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ABSTRACT
Aims: Incretin-based pharmacotherapy was initially developed to improve glucose-dependent insulin secretion and glycaemic 
control in type 2 diabetes, but its clinical interpretation has expanded substantially with cardiovascular outcome trials, kidney 
outcome data, obesity studies and next-generation polyagonist development. This narrative clinical review uses structured litera-
ture identification and outcome-stratified synthesis to evaluate incretin-based therapies as cardiometabolic interventions across 
diabetes, obesity, cardiovascular disease and chronic kidney disease.
Materials and Methods: The available evidence was interpreted according to therapeutic class, clinical domain, outcome ma-
turity and safety boundaries, integrating clinical outcome evidence with receptor-network pharmacology.
Results: Selected GLP-1 receptor agonists are supported by hard cardiovascular and renal outcome data, whereas several dual, 
triple, amylin-linked and oral small-molecule strategies are currently supported mainly by glycaemic, weight-loss, metabolic or 
early translational endpoints. This distinction is clinically important because treatment positioning should depend on patient 
phenotype, outcome maturity and safety boundaries rather than mechanistic plausibility alone. In patients with type 2 diabetes 
and established atherosclerotic cardiovascular disease, GLP-1 receptor agonists with proven cardiovascular outcome benefit 
should be prioritised when atherosclerotic risk reduction is a major treatment goal. In type 2 diabetes with chronic kidney dis-
ease, semaglutide has dedicated kidney outcome evidence. In obesity with cardiometabolic risk, high-magnitude and sustained 
weight reduction has become a clinically relevant therapeutic target. Receptor-network pharmacology, including GLP-1, GIP, 
glucagon and amylin receptor signalling, provides a useful explanatory framework for heterogeneous efficacy, tolerability and 
tissue-level effects.
Conclusions: However, clinical use remains bounded by gastrointestinal tolerability, lean-mass preservation, treatment dura-
bility, discontinuation effects and long-term safety. This review therefore proposes phenotype-based clinical positioning rather 
than a prescriptive treatment algorithm.
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1   |   Introduction and Rationale

Incretins are nutrient-stimulated gut-derived peptide hormones 
that amplify glucose-dependent insulin secretion and coordi-
nate postprandial metabolic responses. Incretin-based pharma-
cotherapy was developed to improve glycaemic control in Type 2 
diabetes (T2D) with low hypoglycaemia risk, but its clinical in-
terpretation has broadened substantially. Selected GLP-1 recep-
tor agonists (GLP-1RAs) now have established relevance across 
several cardiometabolic domains, including atherosclerotic car-
diovascular disease, chronic kidney disease (CKD) progression, 
adiposity-related risk and obesity-related multimorbidity [1, 2]. 
Cardiovascular outcome trials and meta-analyses have shown 
that selected GLP-1RAs reduce major adverse cardiovascular 
events (MACE), particularly in patients with T2D and increased 
cardiovascular risk [3, 4]. Kidney evidence has also progressed 
from albuminuria-based surrogate signals to dedicated outcome 
data. In FLOW, semaglutide slowed CKD progression and re-
duced kidney- or cardiovascular-related outcomes in patients 
with T2D and established CKD [5].

In parallel, obesity has moved from being viewed mainly as a 
comorbidity of T2D to a central determinant of cardiometabolic 
risk, treatment selection and long-term therapeutic strategy. 
Contemporary standards recognise obesity as a chronic, relaps-
ing disease and emphasise that greater and sustained weight 
loss is associated with greater metabolic benefit and, in selected 
patients, a more favourable disease trajectory [6]. The STEP 
programme demonstrated that semaglutide 2.4 mg produces 
clinically meaningful and sustained weight loss in individuals 
with overweight or obesity [7, 8]. This is particularly relevant for 
incretin therapy, because GLP-1-based agents may influence in-
terconnected domains, including glycaemia, adiposity, vascular 
inflammation, haemodynamic stress and organ complications. 

However, these signals require evidence stratification, since 
weight-loss, metabolic, inflammatory and organ-level effects do 
not carry the same degree of outcome validation across thera-
peutic classes.

1.1   |   From Glucose-Centred Therapy to 
Outcome-Stratified Cardiometabolic Intervention

Cardiovascular outcome trial meta-analyses in T2D have shown 
that selected GLP-1RAs reduce MACE despite modest differ-
ences in glycated haemoglobin (HbA1c) [3, 9]. This separation 
between glycaemic change and organ-level benefit is reinforced 
by SELECT, in which semaglutide reduced MACE in individu-
als with overweight or obesity and established cardiovascular 
disease but without diabetes, and by FLOW, in which sema-
glutide slowed CKD progression and reduced kidney-related 
outcomes in patients with T2D and established CKD [5, 10]. 
These findings support a clinical interpretation of incretin-
based therapy beyond glucose lowering, while recognising that 
glucose-independent mechanisms remain incompletely defined 
in humans (Figure  1). They also justify an outcome-stratified 
approach that separates cardiovascular and kidney outcome evi-
dence from surrogate, exploratory and mechanistic signals.

Next-generation incretin polyagonists add a further layer to 
this evidence hierarchy. Tirzepatide, a GIP-GLP-1 receptor co-
agonist, produces greater HbA1c and body-weight reductions 
than semaglutide 1 mg in T2D and high-magnitude weight 
loss in obesity, supporting effects that cannot be explained as 
stronger GLP-1R agonism alone [11, 12]. GIP receptor engage-
ment may contribute through central and peripheral pathways 
regulating energy intake, adipose biology and metabolic parti-
tioning, although the relative human contribution of these path-
ways remains uncertain [2]. In SURPASS-CVOT, tirzepatide 
was non-inferior to dulaglutide for three-point MACE, but su-
periority was not shown; placebo-comparative cardiovascular 
benefit therefore remains indirect [13]. These findings support 
high metabolic efficacy, while reinforcing the need to separate 
glycaemic and weight-loss endpoints from hard cardiovascular 
outcome evidence.

1.2   |   Aims and Scope

This narrative clinical review synthesises contemporary clini-
cal, translational and mechanistic evidence on incretin-based 
therapies within an outcome-stratified cardiometabolic ap-
proach. It focuses on GLP-1RAs and next-generation incretin-
based therapies, including GIP-GLP-1 and GLP-1-glucagon 
co-agonists, amylin-linked strategies, triple agonists and oral 
small-molecule GLP-1RAs. The clinical domains considered 
are T2D, obesity, atherosclerotic cardiovascular disease, CKD, 
metabolic liver disease and emerging neural or microvascular 
areas. The scope is interpretative rather than guideline-based. 
This review does not provide a prescriptive treatment algorithm, 
rank individual agents or perform quantitative pooling. Instead, 
it separates outcome-supported clinical positioning from surro-
gate, translational and mechanistic evidence. Receptor-network 
pharmacology is used to explain how GLP-1, GIP, glucagon and 
amylin receptor (AMYR) pathways may connect molecular 

Highlights

•	 Incretin-based therapies have outcome-supported 
clinical relevance in selected cardiovascular, renal 
and obesity-related cardiometabolic domains.

•	 Evidence maturity differs across therapeutic classes: 
established GLP-1 receptor agonists have the strongest 
cardiovascular and renal outcome support, whereas 
several newer polyagonist and amylin-linked strate-
gies remain supported mainly by metabolic or weight-
loss endpoints.

•	 Phenotype-based clinical positioning should distin-
guish Type 2 diabetes with atherosclerotic cardiovas-
cular disease, Type 2 diabetes with chronic kidney 
disease, obesity with cardiometabolic risk, metabolic 
liver disease and overlapping multimorbidity.

•	 Receptor-network pharmacology provides an explana-
tory framework linking GLP-1, GIP, glucagon and am-
ylin receptor signalling with tissue-level effects, but it 
should not substitute for outcome evidence.

•	 Clinical implementation requires attention to gas-
trointestinal tolerability, body-composition changes, 
lean-mass preservation, treatment durability and 
long-term safety.
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signalling with tissue-level and clinical patterns. Mechanistic 
plausibility is treated as supportive rather than sufficient for 
clinical positioning, which remains anchored to evidence ma-
turity, patient phenotype, safety boundaries, body-composition 
effects and expected durability.

1.3   |   Literature Search and Review Methodology

This article was designed as a narrative clinical review with 
structured literature identification and outcome-stratified 
synthesis. Its aim was to integrate clinical outcome evidence, 
translational mechanistic data and receptor-pharmacology con-
cepts relevant to incretin-based cardiometabolic therapy, rather 
than to perform a formal systematic review or quantitative 
meta-analysis. Targeted searches were conducted in PubMed/
MEDLINE, Scopus and Web of Science for publications avail-
able up to July 2026. Search terms combined incretin-related 
terms, including GLP-1 receptor agonist, incretin therapy, GIP 
receptor, glucagon receptor, AMYR, tirzepatide and incretin 
polyagonist, with clinical-domain terms including cardiovascu-
lar outcomes, CKD, obesity, metabolic liver disease, body com-
position, safety and treatment durability.

Priority was given to large randomised trials, cardiovascular 
and kidney outcome trials, obesity trials, major meta-analyses, 
pooled analyses, mechanistic and translational studies and re-
cent integrative reviews in endocrinology, metabolism, obesity 
medicine, nephrology and cardiovascular medicine. Emphasis 
was placed on cardiovascular outcomes, CKD progression, 
high-magnitude weight reduction, metabolic liver disease, re-
ceptor signalling, polyagonist pharmacology, body composition, 
treatment durability and safety.

Given the narrative design, study selection was guided by clin-
ical relevance, conceptual importance and translational appli-
cability rather than predefined systematic-review criteria. No 
original patient-level data were analysed, and no de novo statisti-
cal testing, confounder adjustment, quantitative pooling, formal 
risk-of-bias assessment or GRADE-based evidence rating was 
performed. Clinical trials and meta-analyses were interpreted 
according to their published results and endpoint maturity.

1.4   |   Evidence Hierarchy Used in This Review

To avoid overextension of mechanistic interpretation, this re-
view applies a qualitative evidence hierarchy. The highest level 
is assigned to hard clinical endpoints from dedicated outcome 
trials or large randomised-trial meta-analyses, including MACE, 
cardiovascular death, kidney failure, sustained estimated glo-
merular filtration rate decline and kidney- or cardiovascular-
related death.

A second level includes validated surrogate or intermediate end-
points, such as HbA1c, body weight, blood pressure, lipid vari-
ables, albuminuria, estimated glomerular filtration rate slope 
and histological endpoints in metabolic dysfunction-associated 
steatohepatitis. A third level includes exploratory or transla-
tional signals, including inflammatory markers, endothelial 
function, body-composition measures, food-cue reactivity and 

FIGURE 1    |    Conceptual evolution of incretin-based therapy from 
glucose-centred pharmacology towards outcome-stratified car-
diometabolic intervention. The figure illustrates the progressive ex-
pansion of incretin-based therapy from classical incretin physiology 
and glucose-dependent insulin secretion towards cardiovascular, re-
nal, obesity-related, and multi-organ cardiometabolic interpretation. 
Early therapeutic use focused on glycaemic control in Type 2 diabetes. 
Subsequent cardiovascular outcome trials, obesity studies and dedi-
cated kidney outcome data broadened the clinical relevance of GLP-1 
receptor agonists and related incretin-based therapies. The contem-
porary interpretation requires outcome stratification: Cardiovascular 
and renal effects are strongest where supported by dedicated outcome 
trials or large meta-analyses, whereas neural, microvascular, mito-
chondrial and receptor-topology mechanisms should be interpret-
ed as emerging or hypothesis-generating. Receptor-network signal-
ling provides a biological explanation for multi-domain effects, but 
clinical positioning remains anchored to evidence maturity, patient 
phenotype, safety boundaries and treatment durability. CKD, chron-
ic kidney disease; GLP-1, glucagon-like peptide-1; GLP-1RA, GLP-1 
receptor agonist; MACE, major adverse cardiovascular events; T2D, 
Type 2 diabetes.
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early neural or microvascular endpoints. A fourth level includes 
mechanistic hypotheses derived from receptor biology, struc-
tural pharmacology, receptor trafficking, biased agonism, re-
ceptor co-expression and preclinical models.

This hierarchy distinguishes outcome-supported clinical po-
sitioning from biological plausibility. Surrogate, translational 
and mechanistic findings may inform interpretation and iden-
tify future therapeutic domains, but they should not be treated 
as equivalent to hard cardiovascular, kidney or mortality out-
comes. Table 1 translates this hierarchy into a phenotype-based 
clinical positioning framework, whereas Table  S2 provides a 
complementary overview of evidence maturity and remaining 
evidence gaps across therapeutic classes.

2   |   Outcome-Supported Clinical Domains

The evidence hierarchy outlined above places outcome-
supported domains before mechanistic interpretation. 
Cardiovascular, kidney and obesity-related evidence currently 
provides the strongest clinical basis for interpreting incretin-
based therapies as cardiometabolic interventions, whereas he-
patic, neural, microvascular and receptor-topology findings 
require more cautious interpretation according to endpoint 
maturity [1, 4]. The following sections therefore summarise the 
principal clinical domains before returning to receptor-network 
pharmacology as an explanatory approach.

2.1   |   Cardiovascular Outcomes and ASCVD 
Phenotype

Cardiovascular outcome evidence is central to the clinical posi-
tioning of incretin-based therapy. Cardiovascular outcome trials 
and meta-analyses have shown that selected GLP-1RAs reduce 
MACE, with pooled analyses suggesting particularly consistent 
effects on stroke risk [3, 9]. In patients with T2D and established 
atherosclerotic cardiovascular disease, GLP-1RAs with proven 
cardiovascular outcome benefit should therefore be prioritised 
when atherosclerotic risk reduction is a major therapeutic goal.

Mechanistically, GLP-1 and GLP-1RAs may influence vascular 
biology through effects on endothelial function, inflammatory 
signalling, macrophage activation and foam-cell formation. 
These mechanisms are consistent with vascular homeostasis 
and plaque stabilisation, but direct attribution of cardiovascu-
lar outcome benefit to any single pathway remains uncertain. 
Cardiovascular protection is therefore best interpreted as an in-
tegrated clinical and biological effect rather than as an isolated 
anti-atherosclerotic mechanism [16].

2.2   |   Kidney Outcomes and CKD Phenotype

Kidney outcomes provide one of the clearest examples of 
outcome-supported multi-organ benefit with incretin-based 
therapy. GLP-1RA therapy is associated with albuminuria re-
duction and slower decline in estimated glomerular filtration 
rate across trials and pooled analyses [4]. In FLOW, semaglutide 
reduced a composite kidney endpoint including major estimated 

glomerular filtration rate decline, kidney failure and kidney- or 
cardiovascular-related death in patients with T2D and estab-
lished CKD [5].

These findings support phenotype-based positioning of sema-
glutide in T2D with CKD, particularly when kidney disease 
progression and cardiometabolic risk coexist. Potential mech-
anisms include systemic and intraglomerular haemodynamic 
effects, reduced inflammatory and oxidative stress signalling, 
lower body weight and blood pressure and reduced metabolic 
load [17]. However, albuminuria reduction, estimated glomer-
ular filtration rate slope and mechanistic renal signals should 
be distinguished from dedicated kidney outcome evidence when 
interpreting drug-class positioning.

2.3   |   Obesity, Weight Reduction 
and Cardiometabolic Risk

Obesity and increased adiposity define a major cardiometabolic 
phenotype in which incretin-based therapy may address hyper-
glycaemia, excess adiposity, inflammatory burden and vascu-
lar risk in parallel. In T2D with obesity, weight reduction and 
improved glycaemic control support the use of incretin-based 
therapies within combination treatment strategies, particularly 
when adiposity, metabolic risk and vascular risk coexist [4]. 
In individuals with overweight or obesity and established car-
diovascular disease but without diabetes, semaglutide 2.4 mg 
provides outcome-supported evidence for cardiovascular risk 
reduction, while obesity trials support high-magnitude weight 
loss as a clinically relevant therapeutic target [10, 12].

Next-generation incretin therapies differ substantially in evi-
dence maturity. GIP-GLP-1 co-agonists have strong glycaemic 
and weight-loss evidence, whereas GLP-1-glucagon co-agonists, 
triple agonists, amylin-linked strategies and oral small-molecule 
GLP-1RAs remain supported mainly by metabolic, weight-loss, 
tolerability or early translational endpoints [18, 19]. Weight-loss 
efficacy should therefore be distinguished from established car-
diovascular, kidney or liver outcome benefit.

2.4   |   Metabolic Liver Disease

Metabolic liver disease represents an increasingly relevant but 
less mature outcome domain for incretin-based therapy than 
cardiovascular or kidney disease. In patients with metabolic 
dysfunction-associated steatotic liver disease, particularly when 
obesity or T2D coexists, incretin-based therapies may improve 
hepatic metabolic burden through weight reduction, improved 
insulin sensitivity and reduced lipotoxic substrate flux. Clinical 
trials with semaglutide and tirzepatide have reported favourable 
histological effects on steatohepatitis and fibrosis-related end-
points [14, 15].

These findings strengthen the clinical relevance of incretin-based 
therapy in metabolic liver disease, but the maturity of evidence 
remains distinct from that of cardiovascular and kidney outcome 
trials. Histological improvement, including resolution of steato-
hepatitis or improvement in fibrosis-related endpoints, represents 
clinically important intermediate evidence but should not be 
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equated with reduction in cirrhosis, hepatic decompensation, liver 
transplantation or liver-related mortality. Longer-term studies are 
therefore needed to determine whether improvements in hepatic 
histology translate into durable liver-related clinical benefit.

2.5   |   Multimorbidity and Phenotype-Based 
Positioning

In clinical practice, T2D, obesity, CKD and atherosclerotic car-
diovascular disease frequently coexist, making single-phenotype 
or molecule-centred treatment selection increasingly artificial. 
In such patients, therapeutic priorities should first be defined by 
the clinical domain with the strongest outcome-supported need. 
When atherosclerotic cardiovascular risk predominates, GLP-
1RAs with proven cardiovascular benefit should be prioritised; 
when CKD progression is the major concern, semaglutide has 
dedicated kidney outcome evidence in T2D with CKD [5, 10]. 
When severe obesity or adiposity-related metabolic burden is the 
dominant unresolved problem, the magnitude and durability of 
weight reduction become increasingly relevant, but should not 
be assumed to confer proportional cardiovascular, kidney or 
liver outcome benefit across therapeutic classes.

In complex multimorbidity, these priorities should be integrated 
rather than considered independently. Outcome-proven organ 
protection should generally take precedence when cardiovascu-
lar or kidney risk is clinically dominant, while glycaemic and 
weight-loss efficacy may further guide selection when com-
peting therapies provide comparable organ-specific evidence. 
Tolerability, frailty, body composition, treatment persistence, ac-
cess and expected durability then modify the final choice. This 
framework is intended as a clinical prioritisation logic rather 
than a prescriptive treatment algorithm.

3   |   Receptor-Network Pharmacology as 
Mechanistic Explanation

Receptor-level pharmacology provides a biological framework 
for interpreting the heterogeneous effects of incretin-based 
therapies, but should remain subordinate to clinical evidence 
maturity. GLP-1R signalling is influenced by ligand structure, 
receptor conformation, tissue context, signalling duration and 
pharmacokinetic exposure, while multi-receptor therapies ex-
tend this framework across GIP, glucagon and amylin path-
ways [1, 2]. Incretin polyagonism can therefore be viewed as 
coordinated modulation of partially overlapping physiological 
systems rather than amplification of a single receptor pathway. 
Detailed receptor topology, structural pharmacology, trafficking 
and tetrad-signalling considerations are provided in Supporting 
Information Text S2 and Figure S1.

3.1   |   GLP-1 Receptor Signalling Bias and Tissue 
Context

GLP-1R is a class B G-protein-coupled receptor that predomi-
nantly signals through Gs-mediated adenylyl cyclase activa-
tion and cyclic adenosine monophosphate (cAMP) production. 

Different GLP-1RAs may stabilise distinct receptor conforma-
tions and engage downstream pathways to different degrees, a 
phenomenon described as biased agonism [20, 21]. Such signal-
ling diversity, together with tissue-specific receptor expression, 
may contribute to differences in glycaemic efficacy, appetite 
regulation and gastrointestinal tolerability (Figure 2). However, 
direct validation in human tissues remains limited, and receptor 
bias has not been established as an independent determinant of 
clinical outcome [2].

Receptor exposure and trafficking may further influence signal-
ling duration. GLP-1R internalisation and intracellular traffick-
ing differ across experimental agonist systems, but sustained 
endosomal signalling has not been demonstrated as a determi-
nant of human cardiovascular, kidney or weight-related out-
comes [2, 22]. These mechanisms should therefore be regarded 
as explanatory rather than positioning-grade evidence.

3.2   |   GIP-GLP-1 Co-Agonism and Neural-Metabolic 
Integration

GIP receptor signalling illustrates how incretin co-agonism may 
extend metabolic effects beyond pancreatic insulin secretion. 
Although classical GIP-mediated insulinotropic responsiveness 
is reduced in T2D, dual GIP-GLP-1 receptor agonism has re-
newed interest in extra-pancreatic and neural-metabolic actions 
of GIP [2]. Tirzepatide provides clinical proof of concept, with 
greater HbA1c and body-weight reductions than semaglutide 
1 mg in T2D and substantial weight loss in obesity [11, 12]. These 
findings support biologically relevant receptor co-agonism, but 
the contribution of specific GIP-mediated pathways in humans 
remains incompletely defined and should not be inferred di-
rectly from clinical efficacy.

3.3   |   GLP-1-Glucagon Co-Agonism 
and Energy-Expenditure Coupling

Glucagon receptor signalling adds a metabolic axis centred on 
substrate mobilisation, hepatic lipid handling and energy expen-
diture. In GLP-1-glucagon co-agonist constructs, GLP-1 receptor 
activation may support satiety and glycaemic stability, while glu-
cagon receptor engagement may increase metabolic flux [1, 23]. 
Early clinical and translational data support weight-loss and 
metabolic effects, but receptor-dose balance, gastrointestinal 
tolerability and long-term safety remain important constraints 
[18, 24]. The independent contribution of glucagon-mediated en-
ergy expenditure to human clinical benefit remains uncertain.

3.4   |   Amylin-Linked Strategies and Satiety 
Layering

AMYR signalling provides a satiety-regulating pathway that 
is complementary to GLP-1 receptor activation. Endogenous 
amylin acts predominantly through hindbrain circuits involved 
in meal termination, gastric emptying and postprandial glu-
cagon regulation [25, 26]. Combined GLP-1-amylin strategies 
may therefore reinforce appetite suppression through partially 
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overlapping but non-identical neural pathways. Clinical studies 
of cagrilintide–semaglutide and early amycretin data support 
the therapeutic relevance of this approach for weight reduction 
[19, 27], although additive and synergistic effects cannot yet be 
clearly distinguished in humans.

3.5   |   Triple Agonism and Biological Limits

Triple receptor agonists targeting GLP-1, GIP and glucagon 
receptors represent the most explicit form of incretin receptor-
network pharmacology. Their rationale is to coordinate path-
ways regulating energy intake, metabolic signalling, substrate 
mobilisation and energy expenditure. Structural studies of re-
tatrutide support designed receptor balance across the three 
receptor systems [28, 29], while Phase 2 trials demonstrate sub-
stantial body-weight reduction and clinically relevant glycaemic 
and metabolic effects [12, 30].

Greater receptor complexity may also introduce biological 
constraints, including gastrointestinal adverse effects, dose-
balance limitations, adaptive metabolic responses and body-
composition concerns. High-magnitude weight loss should 
therefore be interpreted alongside fat-mass reduction, lean-
mass preservation and functional metabolic quality [31]. 
Triple agonism illustrates both the potential and the limits of 
receptor-network pharmacology: high metabolic efficacy does 
not by itself establish long-term organ protection. Detailed 

receptor-topology considerations are provided in Supporting 
Information Text S2, while Figure 3 summarises the clinical 
interpretation of the receptor network.

4   |   Translational Tissue-Level Mechanisms

Translational mechanisms provide biological context for the 
clinical domains described above. Incretin-based therapies may 
influence neural, adipose, vascular, kidney and hepatic path-
ways through changes in energy intake, adiposity, substrate flux, 
inflammatory signalling and haemodynamic load [32, 33]. These 
mechanisms may help explain multi-organ effects, but should 
not be interpreted as independent evidence of clinical benefit.

4.1   |   Central Nervous System, Appetite 
and Reward

GLP-1R activation reduces energy intake through homeostatic 
satiety pathways and may also influence reward-related eating, 
craving and food-cue responses [34, 35]. GIP receptor signalling 
may contribute to central intake regulation, whereas AMYR 
activation promotes meal termination through partly distinct 
hindbrain circuits [2, 25]. These overlapping neural pathways 
provide a mechanistic basis for layered appetite regulation, but 
neural and behavioural endpoints remain translational rather 
than positioning-grade evidence.

FIGURE 2    |    Receptor-network signalling as a mechanistic basis for heterogeneous incretin effects. The figure provides a schematic representation 
of signalling diversity across GLP-1, GIP, glucagon and AMYR systems. GLP-1, GIP and glucagon receptors are class B G-protein-coupled receptors 
with seven-transmembrane architecture, whereas AMYR (=CTR-RAMP complex) signalling is mediated through calcitonin receptor complexes 
modified by RAMP. Differences in ligand structure, receptor conformation, tissue distribution and signalling duration may influence the relative en-
gagement of G-protein/cAMP, β-arrestin/MAPK and neural pathways. These signalling patterns may contribute to differences in glycaemic efficacy, 
appetite regulation, gastrointestinal tolerability, energy handling and tissue-level cardiometabolic effects. The arrow weights and pathway emphasis 
are intended as qualitative schematic features rather than quantitative comparisons of pathway strength or clinical effect size. cAMP, cyclic adenos-
ine monophosphate; CTR, calcitonin receptor; GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; MAPK, mitogen-
activated protein kinase; RAMP, receptor activity-modifying protein; TM, transmembrane.
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4.2   |   Adipose Tissue, Inflammation 
and Substrate Flux

Weight reduction with incretin-based therapy may be accompa-
nied by adipose remodelling, improved insulin sensitivity and 
favourable changes in lipid and inflammatory markers, includ-
ing high-sensitivity C-reactive protein, tumour necrosis factor-α 
and interleukin-6 [16, 36].

Reduced adiposity may also decrease lipotoxic substrate 
flux towards the liver, skeletal muscle and vascular tissues. 
However, the extent to which these tissue-level changes in-
dependently mediate cardiovascular or kidney outcomes re-
mains uncertain.

4.3   |   Convergent Cardiometabolic Stress Pathways

Across tissues, reduced energy intake, adiposity, inflammatory 
activity, haemodynamic load and ectopic lipid flux may con-
verge on shared cardiometabolic stress pathways [32, 33]. This 
convergence supports biological plausibility for multi-organ 
benefit, but clinical positioning should remain based on vali-
dated outcomes: dedicated cardiovascular and kidney outcome 

evidence where available, with more cautious interpretation of 
hepatic, neural, adipose and microvascular signals [4, 5].

5   |   Next-Generation Incretin Therapies: Class 
Characteristics and Evidence Maturity

Incretin-based pharmacotherapy has expanded beyond selec-
tive GLP-1 receptor agonism to include GIP-GLP-1 and GLP-1-
glucagon co-agonists, amylin-linked strategies, triple receptor 
agonists, oral small-molecule GLP-1 receptor agonists and early 
receptor-directed constructs. These classes differ in receptor 
architecture, dominant clinical axis and evidence maturity. 
Established GLP-1 receptor agonists have the strongest cardio-
vascular and kidney outcome support in selected populations, 
whereas several next-generation strategies remain supported 
mainly by glycaemic, weight-loss, metabolic, body-composition 
or early translational endpoints [1, 2].

This distinction is central to clinical positioning. Pharmacological 
novelty should not be equated with outcome maturity. Class 
interpretation should remain anchored to patient phenotype, 
endpoint validation, tolerability, body-composition effects and 
treatment durability. The major therapeutic classes, dominant 

FIGURE 3    |    Simplified receptor-network framework linking incretin pharmacology with clinical phenotype domains. The figure provides a 
simplified overview of how GLP-1, GIP, glucagon and AMYR pathways may contribute to partially overlapping physiological domains relevant to 
incretin-based therapy. GLP-1R signalling is primarily associated with satiety and glycaemic regulation, GIPR with neural-metabolic modulation, 
GCGR with substrate mobilisation and energy expenditure and AMYR with meal termination and satiety reinforcement. These pathways may 
converge on clinical domains including glycaemic control, weight reduction, cardiovascular and kidney protection and metabolic liver effects. The 
relationships shown are conceptual rather than quantitative and do not imply that receptor-level mechanisms independently establish clinical out-
come benefit. Clinical positioning remains determined by outcome maturity, patient phenotype, tolerability and durability. AMYR, amylin recep-
tor; cAMP, cyclic adenosine monophosphate; CNS, central nervous system; GCGR, glucagon receptor; GIP, glucose-dependent insulinotropic poly-
peptide; GIPR, GIP receptor; GLP-1, glucagon-like peptide-1; GLP-1R, GLP-1 receptor; MAPK, mitogen-activated protein kinase; RAMP, receptor 
activity-modifying protein.
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clinical axes and relative evidence maturity are summarised in 
Figure 4 and Tables S1 and S2.

5.1   |   GIP-GLP-1 Receptor Co-Agonists

Dual GIP-GLP-1 receptor agonism is the first clinically estab-
lished incretin polyagonist class. Tirzepatide produces greater 
reductions in HbA1c and body weight than semaglutide 1 mg in 
T2D and substantial, sustained weight loss in obesity [11, 12, 37]. 
Mechanistically, GIP receptor signalling may contribute to cen-
tral intake regulation, adipose biology and metabolic partition-
ing, although the relative contribution of these pathways in 
humans remains incompletely defined [2, 38].

The clinical interpretation of tirzepatide should distinguish 
metabolic efficacy from cardiovascular outcome maturity. In 
SURPASS-CVOT, tirzepatide was non-inferior to dulaglutide for 
three-point MACE, but superiority was not demonstrated [13]. 
Thus, active-comparator cardiovascular safety and efficacy data 
should not be interpreted as equivalent to placebo-controlled 

demonstration of cardiovascular risk reduction. Tirzepatide 
can therefore be positioned strongly when glycaemic control 
and weight reduction are major therapeutic priorities, whereas 
established cardiovascular outcome evidence remains an im-
portant differentiator when atherosclerotic risk reduction is the 
dominant treatment goal.

5.2   |   GLP-1-Glucagon Receptor Co-Agonists

GLP-1-glucagon receptor co-agonists combine appetite and gly-
caemic regulation with glucagon-linked effects on substrate 
mobilisation and hepatic metabolism [23]. Early clinical stud-
ies, including survodutide and cotadutide programmes, support 
weight-loss and metabolic efficacy, but gastrointestinal tolerabil-
ity, receptor-dose balance and long-term safety remain import-
ant constraints [18, 39]. Cardiovascular, kidney and long-term 
liver-related outcome evidence is not yet sufficiently mature for 
outcome-based positioning, and the independent clinical contri-
bution of glucagon-mediated energy expenditure remains un-
certain [24, 40].

FIGURE 4    |    Class characteristics and evidence maturity of next-generation incretin-based therapies. The figure summarises major incretin-based 
therapeutic classes according to receptor architecture, dominant clinical axis and current evidence maturity. Selective GLP-1 receptor agonism pro-
vides the outcome-supported reference class, with cardiovascular and kidney benefit established for selected agents and phenotypes. GIP-GLP-1 re-
ceptor co-agonists are supported by strong glycaemic and weight-loss evidence and active-comparator cardiovascular outcome data. GLP-1-glucagon 
receptor co-agonists link intake reduction with hepatic metabolic and energy-expenditure mechanisms, but long-term outcome evidence remains 
limited. Amylin-linked and GLP-1-amylin strategies reinforce satiety and meal-termination signalling, with evidence currently centred on weight-
loss, glycaemic and tolerability endpoints. Triple receptor agonists show high-magnitude metabolic and weight-loss effects in Phase 2 studies, but 
require longer-term outcome validation. Oral small-molecule GLP-1 receptor agonists represent a delivery and access-oriented modality rather than 
receptor-network expansion. Receptor complexity, weight-loss magnitude and mechanistic plausibility should therefore be interpreted alongside 
endpoint maturity, tolerability, body-composition effects and durability. AMYR, amylin receptor; GCGR, glucagon receptor; GIP, glucose-dependent 
insulinotropic polypeptide; GIPR, GIP receptor; GLP-1, glucagon-like peptide-1; GLP-1R, GLP-1 receptor.
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5.3   |   Amylin-Linked and GLP-1-Amylin Strategies

Amylin-linked therapies use complementary satiety and meal-
termination pathways to enhance weight reduction beyond 
selective GLP-1 receptor agonism [25, 26]. Cagrilintide–sema-
glutide combinations and early amycretin studies support clin-
ically relevant weight-loss efficacy [27, 41]. Current evidence 
remains centred on body weight, glycaemic measures and tol-
erability, while dedicated cardiovascular, kidney and long-term 
organ-outcome data remain unavailable for outcome-based 
positioning.

5.4   |   Triple Receptor Agonists

Triple receptor agonists targeting GLP-1, GIP and glucagon 
receptors represent high-efficacy multi-receptor pharmacol-
ogy. Retatrutide has produced substantial weight reduction 
and clinically relevant glycaemic and metabolic effects in 
Phase 2 studies [12, 30], while structural data support de-
signed receptor balance across the three receptor systems 
[28]. However, dedicated cardiovascular, kidney and long-
term organ-protective outcome data remain limited. Clinical 
interpretation should therefore consider durability, gastro-
intestinal tolerability, dose balance and body composition, 
particularly lean-mass preservation during high-magnitude 
weight loss [31].

5.5   |   Oral Small-Molecule GLP-1 Receptor Agonists

Oral small-molecule GLP-1 receptor agonists represent a de-
livery and access-oriented innovation rather than receptor-
network expansion. Orforglipron has shown clinically 
relevant glycaemic and weight-loss effects in obesity and T2D, 
while danuglipron provides additional proof of concept for 
non-peptide oral GLP-1 receptor agonism [42–44]. The poten-
tial value of this class lies primarily in accessibility, scalability 
and patient preference, while long-term cardiovascular, kid-
ney and durability data remain necessary for outcome-based 
positioning.

5.6   |   Emerging Receptor-Directed 
and Multi-Domain Constructs

Emerging receptor-directed and multi-domain constructs in-
clude GLP-1-based targeting approaches and non-classical 
combinations designed to modify tissue exposure or pathway-
selective pharmacology [45, 46]. Their current relevance is pri-
marily translational, and they should not be positioned alongside 
outcome-tested GLP-1 receptor agonists or more mature Phase 
3 metabolic therapies.

5.7   |   Evidence Maturity and Clinical 
Interpretation

Receptor architecture and evidence maturity should be con-
sidered separately when interpreting next-generation incretin 
therapies. Receptor architecture may help explain differences 

in glycaemic efficacy, weight reduction, satiety, energy han-
dling and tolerability, whereas evidence maturity determines 
how confidently these effects can support clinical positioning 
[1, 2]. Agents with dedicated cardiovascular or kidney outcome 
evidence therefore occupy a different evidentiary category from 
therapies supported mainly by glycaemic, weight-loss, body-
composition or early metabolic endpoints [4, 5].

This distinction becomes clinically relevant when therapeutic 
goals compete. High-efficacy polyagonists may be prioritised 
when glycaemic control or severe adiposity is the dominant 
unresolved problem, but greater metabolic efficacy should not 
be assumed to confer greater cardiovascular or kidney protec-
tion. Conversely, when established atherosclerotic cardiovas-
cular disease or CKD defines the principal treatment priority, 
outcome-proven organ protection should carry greater eviden-
tiary weight. Figure  4 and Tables  S1 and S2 summarise these 
class-level differences and remaining evidence gaps.

6   |   Clinical Boundaries, Safety and Durability

The clinical value of incretin-based therapies depends not only 
on efficacy, but also on tolerability, treatment persistence, body-
composition effects and long-term safety [1, 2]. This is increas-
ingly important as incretin pharmacology moves from selective 
GLP-1 receptor agonism towards higher-efficacy polyagonists, 
amylin-linked strategies and oral small-molecule GLP-1 recep-
tor agonists. Gastrointestinal tolerability, gallbladder and biliary 
events, lean-mass preservation, nutritional adequacy and long-
term persistence all shape therapeutic positioning rather than 
functioning as secondary considerations [47, 48].

6.1   |   Gastrointestinal Tolerability 
and Dose-Limiting Effects

Gastrointestinal adverse effects are the most common practical 
limitation of GLP-1-based therapy and remain relevant across 
selective GLP-1 receptor agonists and several next-generation in-
cretin strategies. Nausea, vomiting, diarrhoea, constipation and 
abdominal discomfort may influence dose escalation, adher-
ence and persistence. Gradual titration, patient education, meal-
size adjustment and individualised dose escalation may reduce 
these effects, but symptoms can still become dose-limiting in a 
clinically meaningful proportion of patients [1, 49].

Gastrointestinal tolerability is particularly important for 
higher-efficacy polyagonists. Greater receptor engagement may 
increase weight-loss efficacy, but may also narrow the tolera-
bility window through nausea, vomiting or other gastrointes-
tinal symptoms [18, 50]. Tolerability is therefore not simply an 
adverse-event category; it determines whether pharmacological 
efficacy can be maintained long enough to produce durable clin-
ical benefit.

6.2   |   Gallbladder and Biliary Considerations

Gallbladder and biliary events require specific attention during 
incretin-based weight-loss therapy. A systematic review and 
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meta-analysis of randomised clinical trials reported an in-
creased risk of gallbladder or biliary disease with GLP-1 recep-
tor agonists, particularly at higher doses, with longer treatment 
duration and in weight-loss indications [47]. This signal should 
be interpreted in the context of both drug exposure and rapid 
or substantial weight reduction, because weight loss itself may 
increase gallstone risk.

Clinical implementation should include counselling on biliary 
symptoms, especially in patients with previous gallbladder dis-
ease, rapid weight loss, persistent abdominal pain or recurrent 
gastrointestinal complaints. These considerations do not pre-
clude therapy in most patients, but support timely assessment 
of persistent or severe symptoms. For newer polyagonists and 
amylin-linked strategies, longer exposure and larger outcome 
datasets are needed before gallbladder and biliary risk can be 
interpreted with the same confidence as for established GLP-1 
receptor agonists [2, 19].

6.3   |   Body Composition, Lean Mass 
and Nutritional Quality of Weight Loss

High-magnitude weight loss is clinically valuable in obesity and 
obesity-related cardiometabolic disease, but its interpretation 
should include the quality of weight loss. Fat-mass reduction 
is the desired target, whereas excessive lean-mass loss may be 
clinically relevant in older adults, patients with frailty, sarcope-
nic obesity, CKD, chronic inflammatory disease or low baseline 
muscle reserve. Body-weight reduction should therefore be as-
sessed alongside body composition, physical function and nutri-
tional status [31, 48].

Body-composition analyses with retatrutide show substantial 
fat-mass reduction during high-efficacy incretin polyagonism, 
while lean-mass changes require careful interpretation during 
large weight-loss responses [31]. This consideration applies 
across high-efficacy GLP-1-based, GIP-GLP-1, amylin-linked 
and other weight-loss pharmacotherapies. Resistance exercise, 
adequate protein intake and maintenance of functional capacity 
should be integrated into long-term implementation, particu-
larly in older adults, patients with multimorbidity, established 
cardiovascular disease, CKD, mobility limitation or previous 
unintentional weight loss [6, 48]. The therapeutic goal is clin-
ically meaningful adiposity reduction with preservation of 
muscle mass, strength and nutritional resilience, not maximal 
weight loss at any cost.

6.4   |   Treatment Durability, Persistence 
and Discontinuation

Durability is central to the clinical interpretation of incretin-
based therapy. Obesity is recognised as a chronic, relapsing 
disease and long-term benefit generally requires long-term 
treatment strategies rather than short-term pharmacologi-
cal exposure [6]. Longer-term obesity trials support sustained 
weight loss during continued treatment with semaglutide and 
tirzepatide-based strategies, but persistence depends on tolera-
bility, access and behavioural or nutritional support [8, 37].

Discontinuation is therefore a clinical boundary. After sema-
glutide withdrawal in the STEP 1 trial extension, weight regain 
and partial reversal of cardiometabolic improvements were ob-
served [51]. This does not indicate pharmacological failure, but 
reflects regulation of chronic metabolic pathways without nec-
essarily curing the underlying disease biology [1, 6]. Treatment 
plans should therefore address continuation, dose adjustment, 
temporary interruption, re-initiation, affordability and patient 
preference. For high-efficacy therapies, the key question is how 
much benefit can be maintained safely, acceptably and equitably 
over time [2, 8].

6.5   |   Patient Selection and Implementation 
Boundaries

Once the dominant clinical priority and evidence maturity have 
been defined, treatment selection should be modified by fac-
tors that determine whether benefit can be delivered safely and 
sustained over time. In patients with multimorbidity, relevant 
considerations include gastrointestinal tolerability, frailty, body 
composition and nutritional status, gallbladder history, hydra-
tion and renal function, concomitant nephroprotective therapy, 
treatment persistence and access [5, 17, 48, 50]. These factors be-
come particularly important during high-magnitude weight loss 
and in older adults, patients with CKD, low muscle reserve or 
previous unintentional weight loss.

Implementation should therefore distinguish pharmacological 
efficacy from practical treatment suitability. A highly effective 
therapy may be less appropriate when tolerability, nutritional 
vulnerability, frailty or limited persistence threatens sustained 
benefit. Conversely, when more than one treatment option is 
supported for the dominant clinical priority, these implementa-
tion factors may guide the final choice. Patient selection should 
therefore integrate outcome-supported benefit with the feasibil-
ity of maintaining treatment safely and durably.

6.6   |   Integrative Clinical Interpretation

Clinical implementation should integrate evidence-supported 
benefit, dominant patient phenotype, safety and durability. 
When organ protection is the principal treatment goal, dedi-
cated cardiovascular or kidney outcome evidence should carry 
the greatest evidentiary weight [4, 5], whereas high-efficacy 
weight-loss strategies should also be judged by tolerability, body 
composition and treatment persistence [31, 48]. Mechanistic 
plausibility may support therapeutic interpretation but should 
not replace endpoint validation [1, 2].

7   |   Limitations

This review was designed as a narrative clinical review with 
structured literature identification rather than a formal sys-
tematic review or meta-analysis. Study selection was guided 
by clinical relevance, conceptual importance and translational 
applicability. No quantitative pooling, formal risk-of-bias assess-
ment, GRADE-based evidence rating, patient-level reanalysis 
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or statistical adjustment for confounding was performed. The 
review should therefore be interpreted as an outcome-stratified 
synthesis and clinical-positioning framework rather than a for-
mal evidence-grading document or treatment guideline.

The evidence base is heterogeneous across therapeutic classes, 
clinical domains and endpoint types. Selected GLP-1 receptor 
agonists are supported by dedicated cardiovascular or kidney 
outcome trials, whereas several newer incretin-based strate-
gies remain supported mainly by glycaemic, weight-loss, body-
composition, histological or early translational endpoints. Direct 
comparisons across classes are therefore limited, and metabolic 
efficacy or mechanistic plausibility should not be considered 
equivalent to validated organ protection.

Several receptor-network interpretations remain hypothesis-
generating and are derived partly from structural, cellular, 
preclinical or translational studies. In addition, trial efficacy 
may not fully capture real-world factors including gastrointes-
tinal tolerability, gallbladder and biliary risk, nutritional vul-
nerability, body-composition changes, treatment persistence, 
discontinuation, cost, access and patient preference. Older 
adults, frail individuals and patients with advanced multimor-
bidity or low muscle reserve may also be under-represented in 
clinical trials.

Finally, the therapeutic landscape is evolving rapidly. Long-term 
cardiovascular, kidney, hepatic, body-composition, safety and 
durability data remain incomplete for several next-generation 
therapies. The clinical positioning proposed here should there-
fore remain provisional and responsive to emerging outcome 
evidence.

8   |   Conclusions

Incretin-based therapy has evolved from glucose-centred phar-
macology towards outcome-stratified cardiometabolic treat-
ment. Selected GLP-1 receptor agonists now have established 
cardiovascular and kidney outcome relevance in defined phe-
notypes, while high-magnitude weight reduction has become 
an important therapeutic target in obesity and obesity-related 
cardiometabolic disease.

Evidence maturity remains heterogeneous across therapeu-
tic classes. GIP-GLP-1 co-agonists and other next-generation 
strategies may provide substantial glycaemic and weight-
loss efficacy, but metabolic efficacy should not be assumed 
to confer equivalent cardiovascular, kidney or liver protec-
tion without dedicated outcome evidence. Receptor-network 
pharmacology provides a useful biological explanation for 
heterogeneous effects, but clinical positioning should remain 
anchored to validated outcomes, patient phenotype, tolerabil-
ity, body composition and durability.

Future studies should determine whether the metabolic and 
mechanistic advantages of newer incretin-based therapies 
translate into sustained cardiovascular, kidney, hepatic and 
functional benefit, while defining how these effects can be de-
livered safely across patients with complex cardiometabolic 
multimorbidity.
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