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Abstract
The ground-breaking development of the incretin agonists by manipulation of the 
incretin system, including the gut hormones glucagon-like peptide-1 (GLP-1) and 
glucose-dependent insulinotropic polypeptide (GIP), as well as the pancreatic hor-
mone glucagon, has led to the emergence of promising pharmacotherapy for 
metabolic health. The GLP-1 receptor agonists (GLP-1RAs), namely liraglutide, 
dulaglutide, albiglutide, exenatide, and semaglutide, have been found to have 
beneficial effects on glycated hemoglobin, weight, lipid profile, and liver fat and 
thereby improving cardiometabolic health. Other drugs of the same group in 
development include Orforglipron, which has a high weight loss efficacy (-15% 
weight reduction). Long-acting GLP-1RAs in trials are Ecnoglutide, Efpeglenatide, 
TG103, and Visepegenatide. Many of these have cardiovascular benefits in terms 
of reduction in MACE (Non-fatal MI, Non-fatal stroke, and mortality). Tirzepatide 
is a dual GIP/GLP-1RA, the first drug of the group to be approved for diabetes 
and obesity with remarkably lower gastrointestinal side effects compared to GLP-
1 monoagonists. The dual GLP-1/glucagon co-agonists cause tremendous weight 
loss due to the synergistic action. Most drugs in this class are long-acting and 
developed for once-weekly administration. The revolutionary triple agonists at 
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the GLP-1, GIP, and Glucagon receptors have demonstrated the highest achievable weight loss with pharmaco-
therapy. Retatrutide and Efocipegtrutide belong to this novel group of drugs. The newer drugs in the broad 
category of incretin co-agonists include the GLP-1/amylin receptor agonist like CagriSema and Amycretin, oral 
GLP-1 agonists other than semaglutide, and the peptide YY/GLP-1 receptor dual agonists. The profound bioche-
mical and weight loss outcomes associated with incretin co-/poly-agonists are expected to translate into 
outstanding cardiometabolic benefits, the theme of this evidence review.

Key Words: Incretin co-agonists; Incretin poly-agonists; Metabolic health; Type 2 diabetes mellitus; Obesity; Cardiovascular 
safety

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Several incretin co-agonists have been developed in the recent years with outstanding metabolic and weight loss 
benefits revolutionising management of obesity and type 2 diabetes mellitus (T2DM). Management of obesity and T2DM 
with these glucagon-like peptide-1/glucose-dependent insulinotropic polypeptide/glucagon co-agonists/poly-agonists are 
associated with remarkable weight loss, improvement of glycated hemoglobin, albuminuria, lipid profile, liver fat and sleep 
apnea among patients. All these benefits are also associated with marked improvement in cardiovascular outcomes in 
patients treated with these medications. This clinical update review explores current evidence and emerging research 
questions regarding the cardiometabolic benefits associated with rational use of incretin co-agonists.

Citation: Bhat S, Fernandez CJ, Lakshmi V, Pappachan JM. Efficacy and safety of incretin co-agonists: Transformative advances in 
cardiometabolic healthcare. World J Cardiol 2025; 17(8): 107991
URL: https://www.wjgnet.com/1949-8462/full/v17/i8/107991.htm
DOI: https://dx.doi.org/10.4330/wjc.v17.i8.107991

INTRODUCTION
Incretin hormones are gastrointestinal peptides, secreted in response to nutrient intake, involved in regulating a variety of 
homeostatic human metabolic functions. Glucose-dependent insulinotropic polypeptide (GIP) produced from K cells of 
the proximal gut and glucagon-like peptide-1 (GLP-1) from the L cells of the lower intestine are the main incretin hor-
mones[1]. Both these peptides stimulate endogenous insulin response following food intake due to postprandial elevation 
of plasma glucose. However, while GIP stimulates glucagon release, especially at lower plasma glucose[2], GLP-1 inhibits 
it, especially at higher plasma glucose[3]. These hormones also modulate gut motility. Apart from their effects on the gut 
and pancreas, they also possess a wide variety of actions in various tissues like the cardiovascular (CV) system, central 
nervous system, adipose tissue, bone, and liver, modulating the metabolic and endocrine homeostasis[1,4].

As the endogenous incretin hormones have very short biological half-lives, pharmacological manipulation of the 
incretin system using various therapeutic agents has been developed to obtain the treatment-related clinical benefits over 
the past 2 decades. Some of these new molecules possess outstanding therapeutic advantages in the day-to-day manage-
ment of patients with obesity and its end-organ complications. Though the remarkable physiological and metabolic 
effects of these hormones and the manipulation of their tissue receptors have not yet been fully elucidated, the available 
scientific evidence of the pharmacological manipulation of the incretin system has revolutionised human cardiometa-
bolic healthcare in recent years, the theme of this evidence review.

CURRENT AND EMERGING INCRETIN-BASED THERAPIES
GLP-1 receptor mono agonists
GLP-1 receptor agonist (GLP-1RA) are well known for their effects on glycaemic control in diabetes mellitus as well as 
obesity. Besides the effect on blood glucose levels, GLP-1RAs may have beneficial effects on body composition, 
bodyweight, body mass index (BMI), and waist circumference. They have been found to increase the high-density 
lipoprotein (HDL)-cholesterol level as well as reduce the total-cholesterol, low density lipoprotein (LDL)-cholesterol, and 
triglyceride levels[5]. Because of the favourable effects on adiposity and type 2 diabetes mellitus (T2DM) a paradigm shift 
in the management of diabesity (diabetes as a direct consequence of obesity) was adopted by most diabetologists with the 
judicious use of GLP-1RAs in the past 2 decades.

Exenatide long-acting release
Once weekly subcutaneous (s/c) exenatide at a dose of 2 mg reduced mean glycated hemoglobin (HbA1c) by 1.9%, 
improved diastolic blood pressure, lipids and body weight (-3.0 kg)[6]. The newer GLP-1RAs possess better efficacy in 
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managing diabesity as proven by inter-class comparator randomised controlled trials. For e.g., the SUSTAIN 3 trial, a 
head-to-head comparison between once weekly s/c semaglutide 1.0 mg and once weekly s/c exenatide 2.0 mg, demon-
strated superior efficacy of the former with regard to reduction of HbA1c (-1.5% vs 0.9%) and body weight (-5.6 kg vs 
-1.9 kg)[7].

Liraglutide
Liraglutide Effect and Action in Diabetes phase 3 studies investigated the efficacy and safety of liraglutide in comparison 
with other anti-diabetic agents[8]. These trials found that a greater proportion of participants achieved reduction of 
HbA1c levels below 6.5% with liraglutide compared to other anti-diabetic agents including glimepiride, rosiglitazone, 
metformin and insulin glargine. The efficacy of the dose of 1.8 mg was higher than that of 1.2 mg for HbA1c reduction[8].

Liraglutide use at a dose of 1.8 mg has been observed to achieve a mean HbA1c reduction of -1.22% and weight loss of 
-4.23 kg in patients after bariatric surgery, proving useful in those with persistent T2DM post metabolic surgery[9]. At 
3.0 mg, the weight loss was greater (9.2 kg) in post-bariatric surgery patients[10].

A meta-analysis of 14 studies demonstrated that liraglutide 3.0 mg achieved a mean weight loss of 4.91 kg, and the 
weight loss was greater in patients without diabetes mellitus than those with diabetes mellitus[11]. In a meta-analysis 
comparing it with the older GLP-1RAs, liraglutide was found to be as effective as dulaglutide, albiglutide, and twice-
daily exenatide in terms of HbA1c reduction while achieving greater weight loss than the latter, with the difference being 
nearly 1.0 kg[12].

In children and adolescents, liraglutide 1.8 mg, when added to metformin, has been found to reduce HbA1c by 0.64% 
at 28 weeks, but higher efficacy with a longer duration of treatment of 56 weeks was limited by gastrointestinal side 
effects[13]. Weight loss achieved in this age group has been observed to be up to 2.13 kg in a meta-analysis of seven 
randomized controlled trials. However, liraglutide did not improve blood pressure, lipid profile, or fasting insulin levels
[14].

Liraglutide may have a role as an adjunct to insulin treatment in patients with type 1 diabetes especially in those with 
overweight/obesity[15]. However, hypoglycemia and ketoacidosis from insulin dose reduction are potential risks in such 
patients.

Dulaglutide
Once-weekly dulaglutide vs once-daily liraglutide in metformin-treated patients with T2DM, a randomised, open-label, 
phase 3, non-inferiority trial (AWARD-6), demonstrated that 1.5 mg of weekly dulaglutide was non-inferior to daily 
liraglutide of 1.8 mg in terms of HbA1c reduction (-1.42% vs -1.36%)[16]. Dulaglutide use was also associated with a 
significant reduction of HbA1c of -0.33% compared to insulin glargine[17]. Once weekly dosing advantage makes this 
GLP-1RA molecule an attractive choice for those with needle phobia. In patients with T2DM, it also caused weight loss 
(-0.86 kg) and reduction of waist circumference and BMI as seen in a meta-analysis of 18 studies[18].

Albiglutide
Albiglutide is a once weekly GLP-1RA with a starting dose of 30 mg that can be up titrated to 50 mg weekly. The 
HARMONY phase 3 trials 1 to 5 showed that at the end of 3 years, albiglutide achieved an HbA1c reduction of -0.37% in 
rescue free population and -0.68% among all participants including those that required rescue therapy with other anti-
diabetics (if they did not meet glycaemic goals)[19]. In the HARMONY 7 trial that compared once weekly albiglutide with 
once daily liraglutide, the HbA1c reduction, was higher with the latter as was weight reduction at 32 weeks (-0.64 kg vs 
-2.19 kg)[20]. This lower efficacy compared to liraglutide makes albiglutide less attractive in managing patients with 
diabesity.

Semaglutide
Semaglutide as a subcutaneous injection in doses of 0.5 mg, 1.0 mg, and 2.0 mg once weekly is approved for management 
of T2DM and in a dose of 2.4 mg weekly for chronic weight management[21]. In the STEP 4 randomized controlled trial, 
subcutaneous semaglutide in a dose of 2.4 mg weekly was found to achieve a weight loss of up to 17.4%, which was 
sustained over 68 weeks in participants with obesity and without diabetes mellitus. This was associated with an 
improvement in waist circumference, BMI, lipid profile, fasting blood glucose, and HbA1c levels[22]. Semaglutide may 
achieve a significantly greater weight loss compared to liraglutide as per comparative studies (-13.8% to -15.8% vs -6.4% 
to -7.8%)[23-25]. In the phase 3b SUSTAIN 10 trial, subcutaneous semaglutide at 1.0 mg once weekly was found to be 
superior to once daily 1.2 mg liraglutide in HbA1c reduction (1.7% vs 1%)[26].

Oral semaglutide has been approved for T2DM. In the PIONEER 4 phase 3b trial, oral semaglutide was found to be 
non-inferior to once daily subcutaneous liraglutide for HbA1c reduction at 26 weeks and superior at 52 weeks. Sema-
glutide also scored over liraglutide in terms of weight reduction (–4.4 kg vs –3.1 kg)[27]. Subcutaneous semaglutide of 
1 mg showed greater reduction in HbA1c than oral semaglutide of 14 mg in a meta-analysis of 18 randomized controlled 
trials[28]. Oral semaglutide of 50 mg has been found to be beneficial for reduction of body weight compared to placebo in 
patients with obesity and a mean BMI of ≥ 37.5 kg/m2 (-15% vs -2.4%)[29].

Orforglipron (LY3502970)
Orforglipron is a non-peptide, oral, small molecule GLP-1RA in phase 3 trials (ATTAIN-1) in the treatment of obesity and 
T2DM[30]. It can cause significant weight loss of up to 15%. The efficacy for causing weight loss of orforglipron among 
various GLP-1RAs is second only to Cagri-Sema[31].
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Danuglipron (PF-06882961)
Danuglipron is another non-peptide oral GLP-1RA in phase 3/2 of development. When administered orally at a dose of 
120mg twice a day to participants with T2DM and overweight/obesity, the drug achieved a placebo-adjusted weight loss 
of 4.2 kg and an HbA1c reduction of 1.2%[32]. However, the drug caused nearly 50%discontinuation due to gastroin-
testinal adverse effects. Hence, trials with modified release preparations are ongoing.

Efpeglenatide (LAPSExd4Analogue)
Efpeglenatide is a long-acting GLP-1RA developed by a single amino acid modification in exendin providing a flexible 
dosing of once weekly and possibly once monthly[33]. This drug is undergoing phase 3 trials in the treatment of obesity 
and/or T2DM. The doses investigated are 2, 4, and 6 mg. Maximum weight loss was observed with efpeglenatide 4 mg 
(-2.3 kg at 30 weeks and -3.6 kg at 56 weeks)[34]. Maximum HbA1c reduction was observed with efpeglenatide 6 mg 
(-1.6% at 30 weeks and -1.3% at 56 weeks) and this was found to be comparable to that caused by once weekly subcu-
taneous semaglutide after 30 weeks (-1.5% with semaglutide 0.5 mg and -1.6% with 1.0 mg)[34].

Ecnoglutide (XW003)
Ecnoglutide is a new long-acting “biased” GLP-1RA in phase 2/1 of development. The activation of the GLP-1 receptor 
(GLP-1R) triggers various intracellular signaling events, including cAMP generation, β-arrest in recruitment, and GLP-1R 
internalisation. This biased GLP-1RA favours cAMP production over β-arrest in recruitment, leading to reduced GLP-1R 
internalisation and enhanced insulin secretion. The biased GLP-1RAs like ecnoglutide have higher efficacy compared to 
unbiased GLP-1RAs in lowering glucose and weight[35,36]. In a phase 2 trial, the proportion of participants who 
achieved HbA1c below 7% with ecnoglutide was 68% to 84% compared to 21% in the placebo group. Other than improve-
ment of LDL and fasting blood glucose levels, it was found to cause a mean weight loss ranging from -1.57 to -2.26 kg at 
the end of 64 days[37,38].

TG103 (CSPC)
TG103 is a recombinant GLP-1/Fc fusion protein developed for once weekly injection. This drug is in phase 2/1 of 
development. The drug could cause a weight loss of greater than 6% in patients with overweight/obesity[39].

Visepegenatide (PB-119)
The PEGylated exenatide, PB-119, for once-weekly subcutaneous administration is in phase 2/3 of development[40]. A 
phase 3 trial from China showed a 1.49% HbA1c reduction and 13.94 kg of weight reduction at 52 weeks.

GLP-1RA and CV health
GLP-1RAs have been found to significantly reduce major adverse CV events (MACE), including CV and all-cause 
mortality, stroke, and myocardial infarction, with a trend to reduce heart failure[41]. Liraglutide was the first GLP-1RA to 
demonstrate CV benefit in terms of reduction in CV events and heart failure[42]. The risks of three-point MACEs (CV 
death, myocardial infarction, and stroke) are significantly reduced by albiglutide, dulaglutide, liraglutide, and subcuta-
neous semaglutide. Oral semaglutide and exenatide reduced MACEs but not significantly. Liraglutide and oral semaglu-
tide reduced the risk of CV death, while MI risk was reduced by dulaglutide and liraglutide. Only dulaglutide reduced 
the risk of stroke[12]. In the AMPLITUDE-O trial, efpeglinatide reduced the risk of the three-point MACE over 1.8 years 
in patients with diabetes mellitus and high risk for CV or renal disease[43]. The recent SOUL trial demonstrated that oral 
semaglutide of 14 mg reduced MACEs in patients with T2DM and known atherosclerotic CV disease and/or chronic 
kidney disease (CKD), compared to placebo[44].

GLP-1RAs may be associated with an increase in heart rate. The risk for ventricular arrhythmias has been noted to be 
greater with higher doses and those with higher BMI, and it needs further studies for confirmation[45]. However, 
semaglutide may be associated with a reduction in the incidence of atrial fibrillation in individuals with high CV risk by 
up to 40%. This benefit, observed irrespective of the route of administration, has been suggested as a drug-specific effect 
of semaglutide rather than a class effect[46].

Other therapeutic benefits of GLP-1RAs
GLP-1RAs may confer benefits to patients with CKD. Liraglutide was the first of the GLP-1RAs to provide renal benefit to 
patients by reducing persistent macroalbuminuria[47]. In patients with diabetes mellitus and CKD with albuminuria, 
1 mg weekly subcutaneous semaglutide reduced major kidney disease events which was a composite of the onset of 
kidney failure (dialysis, transplantation, or an estimated glomerular filtration rate (eGFR) of < 15 mL per minute per 1.73 
m2), at least a 50% reduction in the eGFR from baseline, or death from kidney-related or CV causes[48]. Efpeglinatide is 
also associated with improved renal outcomes in patients with diabetes mellitus and high CV risk[43].

In patients with obstructive sleep apnoea, liraglutide 3.0 mg improved apnoea-hypopnea index and systolic blood 
pressure[49]. GLP-1RAs have been investigated in fatty liver disease in patients with and without diabetes mellitus as 
they reduce hepatocyte glucose and lipid accumulation and improve fibrosis. In a meta-analysis of 16 studies, Liraglutide 
was found to significantly reduce alanine transaminase (ALT) levels in patients with diabetes mellitus and metabolic 
dysfunction-associated fatty liver disease (MAFLD)[50]. Exenatide and Liraglutide have been shown to significantly 
reduce liver fat content in patients with diabetes mellitus, with the former being more efficacious[51]. Semaglutide 
achieved significant resolution of metabolic dysfunction-associated steatohepatitis (MASH) in a phase 2 trial but no 
improvement in liver fibrosis[52]. It is being evaluated for biopsy-proven MASH and fibrosis in phase 3 trials[53]. In a 
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systematic review including 2178 patients, GLP-1RAs, namely exenatide, dulaglutide, liraglutide, or semaglutide, 
improved CRP levels and caused histological resolution of MASH with no worsening of fibrosis[54].

In addition to improving the metabolic parameters, GLP-1RAs reduce testosterone levels in women with polycystic 
ovary syndrome and obesity[55]. Interestingly, a meta-analysis of four randomized controlled trials showed that in 
patients with T2DM and psoriasis, liraglutide at a dose of 1.2 mg daily reduced the severity of psoriasis independently of 
weight loss or glycemic control, possibly due to its anti-inflammatory effect on invariant natural killer T cells, CD T cells, 
andinterleukin-17[56].

In patients with familial partial lipodystrophy, GLP-1RAs were found to reduce HbA1c, weight, fasting blood glucose 
levels, and triglyceride levels[57]. Exenatide long-acting release and liraglutide had beneficial effects on weight, BMI, 
waist circumference, and systolic as well as diastolic blood pressure in patients of schizophrenia on anti-psychotic 
therapy[58].

Molecular pharmacology of incretin agonists
GIP is secreted by the enteroendocrine K cells in duodenum and jejunum, while GLP-1 is secreted by the enteroendocrine 
L cells in ileum and colon. In the physiological state, even in patients with diabetes, GLP-1 and GIP levels increase post 
prandially with the increase in molar concentration of GIP higher by 3 to 4 times compared to GLP-1. Both GIP receptor 
(GIPR) and GLP-1R belong to the class B family of 7-transmembrane G protein-coupled receptors (GPCRs) of the glu-
cagon receptor superfamily[59].

The concept of biased agonism
In pancreatic beta cells, GLP-1 can activate both G proteins Gαs and Gαq, whereas GIP selectively activates Gαs[59]. 
GPCRs act downstream via predominantly two pathways, G proteins’ mediated cAMP and ERK1/2 activation and G 
protein-independent β-arrest in signalling. G protein mediated signalling is known to affect β cell signalling via alte-
rations in intra cellular levels of cAMP, IP3, and Ca2+. The β-arrestin pathway may have distinct roles in metabolic tissues 
including pancreas and affecting insulin secretion and sensitivity. Most commonly the term ‘biased agonism’ with regard 
to GLP-1R refers to predominant action via the β-arrestin-1 signalling pathway rather than G protein mediated signalling
[59].

Agonist-dependent GPCR internalization is commonly mediated by β-arrest in recruitment of endosomal trafficking 
machinery[35]. Peptide ligands may vary in their degree of effect on GLP-1R internalization and recycling and inter-
nalized GLP-1Rs can continue to signal inside the cell. This may contribute to ligand-biased agonism as seen with Tirze-
patide due to its weaker β-arrest in action at GIP-1 R[60].

The concept of balance agonism
Certain co-agonists may have balanced action at two receptors such as GIPR and GLP-1R while others may have 
imbalanced action at either receptor leading variations in metabolic actions[36]. GIP and GLP-1 may have distinct effect 
on pancreatic islets depending on blood glucose levels. During hypoglycemia GIP is glucagonotropic via α cells while 
GLP-1A is insulinostatic via β cells. During hyperglycemia, although both peptides cause insulinotropic effect via β cells, 
this effect of GIP has been found to be significantly diminished in patients with diabetes. GIPRs are abundant in adipose 
tissue and agonism leads to lipoprotein lipase activation and uptake of triglycerides into adipose tissue. GIP also in-
creases insulin sensitivity of adipose tissue[61]. The molecular aspects of the effects GLP-1RA are shown in Figure 1.

GLP-1 AND GIP RECEPTOR CO-AGONISM: A DUAL INCRETIN OR TWIN CRETIN
The GLP-1 and GIP potentiate insulin secretion in response to meals and exert a trophic action on pancreatic β-cells. The 
effect on insulin secretion is additive and much more than that of either molecule alone. While GLP-1 inhibits glucagon 
secretion from α-cells of the pancreas, GIP may stimulate glucagon secretion, especially during hypoglycemia, func-
tioning as a bi-functional blood glucose stabilizer. GLP-1 reduces gastric emptying and gut motility and decreases 
appetite through central mechanisms[62]. GIP agonism may further promote weight loss and decrease food intake via 
inhibitory GABAergic neurons[63].

RG7697 (NNC0090-2746)
This was the first dual GIP/ GLP-1RA with a balanced action on both the GIPR and GLP-1R. Although phase 1 trials 
showed improvement in body weight and glucose levels, it did not fare better than the liraglutide in these terms in its 
phase 2b trial[64].

Tirzepatide
The second dual GIP/GLP-1 agonist that was developed, tirzepatide, has an unbalanced pharmacology, unlike RG7697, 
with a stronger agonism at the GIPR than at the GLP-1R. Also, tirzepatide has been shown to selectively cause G protein 
mediated cAMP signalling compared to β-arrest in recruitment at the GLP-1R, which may beneficially impactGLP-1R 
trafficking and augment its cellular response[36].

Tirzepatide became the first FDA-approved dual incretin agonist for T2DM and obesity in 2022 and 2023, respectively. 
It caused a superior reduction in HbA1c levels as well as body weight over semaglutide in a phase 3 trial[65]. In the 
SURMOUNT 2 trial on patients with T2DM and obesity, at the end of 72 weeks, tirzepatide 10 and 15mg once weekly 
subcutaneously achieved a reduction in body weight significantly greater than that by placebo (-12.8% and -14.7% vs 
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Figure 1 Elaborates the molecular aspects of the effects of glucagon-like peptide-1 receptor agonists at cellular level. cAMP: Cyclic 
adenosine monophosphate; ATP: Adenosine triphosphate; HbA1c: Glycated hemoglobin; GLP-1: Glucagon-like peptide-1.

-3.2%)[66]. The SURPASS 1 trial on adults with type 2diabetes demonstrated a dose-dependent body weight reduction of 
7.0 to 9.5 kg with tirzepatide and HbA1c reduction of –1.91%, -1.93% and –2.11% with 5, 10 and 15 mg respectively[67].

In a phase 2 trial involving 190 adults with MASH and moderate to severe liver fibrosis (stages 2 or 3), tirzepatide, at 
the end of 52 weeks, caused resolution of MASH without worsening of fibrosis compared to placebo[68]. In 731 patients 
with heart failure and preserved ejection fraction and a BMI of at least 30 kg/m2, tirzepatide reduced the risk of 
composite of death from CV causes or worsening heart failure, compared to placebo[69]. Unlike in the phase 2 trial with 
dulaglutide as a comparator, where the 15 mg dose of tirzepatide was used upfront, in the SURPASS 1 trial, a lower 
starting dose and slower monthly escalation was used to improve gastrointestinal tolerability. Nausea was reported in 
12%, 13% and 16% participants on 5 mg, 10 mg and 15 mg of tirzepatide respectively[67].

GLUCAGON AND GLP-1R CO-AGONISM: ANOTHER DUAL INCRETIN OR TWIN CRETIN
The concept of co-agonism at the GLP-1R and glucagon receptor (GCGR) originated with the observed body weight-
lowering effect of the endogenous gut peptide oxyntomodulin, which is released from posttranslational modifications of 
proglucagon having an agonistic action on both GLP-1R and GCGR[70,71]. GLP-1and glucagon are peptides that have 
similar N-terminal sequences and act on structurally related receptors. In animal models and humans, glucagon in fusion 
has been found to increase energy expenditure and cause thermogenesis through mechanisms mediated by brown 
adipose tissue (BAT) as well as those in dependent of BAT.

GCGR agonism has been shown to slightly raise fasting blood glucose levels and the HbA1c. The trophic action of 
GLP-1R agonism on the β-cells of the pancreas causing increased insulin secretory response is postulated to offset the 
hyperglycaemic effect of glucagon agonism[72]. Only those GLP-1R and GCGR dual-agonists with a balanced activity at 
these receptors, including mazdutide, cotadutide, survodutide, and SAR425899, exhibit glucose lowering, though all 
GLP-1R and GCGR dual agonists achieve significant weight lowering effects[72].

When combined with GLP-1RAs, the GCGR agonists have been found to act synergistically in causing remarkable 
weight loss, greater than that due to GLP-1R agonism alone. Glucagon agonism increases hepatic glucose production, 
clearing the liver of its glycogen stores and increasing the β-oxidation of fatty acids by the liver. GCGR agonism-mediated 
increased energy expenditure combined with the anorectic effect of GLP-1R agonism could achieve greater weight loss, 
reduction in hepatic fat content, and resolution of MASH. Dual GLP-1R/GCGR agonists have been developed as revolu-
tionary anti-obesity medications[73,74].

Another unique feature of co-agonists is reduced metabolic adaptation, i.e., a smaller change in the sleeping metabolic 
rate with weight loss, leading to more successful weight reduction compared to previous anti-obesity medications[75]. 
However, unlike the GLP-1/GIP co-agonists, the GLP-1R/GCGR agonists are associated with gastrointestinal side effects 
of GLP-1RAs[76].
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Mazdutide (LY3305677)
Mazdutide is a synthetic peptide analogue of oxyntomodulin with an addition of a fatty acyl moiety to increase half-life
[77]. It is a once-weekly subcutaneous dual GLP-1R and GCGR agonist with a balanced activity at both receptors. It has 
been studied in phase 1 and phase 2 trials at doses of 3 mg, 4.5 mg, and 6 mg. It has been shown to reduce weight by 
6.22% in both individuals with and without T2DM, the effective weight loss being greater in the latter group. It also 
reduces HbA1c levels, fasting blood glucose, total-cholesterol, LDL-cholesterol, HDL-cholesterol, and triglyceride levels 
and thereby positively affects cardiometabolic health. It was associated with gastrointestinal side effects, including 
nausea, vomiting, and reduced appetite[77,78].

Cotadutide (MEDI0382)
Cotadutide is a dual GLP-1R/GCGR agonist with a balanced activity at both receptors. Once weekly subcutaneous 
injection reduces blood glucose levels as well as weight. It acts by delaying gastric emptying as well as by exerting an 
insulinotropic effect[79]. It has been shown to reduce liver glycogen and fat compared to liraglutide and placebo. Its 
development for metabolic-associated fatty liver disease (MAFLD) and CKD was discontinued at the phase 2 Level[80].

SAR425899
SAR425899 is a novel dual agonist at the GLP-1R and GCGR derived from exendin-4 with a balanced activity at both 
receptors. In a phase 2b trial in patients with T2DM, SAR425899 significantly reduced HbA1c and body weight. In this 
study, postprandial glycemic control achieved by SAR425899 was significantly greater than that achieved by liraglutide, 
probably due to the enhanced β-cell responsiveness caused by the former[81].

Efinopegdutide (MK-6024; JNJ-64565111)
It is a dual GLP-1R/GCGR receptor agonist investigated in a dose of 10 mg once weekly subcutaneously. The efficacy of 
efinopegdutide for causing weight loss in patients with obesity is comparable to that of semaglutide[24]. However, it 
showed superior weight loss compared to liraglutide (-6.9% vs -5.8%). It had a favourable effect on blood pressure and 
lipid profile, with a slight increase in HDL-cholesterol (potential cardiometabolic benefits). However, the HbA1c 
remained unchanged, and fasting blood glucose increased while both were reduced in the liraglutide group[76]. In a 
phase 2a trial, efinopegdutide reduced liver fat content to a greater extent than semaglutide at 24 weeks in patients with 
MAFLD[82].

Pegapamodutide (OPK88003)
There are no published data available at present with this molecule, but the company OPKO Health reports that this dual 
GLP-1R/GCGR agonist caused weight loss in patients with T2DM and obesity. It is also being investigated for manage-
ment of MASH[83].

Survodutide (BI456906)
It is a long-acting GLP-1R/GCGR dual agonist with a balanced activity at both receptors, developed for once-weekly 
subcutaneous administration for obesity with and without T2DM investigated in two phase 3 trials, SYNCHRONIZE-1 
and SYNCHRONIZE-2, respectively[84]. It is currently in phase 3 of development. Its CV safety will be evaluated in the 
SYNCHRINIZE-CVOT[85]. In a meta-analysis of 29 randomized controlled trials of pharmacological interventions for 
biopsy-proven MASH, survodutide and tirzepatide ranked among the most effective therapies for MASH resolution 
without worsening of fibrosis[86].

Pemvidutide (ALT-801)
It is a long-acting GLP-1/GCGR dual agonist administered once weekly being investigated (phase 2) for MAFLD. It has 
been found to reduce liver fat content, markers of hepatic inflammation, and body weight by 4.6%[87].

AMYLIN-CALCITONIN AND GLP-1R CO-AGONISM
CagriSema (cagrilintide 2.4 mg/semaglutide 2.4 mg) is a combination of the dual amylin and calcitonin receptor agonist, 
namely cagrilintide, and the GLP-1RA, namely semaglutide, developed for once-weekly subcutaneous administration for 
weight management[88]. In a phase 2 trial in participants with T2DM, at the end of 32 weeks, the mean change in weight 
of CagriSema (-15.6%) was greater than that of semaglutide (-5.1%) or cagrilintide (-8.1%) but the change in HbA1c and 
fasting blood glucose by the combination did not surpass that of semaglutide[88]. In a meta-analysis of 29 studies on the 
efficacy and safety of GLP-1RAs, CagriSema was shown to have the best effect on weight loss, which was dose-
dependent, while the gastrointestinal adverse effects did not increase with dose escalation[31]. It is currently in phase 3 
trials (REDEFINE1 and 3)[89]. In a network meta-analysis of 29 studies comparing data from a total of 10333 participants 
on various medication including semaglutide, liraglutide, exenatide, cagrilintide, CagriSema, JNJ-64565111, orforglipron, 
and efpeglenatide, the maximum weight loss was achieved with CagriSema (mean weight change of -14.13 kg and a 
percentage weight loss of -15.44%) followed by orforglipron and semaglutide, with the weight change proportionate to 
the doses used. While the reduction in HbA1c with CagriSema and semaglutide were greater with higher doses, there 
was an increase in HbA1c with higher doses of liraglutide, thus potentially discouraging the use of higher doses of lira-
glutide in obesity, especially when reduction of HbA1c is needed[31].
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GLP-1, GIP AND GLUCAGON RECEPTOR CO-AGONISM: A TRIPLE INCRETIN
Retatrutide (LY-3437943)
Retatrutide is a novel long-acting triple agonist developed for once-weekly subcutaneous administration. It has a 
balanced GLP-1R and GCGR activity but greater GIPR activity. It is in phase 3 of its development. It has demonstrated 
the highest achievable weight loss with pharmacologic treatment, which is up to 24.2% at the end of 48 weeks with the 
12 mg dose in the phase 2 clinical trials involving patients with obesity and no diabetes mellitus[90]. This weight loss did 
not appear to plateau at the end of the trial, thus potentially causing greater weight loss with further treatment duration
[90]. Retatrutide has been associated with improvement in blood pressure as well as lipid profile. In the phase 2 trial in 
patients without T2DM, the drug demonstrated an improvement in fasting blood glucose levels and HbA1c, with 72%of 
participants who had prediabetes at baseline reverting to normoglycemia. In a phase 2 sub-study, retatrutide reduced 
liver fat and the fibrosis biomarkers K-18 and pro-C3 in MASH at the end of 24 and 48 weeks[91]. All these clinical and 
biochemical benefits are expected to improve the cardiometabolic outcomes to be proven in the near future once these 
trials are completed.

Efocipegtrutide (HM15211)
Efocipegtrutide, a triple GLP-1/GIP/GCGR agonist, has demonstrated significant liver fat reduction after 12 weeks in 
participants with MAFLD and is now in phase 2 development for MASH[92].

Dual and triple receptor agonists are likely more effective for weight loss than GLP-1R monoagonists. In a systematic 
review and network meta-analysis of 27 randomized controlled trials of seven GLP-1RAs and incretin polyagonists for 
weight loss in obesity, retatrutide in doses of 8 and 12 mg as well as tirzepatide 15 mg were relatively the most efficacious 
in causing weight loss and reducing waist circumference, compared to mazdutide, semaglutide, liraglutide, orforglipron 
and beinaglutide[93]. The weight lowering effect was greater with longer treatment duration and in those with higher 
BMI. In another systematic review and network meta-analysis comparing 16 incretin agonists from 76 randomized 
controlled trials involving 39246 adults, CagriSema was found to cause the greatest weight loss (-14.03 kg), followed by 
tirzepatide, retatrutide, orforglipron, semaglutide, and liraglutide[94]. Such a sustained weight loss may be a significant 
advantage over the GLP-1RAs, whose effects on body weight decline gradually with long-term use. In the same study, 
tirzepatide achieved the greatest HbA1c reduction (-2.1%), followed by mazdutide (-2.09%) and CagriSema (-1.8%)[94]. 
These outstanding metabolic benefits associated with poly-agonists are going to revolutionise the CV therapeutic land-
scape of patients with obesity and T2DM in the near future.

Practical use of incretin agonists and current place in guidelines
The American Diabetic Association guidelines 2025 recommend use of GLP-1RAs such as semaglutide or dual agonists 
such as tirzepatide for their greater weight loss efficacy in patients with diabetes and overweight or obesity[95]. The 
guidelines also suggest consideration of these drugs with or without pioglitazone in patients with biopsy-proven MASH 
or those at high risk for liver fibrosis. Concurrent use of incretin agonists along with DPP4 inhibitors is not recommended 
due to absence of additional glucose lowering benefits with the combination and the potential for higher adverse effects. 
In insulin-sufficient individuals, GLP-1RAs or GLP-1R/GIPR dual agonists are preferred over insulin. In insulin-deficient 
individuals, combining the incretin agonists with insulin has been suggested to balance the weight gain effect of insulin 
with the weight lowering effects of the latter[96].

Adverse effects of incretin agonists
The dual GLP-1R and GCGR agonists have been associated with an increased heart rate, greater than that with GLP-1RAs 
due to the cardio-stimulant effect of glucagon.

Tirzepatide was found to cause an increase in mean pulse rate of 1-2 beats per min at the end of 40 weeks[67]. A similar 
increase in heart rate was observed with the GLP-1, GIP, GCG receptor triple agonist, retatrutide up to 24 weeks of 
duration but declined with further treatment duration. However, no serious arrhythmia was observed[90].

Some of the most reported adverse effects with incretin agonists are gastrointestinal events, including diarrhoea, 
nausea, and vomiting. These side effects are supposed to be lower with GLP-1/GIP co-agonists compared to GLP-1 RAs. 
As the gastrointestinal effect of GLP-1 agonism is neutralised by the anti-emetic effect of GIP agonism, tirzepatide has 
been found to have good gastrointestinal tolerance, unlike the GLP-1 mono-agonists[36]. These have been observed with 
increasing frequency at higher doses, especially with tirzepatide, semaglutide, dulaglutide, lixisenatide, and retatrutide
[94].

Biological effects of GLP-1 (Figure 2)[97], GIP (Figure 3)[98,99], Glucagon (Figure 4)[72], and Amylin (Figure 5)[100] at 
various organ/tissue levels are schematically depicted below. An overview of the various incretin co-agonists and their 
combinations is given in Figure 6, and that of GLP-1RAs with amylin and peptide YY agonists is shown in Figure 7.

Future research
Several new incretin co-agonists are currently under development and some of these molecules are expected to have 
outstanding cardiometabolic benefits. Amycretin (NNC0487-0111), a GLP-1/amylin receptor dual agonist by Novo 
Nordisk, has completed phase 1 development and is found to reduce body weight by 13%[101,102]. CT-996 (Carmot 
Therapeutics) is another oral GLP-1RA in phase 1 development for once-daily use[103]. VK2735 (Viking Therapeutics), 
SCO-094 (Scohia Pharma), and CT-388 (Carmot Therapeutics) are the GLP-1R and GIPR dualagonists in phase 1 
development[103]. MariTide (AMG 133) by Amgen is an investigational bispecific molecule developed by conjugating a 
fully human monoclonal GIPR antagonist antibody to two GLP-1R agonist peptides[104]. Although seemingly contra-
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Figure 2 The biological effects and cardiometabolic benefits of glucagon-like peptide 1. GLP-1: Glucagon-like peptide-1; CVD: Cardiovascular 
disease.

Figure 3 The biological effects and cardiometabolic benefits of glucose-dependent insulinotropic polypeptide. CVD: Cardiovascular disease; 
GIP: Glucose-dependent insulinotropic polypeptide.

dictory, both GIP agonism, as seen with tirzepatide, and GIP antagonism, as observed with MariTide, have shown to 
synergise with GLP-1R agonism to promote remarkable weight loss[105]. Two peptide YY/GLP-1R dual agonists 
(NNC0165-1562 with semaglutide and NNC0165-1875 with semaglutide) from Novo Nordisk are undergoing phase 1 and 
phase 2 clinical trials, respectively[103].
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Figure 4  The biological effects and cardiometabolic benefits of glucagon.

Figure 5  The biological effects and cardiometabolic benefits of amylin.

Limitations and unanswered questions
Long-term CV safety of newer drugs such as retatrutide would be required for use in high-risk patients especially those 
with established atherosclerotic CV disease. The effect of incretin agonists especially with glucagon agonism, on heart 
rate and incidence of arrhythmias would need further research. Variable responses to incretin agonists remain a 
therapeutic challenge in management of metabolic diseases. Genetic missense variations in receptors including loss of 
function and gain of function mutations have been documented in GIPR, GLP1-R and GCCRs and may lead to reduced 
efficacy of drugs[106]. Head-to-head trials comparing various incretin agonists such as tirzepatide and retatrutide would 
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Figure 6 Flow chart showing different incretin agonists in combinations and the drug molecules in use/under development. GIP: Glucose-
dependent insulinotropic polypeptide; GLP-1: Glucagon-like peptide-1.

Figure 7 Flow chart showing the drug combinations of glucagon-like peptide-1 agonists with amylin receptor agonists and peptide YY 
agonists, the available drug molecules in use/under development. GLP-1: Glucagon-like peptide-1.

help answer certain questions such as comparable efficacy of weight loss potential, efficacy regarding organ protection 
(liver, renal, CV etc.) and longer-term safety issues.

A major setback for most of the currently available incretin agonists is the high costs which make them less accessible 
to patients in resource poor countries. Because of the profound benefits and potential disease modifying properties of 
these agents, public health authorities and governments should consider provision of subsidised availability of these 
drugs to such patients. Another issue is the lack of adequate data on head-to-head comparison of oral vs injectable 
versions of different GLP-1RA molecules in terms of efficacy, safety and cost effectiveness. Oral agents may be more 
acceptable to some patients especially those with needle phobia and such comparative study data should provide 
adequate evidence for informed decision making in clinical practice.

The stages of development of various incretin agonists are depicted in the Figure 8.

CONCLUSION
The incretin agonists are ground-breaking therapies for diabesity. The weight-reducing efficacy of dual agonists is 
probably the highest so far reported by any pharmacological therapy for obesity. The limiting gastrointestinal side effects 
of GLP-1 mono-agonists have been surpassed to some extent by the dual GIP/GLP-1 agonists. Future studies may throw 
light on the effect on CV health and the risk of tachyarrhythmias with these agents. With parallel effects on metabolic 
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Figure 8 Stages of development of various incretin agonists. GLP-1: Glucagon-like peptide-1; LAR: Long-acting release.

parameters other than blood glucose and weight, such as blood pressure, fatty liver, and lipid profile, the incretin co-
agonists are a great leap forward in cardiometabolic healthcare.
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