2023); 
the companion STEP-HFpEF DM trial extended these findings 
to patients with type 2 diabetes, with benefits independent of 
baseline HbA1c (Kosiborod et al. 2024). Neither trial, however, 
demonstrated a reduction in heart failure hospitalization or mor-
tality, so current evidence supports semaglutide as a symptom- 
and function-modifying therapy in obesity-related HFpEF rather 
than as a therapy proven to reduce hard cardiovascular outcomes 
in this setting. The evidence in heart failure with reduced ejec-
tion fraction (HFrEF) is considerably less favorable and should 
not be conflated with the HFpEF data above. In the FIGHT trial, 
liraglutide did not improve clinical stability in patients with re-
cently hospitalized HFrEF and was associated with a numerically 
higher, though not statistically significant, risk of death or heart 
failure hospitalization (Margulies et al. 2016); the LIVE trial sim-
ilarly found no improvement in left ventricular function with li-
raglutide in stable chronic HFrEF and raised a signal of increased 
serious cardiac adverse events, including arrhythmias (Nielsen 
et al. 2019). GLP-1 RAs are therefore not currently recommended 
as a primary treatment for HFrEF. Regarding the receptor basis 
for these cardiac actions, GLP-1R transcripts have been detected 
in human atrial and ventricular tissue, but definitive localisation 
of GLP-1 receptor protein within cardiomyocytes has not been 
established, and it remains unclear whether GLP-1 RAs act di-
rectly on the myocardium or produce their heart failure-related 
benefits indirectly, through weight loss, natriuresis, and reduced 
inflammation (Baggio et al. 2018).

4   |   Evidence of Renal Benefits

4.1   |   Renal Outcomes in CVOTs

Cardiovascular outcomes trials (CVOTs) have been pivotal 
in establishing the renal benefits of GLP-1 receptor agonists 
(GLP-1 RAs) in patients with and without type 2 diabetes mel-
litus. These large, randomized, placebo-controlled studies were 
initially designed to assess the cardiovascular safety of GLP-1 
RAs but have consistently reported secondary renal outcomes 
as well.
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A comprehensive meta-analysis of 13 CVOTs, including over 
83,000 patients, demonstrated that GLP-1RAs therapy signifi-
cantly reduced the risk of composite kidney outcomes (95% con-
fidence interval) (Rivera et al. 2024). This composite generally 
included new-onset macroalbuminuria, sustained decline in 
estimated glomerular filtration rate (eGFR), progression to end-
stage kidney disease (ESKD), or death from renal causes.

These renal benefits were observed consistently across sub-
groups, regardless of baseline cardiovascular disease (CVD) his-
tory, eGFR, body mass index (BMI), or sex. Notably, the effect 
size for renal outcomes was similar to that observed for major 
adverse cardiovascular events (MACE), underscoring the broad 
protective effects of GLP-1 RAs beyond glycemic control. These 
findings were not limited to patients with established diabetes, 
suggesting potential utility in broader high-risk populations.

The FLOW trial is the first dedicated kidney outcomes trial eval-
uating the effects of GLP-1 RAs, semaglutide, in patients with 
type 2 diabetes (T2D) and chronic kidney disease (CKD). This 
multinational, randomized, placebo-controlled study enrolled 
3533 adults with T2D and moderate to severe CKD, many with 
significant albuminuria, and followed them for a median of 
3.4 years before early termination due to clear efficacy (Perkovic 
et al. 2024).

The outcomes included onset of kidney failure, sustained ≥ 50% 
decline in eGFR, or death from kidney- or cardiovascular-
related causes, which occurred significantly less frequently in 
the semaglutide group (18.7%) compared to placebo (23.2%), cor-
responding to a 24% risk reduction. Beyond kidney outcomes, 
semaglutide reduced major adverse cardiovascular events by 
18% and all-cause mortality by 20%, highlighting its dual cardio-
renal protective effects.

4.2   |   Reduction in Albuminuria

Albuminuria is a hallmark of early kidney damage and a strong 
predictor of chronic kidney disease (CKD) progression and car-
diovascular events in patients with type 2 diabetes (T2D). One 
of the most robust and consistent renal effects of GLP-1 RAs ob-
served in CVOTs and dedicated renal studies is the reduction 
in albuminuria. Meta-analyses and pooled data from CVOTs 
have shown that GLP-1 RAs treatment is associated with a sig-
nificant decrease in new-onset or worsening macroalbuminuria 
compared to placebo (Lee et al. 2025).

The albuminuria-lowering effect of semaglutide was consistent 
across various patient subgroups stratified by baseline kidney 
function, degree of albuminuria, and background use of renin-
angiotensin-aldosterone system (RAAS) inhibitors and sodium-
glucose cotransporter 2 inhibitors (SGLT2is). This suggests that 
the benefits of GLP-1 RAs therapy on albuminuria are robust 
and additive to current standard-of-care treatments.

Clinically, the decrease in albuminuria correlated with slower 
rates of estimated glomerular filtration rate (eGFR) decline and 
a reduced risk of progression to kidney failure, reinforcing albu-
minuria as a valid surrogate marker for renal protection. These 
findings underscore the importance of early intervention with 

GLP-1 RAs to reduce albuminuria and delay CKD progression 
in patients with T2D.

4.3   |   Slowing the Progression of Chronic Kidney 
Disease (CKD)

Beyond albuminuria, GLP-1 RAs have demonstrated efficacy in 
slowing the progression of CKD. In pooled analyses of CVOTs, 
long-acting GLP-1 RAs reduced the risk of sustained decline in 
eGFR, progression to ESKD, and the need for renal replacement 
therapy by approximately 20%–22% compared with placebo (Lee 
et al. 2025). For instance, in eight trials focusing on long-acting 
GLP-1 RAs, there was a 22% reduction in the risk of worsening 
kidney function (hazard ratio [HR]).

Importantly, the renal benefits of GLP-1 RAs have been ob-
served across a spectrum of baseline kidney function, including 
patients with moderate to advanced CKD, making these agents a 
valuable therapeutic option in this high-risk population.

4.4   |   Proposed Renoprotective Mechanisms

The mechanisms underlying the renoprotective effects of GLP-1 
RAs are multifaceted and extend beyond their metabolic actions. 
Improved glycemic control reduces glomerular hyperfiltration 
and microvascular injury, which are central to the development 
and progression of diabetic kidney disease. Meta-regression data 
confirm that greater HbA1c reductions with GLP-1 RAs are as-
sociated with better renal outcomes (Yoshiji et al. 2022).

Preclinical studies suggest that GLP-1RAs may exert direct 
anti-inflammatory and anti-fibrotic effects in the kidney, re-
duce oxidative stress, and improve endothelial function (Dieter 
et  al.  2018). These actions help preserve renal structure and 
function independently of glycemic or blood pressure changes.

The consistent reduction in albuminuria with GLP-1 RAs ther-
apy implies a stabilization of the glomerular filtration barrier, 
possibly through effects on podocyte function and reduction of 
renal inflammation. Furthermore, by lowering the risk of car-
diovascular events, GLP-1RAs may also indirectly reduce the 
risk of CKD progression, given the strong interplay between car-
diovascular and renal disease (Rivera et al. 2024).

4.5   |   Comparative Benefits Among Different 
GLP-1 RAs

4.5.1   |   Renal Outcome

Drugs like liraglutide, subcutaneous semaglutide, and dulaglu-
tide have shown significant reductions in composite kidney out-
comes, largely driven by decreased new-onset macroalbuminuria 
(von Scholten et al. 2022). Post hoc analyses further support the 
albuminuria-lowering effects of semaglutide, and dulaglutide has 
shown promise in slowing eGFR decline in patients with moderate-
to-severe chronic kidney disease (von Scholten et  al.  2022). 
However, the impact of GLP-1 RAs on renal outcomes may vary 
depending on the stage of kidney disease. A study focusing on 
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patients with very advanced diabetic kidney disease did not find 
a significant improvement in composite cardiovascular outcomes, 
which often include renal endpoints, suggesting that the benefits 
observed in earlier stages might be less pronounced in advanced 
CKD (Lin et al. 2023). Ongoing dedicated renal outcome trials will 
provide further clarity on the specific effects of GLP-1 RAs on kid-
ney disease progression (von Scholten et al. 2022).

Study Medication Renal effect

EXSCEL trial Exenatide No significant effect 
on eGFR decline, 

RRT, or renal death

SUSTAIN 
trial

Semaglutide 
(subcutaneous)

Reduced new 
or worsening 

kidney disease

Reduced albuminuria

PIONEER-6 
trial

Semaglutide (oral) No significant 
renal outcome

FLOW trial Semaglutide Benefits in CKD

LEADER trial Liraglutide Reduce risk of composite 
kidney outcome

REWIND 
trial

Dulaglutide Reduce risk of composite 
kidney outcome

AWARD-7 Dulaglutide Slower decline in 
eGFR compared with 

insulin glargine.

ELIXA trial Lixisenatide Modestly lowered 
urinary albumin to 

creatinine ratio (UACR) 
compared to placebo

No significantly 
impact eGFR

4.5.2   |   Cardiovascular Outcome

Meta-analyses of cardiovascular outcome trials (CVOTs) have 
established that GLP-1RAs reduce major adverse cardiovascular 
events (MACE) by roughly 15%, with benefits extending beyond 
MACE to include unstable angina, revascularization, and show-
ing promise in both primary and secondary prevention (Daniels 
et al. 2025). GLP-1 RAs have also demonstrated a reduction in 
stroke risk (especially ischemic) and peripheral arterial disease 
events (Lin et al. 2023). While initial concerns existed regarding 
their efficacy in heart failure, more recent data suggest a poten-
tial for reducing heart failure outcomes, particularly in HFpEF, 
with possible benefits also in HFrEF (Daniels et al. 2025).

However, a study specifically investigating patients with advanced 
diabetic kidney disease (eGFR < 30 mL/min/1.73 m2) found that 
GLP-1 RAs did not significantly improve composite cardiovascu-
lar outcomes in this high-risk population (Lin et al. 2023). This 
contrasts with findings in patients with better kidney function and 
highlights the complex interplay between advanced kidney dis-
ease and cardiovascular events, where CKD-related factors may 

attenuate the cardioprotective effects typically seen with GLP-1 
RAs (Lin et al. 2023). Here are some individual discussions.

Study Medication
Cardioprotective 

effects

LEADER 
trial

Liraglutide Significant reduction 
in the risk of major 

adverse cardiovascular 
events (MACE)

SUSTAIN 
trial

Semaglutide 
(subcutaneous)

Significant reduction 
in the risk of major 

adverse cardiovascular 
events (MACE)

PIONEER-6 
trial

Semaglutide 
(oral)

Non-inferiority for 
cardiovascular safety 
compared to placebo, 

with a numerically 
lower rate of MACE

REWIND 
trial

Dulaglutide Significantly reduced 
the risk of the 

primary composite 
cardiovascular outcome

EXSCEL 
trial

Exenatide No significant difference 
in the primary composite 
cardiovascular outcome

ELIXA trial Lixisenatide Demonstrated 
cardiovascular safety, 

showing non-inferiority 
to placebo for the 

primary composite 
cardiovascular outcome

5   |   Clinical Applications of GLP-1 RAs

GLP-1 RAs were initially developed as glucose-lowering medica-
tions because of their ability to activate GLP-1 receptor leading to 
a reduction in blood glucose and an improvement in postprandial 
glucose metabolism (Marx et  al.  2022). These beneficial effects 
on cardiovascular outcomes are considered mostly independent 
of the glucose-lowering characteristics of these agents. The evi-
dence from these CVOTs has modified the setting for treatment 
of patients with T2D with a standard shift in both diabetes and 
cardiology guidelines. Putting in a GLP-1 RAs, DPP-4 or SGLT2i 
to insulin regimens can provide a remarkable reduction in HbA1c 
without considerably increasing hypoglycemia risk or weight gain 
(Wilding and Bain 2016). The present-day ADA/EASD consensus 
algorithm proposes that GLP-1 RAs should be preferentially used 
after metformin failure in patients with established atherosclerotic 
cardiovascular disease and patients without established cardio-
vascular disease with high-risk indicators, such as age ≥ 55 years, 
carotid, lower extremity or coronary artery stenosis > 50%, left 
ventricular hypertrophy, eGFR < 60 mL/min, or albuminuria 
(Buse et al. 2020). The ESC guidelines have gone to a greater extent 
in recommending GLP-1 RAs (or SGLT-2 inhibitors) as first-line 
therapy in patients with long-established atherosclerotic cardio-
vascular disease or in those at high risk (Cosentino et al. 2020).
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6   |   Safety Profile

GLP-1 RAs are generally well tolerated, with gastrointestinal 
symptoms such as nausea, vomiting, diarrhea, and constipa-
tion representing the most frequently reported adverse effects. 
These symptoms are usually mild to moderate in severity, tend 
to occur during the early stages of treatment or following dose 
escalation, and typically improve with continued therapy. In one 
recent study, treatment discontinuation due to gastrointestinal 
adverse effects occurred in 6.4% of participants receiving GLP-1 
RAs, compared with 0.7% in the placebo group. The incidence of 
nausea also declined over time, affecting 24.7% of participants at 
week 4, 14.7% at week 8, and only 5.5% by week 56 (Ghusn and 
Hurtado 2024).

Owing to their glucose-dependent mechanism of action, GLP-1 
RAs have a low intrinsic risk of hypoglycemia when used as 
monotherapy or in combination with metformin. However, the 
risk increases when they are combined with insulin or sulfony-
lureas, and dose reduction of these concomitant agents may be 
required (Chaudhury et al. 2017).

Renal considerations vary among agents. Exenatide is primarily 
renally eliminated and should be avoided in patients with an es-
timated glomerular filtration rate (eGFR) < 30 mL/min/1.73 m2 
(Yu et al. 2022). In contrast, semaglutide and dulaglutide have 
demonstrated favorable safety profiles across a broad range of 
renal function, including moderate to severe chronic kidney dis-
ease (Perkovic et al. 2024).

Potential safety concerns: Early post marketing reports raised 
concerns regarding an association between GLP-1 RAs and 
acute pancreatitis. However, subsequent randomized controlled 
trials and large cardiovascular outcome trials have not consis-
tently demonstrated a causal relationship, although clinicians 
should remain vigilant in patients with a history of pancreati-
tis (Egan et al. 2014). Similarly, liraglutide produced C cell tu-
mors in rodent studies, leading to a boxed warning for this drug 
class. However, this effect has not been confirmed in humans, 
and no increase in medullary thyroid carcinoma was observed 
in major cardiovascular outcome trials such as LEADER, 
REWIND, and SUSTAIN-6 (Marso, Daniels, et  al.  2016; 
Gerstein et al. 2019; Marso, Bain, et al. 2016; US Food and Drug 
Administration 2009).

Heart failure considerations: The effects of GLP-1 RAs on 
heart failure differ by phenotype. In obesity-related heart fail-
ure with preserved ejection fraction, semaglutide improves 
symptoms, functional capacity, and body weight, both with 
and without type 2 diabetes (Kosiborod et  al.  2023, 2024), 
although a reduction in heart failure hospitalization or mor-
tality has not yet been demonstrated. In heart failure with 
reduced ejection fraction, by contrast, dedicated trials of li-
raglutide have shown no clinical benefit and a possible sig-
nal of harm, including increased arrhythmic risk (Nielsen 
et al. 2019; Margulies et al. 2016); GLP-1 RAs are not currently 
recommended as a primary treatment for HFrEF and, in this 
population, should be used mainly for their metabolic and 
atherosclerotic cardiovascular benefits rather than as heart 
failure-directed therapy.

7   |   Conclusion

GLP-1 receptor agonists (GLP-1 RAs) have emerged as a trans-
formative class of medicines in the management of type 2 diabe-
tes, offering benefits that extend well beyond glycemic control. 
Across numerous large-scale cardiovascular outcome trials, 
these agents have consistently shown protective effects on both 
the heart and kidneys, and emerging evidence in populations 
without diabetes indicates that this protection is not confined to 
people with diabetes, cementing their role in cardiorenal risk-
reduction strategies.

8   |   Summary

GLP-1 RAs are not only powerful glucose lowering agents but 
also offer meaningful renal and cardiovascular protection, par-
ticularly with agents such as semaglutide, dulaglutide, and li-
raglutide, and increasingly in people without diabetes as well. 
Their use should be strongly considered in patients with type 
2 diabetes at high cardiorenal risk, especially in earlier stages 
of chronic kidney disease. Tailoring agent selection to patient-
specific factors including dosing preferences, renal function, 
and cardiovascular history is essential for optimizing treatment 
outcomes.
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