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ABSTRACT

Background

Obesity is one of the most prevalent chronic diseases and a growing public health bur‐

den, resulting from complex interactions between genetic, environmental, and neu‐

roendocrine mechanisms that regulate energy homeostasis. Because lifestyle modifi‐

cations alone frequently fail to maintain long-term weight reduction, modern pharma‐

cotherapy targeting physiological pathways of appetite and metabolism has become

an essential component of care.

http://dx.doi.org/10.35630/2026/16/Iss.5.08
https://orcid.org/0009-0001-3729-065X
https://orcid.org/0009-0001-3729-065X
https://orcid.org/0009-0007-4195-1119
https://orcid.org/0009-0007-4195-1119
https://orcid.org/0009-0003-4427-787X
https://orcid.org/0009-0003-4427-787X
https://orcid.org/0009-0007-4758-5404
https://orcid.org/0009-0007-4758-5404
https://orcid.org/0009-0004-2364-5941
https://orcid.org/0009-0004-2364-5941
mailto:krystiandomeracki5@icloud.com
mailto:krystiandomeracki5@icloud.com
https://orcid.org/0009-0000-5850-8024
https://orcid.org/0009-0000-5850-8024
mailto:krystiandomeracki5@icloud.com


Aim

This review aims to summarize the evolution of pharmacological treatments for obesi‐

ty, with particular emphasis on established GLP-1 receptor agonists and emerging

strategies, including dual and triple incretin receptor agonism and amylin-based thera‐

pies. It critically evaluates their efficacy, safety, current limitations, and potential fu‐

ture role in chronic obesity management.

Materials and Methods

PubMed, Google Scholar, and ClinicalTrials.gov were searched for English language

sources from January 2010 to September 2026. The final search was conducted on

15th of September 2026. Earlier landmark and mechanistic sources were considered.

The synthesis included 61 publications and registry records; preclinical evidence in‐

formed mechanisms only.

Results

Incretin-based and multi-receptor therapies have demonstrated substantial body

weight reductions in clinical trials. GLP-1 receptor agonists, including liraglutide and

semaglutide, reduce body weight, with cardiovascular benefits demonstrated in spe‐

cific patient populations. Dual receptor agonists, including tirzepatide, mazdutide, and

survodutide, and the triple receptor agonist retatrutide have also demonstrated sub‐

stantial weight reductions. Retatrutide produced a mean weight reduction of 24.2% at

the highest dose after 48 weeks in a phase II trial. Selected agents have shown im‐

provements in hepatic steatosis or MASH, depending on the therapy and study popu‐

lation. Cagrilintide and its combination with semaglutide (CagriSema) have demon‐

strated weight reduction in clinical trials. The most common adverse events were gas‐

trointestinal, generally mild to moderate, with frequency influenced by dose and dose

escalation.

Conclusions

The pharmacological treatment of obesity has transitioned toward targeted, mecha‐

nism-based modulation of neuroendocrine pathways, demonstrating high clinical effi‐

cacy. Because treatment discontinuation frequently leads to weight regain, obesity re‐

quires sustained, chronic pharmacological management. Future therapeutic selection



should be highly individualized, expanding beyond body mass index (BMI) alone to

consider specific metabolic phenotypes and associated comorbidities.

Keywords: obesity, pharmacotherapy, GLP-1 receptor agonists, dual agonists, triple

agonists, amylin analogues.

INTRODUCTION

Obesity has become one of the most prevalent chronic diseases worldwide and repre‐

sents a major and continuously increasing public health burden. Its prevalence has

risen markedly over recent decades across almost all regions of the world and across

both adult and pediatric populations. A large pooled analysis of 3663 population-

based studies including more than 222 million participants demonstrated a substantial

increase in obesity prevalence between 1990 and 2022, with obesity now exceeding

underweight in most countries [1]. Rather than being regarded simply as a conse‐

quence of excessive caloric intake or insufficient physical activity, obesity is increas‐

ingly recognized as a chronic, relapsing, and multifactorial disease, resulting from in‐

teractions between genetic susceptibility, environmental and socioeconomic factors,

behavior, and complex neuroendocrine mechanisms regulating energy homeostasis

[2,3]. In clinical practice, obesity is most commonly classified using body mass index

(BMI), calculated as body weight in kilograms divided by height in meters squared. In

adults, obesity is conventionally defined as a BMI ≥30 kg/m² and further categorized as

class I (30.0-34.9 kg/m²), class II (35.0-39.9 kg/m²), and class III (≥40 kg/m²) [3].

However, BMI does not directly assess body composition or fat distribution and should

therefore be interpreted alongside clinical assessment. Measures such as waist cir‐

cumference and waist-to-height ratio provide additional information regarding central

adiposity and cardiometabolic risk, while methods including dual-energy X-ray absorp‐

tiometry (DXA) and bioelectrical impedance analysis can be used for more detailed as‐

sessment of body composition [3,4]. The clinical significance of obesity extends far

beyond excess body weight. It is strongly associated with type 2 diabetes mellitus

(T2DM), metabolic dysfunction-associated steatotic liver disease (MASLD), cardiovas‐

cular disease, obstructive sleep apnea, osteoarthritis, and several malignancies [3,5].

The relationship with T2DM is particularly important, as visceral and ectopic adiposity

promote insulin resistance through increased free fatty acid availability, adipokine dys‐

regulation, chronic low-grade inflammation, and impaired insulin signaling. Progressive

β-cell dysfunction may subsequently lead to persistent hyperglycemia and T2DM [6].



Similar metabolic disturbances contribute to MASLD and its progressive form, meta‐

bolic dysfunction-associated steatohepatitis (MASH). Insulin resistance and exces‐

sive fatty acid delivery promote hepatic lipid accumulation, while lipotoxicity, oxidative

stress, and inflammation contribute to hepatocellular injury and progression toward fi‐

brosis and cirrhosis [7]. Obesity also contributes to cardiovascular disease through hy‐

pertension, dyslipidemia, insulin resistance, systemic inflammation, endothelial dys‐

function, and structural and functional cardiac abnormalities [8]. These closely inter‐

connected complications emphasize the need for therapies capable of addressing

both excess adiposity and its metabolic consequences.

Lifestyle modification, including dietary intervention, physical activity, and behavioral

therapy, remains fundamental to obesity management. However, lifestyle intervention

alone often produces weight loss that is difficult to maintain over time. Weight reduc‐

tion activates compensatory mechanisms, including increased hunger and reduced

energy expenditure, that favor restoration of lost body weight [9,10]. These physiologi‐

cal adaptations help explain the frequent occurrence of weight regain and further sup‐

port the concept of obesity as a chronic disease requiring sustained management

rather than a temporary behavioral intervention. Pharmacological treatment of obesity

has undergone substantial evolution. Earlier agents primarily targeted central sympa‐

thomimetic or serotonergic pathways, but several were limited by modest efficacy,

poor tolerability, or serious adverse effects. Subsequently introduced therapies, in‐

cluding orlistat and naltrexone/bupropion, provided additional options for long-term

weight management but remained limited by efficacy or tolerability in some patients

[11]. The introduction of GLP-1 receptor agonists marked a major transition toward

pharmacological modulation of physiological pathways controlling appetite and me‐

tabolism. This approach subsequently expanded to dual-target therapies, particularly

combined GIP/GLP-1 receptor agonism, and more recently to triple GIP/GLP-1/glucagon

receptor agonists, reflecting growing interest in simultaneously targeting complemen‐

tary metabolic pathways [12]. In parallel, renewed interest in amylin signaling has stim‐

ulated the development of long-acting amylin analogues and incretin-amylin combina‐

tions, further broadening the range of potential pharmacological strategies [13,14].

Despite these advances, important therapeutic challenges remain. Response to anti-

obesity medications varies between individuals, gastrointestinal adverse effects may

limit incretin-based treatment, and long-term therapy is generally required to maintain

weight reduction. Discontinuation can be followed by weight regain as physiological

mechanisms defending body weight re-emerge. Cost, accessibility, long-term tolera‐

bility, and the predominance of injectable formulations remain additional barriers and



have stimulated the development of more effective, better tolerated, and orally admin‐

istered therapies.

Important uncertainties also remain regarding the relative clinical value of established

and emerging treatments. Differences in study populations, diabetes status, treat‐

ment duration, dosing regimens, and outcome assessment limit comparisons across

clinical trials. For several investigational agents, direct comparative evidence and long-

term data on safety, maintenance of weight reduction, and effects on obesity-related

complications remain limited. These uncertainties complicate the interpretation of dif‐

ferences in reported weight reductions and the assessment of the potential role of

newer therapies in individualized obesity management.

AIM

To critically summarize the mechanisms of action, clinical efficacy, safety, and poten‐

tial role of established and emerging pharmacological therapies in long-term obesity

management.

Objectives

1. To describe the mechanisms of action of the therapies considered in this review.

2. To summarize evidence on weight reduction, metabolic outcomes, outcomes

related to obesity-associated comorbidities, safety, and maintenance of weight

reduction.

3. To identify limitations of the available evidence and directions for future research.

MATERIALS AND METHODS

This narrative literature review was conducted to identify current evidence on estab‐

lished and emerging pharmacological strategies for obesity. Publications from January

2010 to September 2026 were searched in PubMed and Google Scholar, while

ClinicalTrials.gov was used to identify ongoing and recently completed clinical trials.

The final search was performed on 15th of September 2026. Earlier publications were

considered when they provided fundamental information on appetite regulation, ener‐

gy homeostasis, or mechanisms relevant to contemporary anti-obesity therapies.



The PubMed search combined obesity-related terms with therapeutic targets, drug

classes, and individual agents using the following strategy: ("obesity" OR

"overweight") AND ("pharmacotherapy" OR "anti-obesity medication" OR "GLP-1" OR

"GLP-1 receptor agonist" OR semaglutide OR liraglutide OR GIP OR tirzepatide OR "dual

agonist" OR glucagon OR "triple agonist" OR retatrutide OR amylin OR "amylin ana‐

logue" OR cagrilintide OR CagriSema OR amycretin OR PYY OR leptin OR ghrelin OR or‐

forglipron). Google Scholar searches were performed using combinations of the terms

obesity, overweight, GLP-1 receptor agonist, semaglutide, liraglutide, GIP, tirzepatide,

glucagon, retatrutide, amylin, cagrilintide, CagriSema, amycretin, PYY, leptin, ghrelin,

and orforglipron, together with clinical trial, efficacy, safety, adverse events, and treat‐

ment outcomes. ClinicalTrials.gov was searched using the terms obesity and over‐

weight in combination with semaglutide, liraglutide, tirzepatide, retatrutide, cagrilin‐

tide, CagriSema, amycretin, and orforglipron to identify completed, ongoing, and re‐

cently reported clinical trials and to determine the current clinical development status

of the investigated therapies.

Eligible sources included randomized controlled trials, prospective and observational

clinical studies, systematic reviews, relevant narrative reviews, meta-analyses, clinical

guidelines, and relevant trial registry records addressing the mechanisms, efficacy,

safety, or clinical development of pharmacological therapies for obesity. Preclinical

studies were considered only when they provided relevant mechanistic information.

Studies focusing exclusively on bariatric or endoscopic procedures or non-pharmaco‐

logical interventions were excluded, as were duplicate reports, conference abstracts

without full-text publications, non-English-language articles, and publications without

relevant clinical or mechanistic information.

Titles and abstracts were initially screened for relevance, followed by full-text assess‐

ment of potentially eligible publications. Extracted information included the mecha‐

nism of action, study design and phase, patient population, treatment regimen, clinical

efficacy, safety, and regulatory status. Primary reports of pivotal clinical trials were pri‐

oritized for efficacy and safety assessment, whereas review articles were mainly used

for mechanistic and contextual information.

Overall, 61 publications and clinical trial registry records were included in the final nar‐

rative synthesis. As this was a narrative review, literature selection followed a struc‐

tured but non-systematic approach, and no formal risk-of-bias assessment was

performed.



RESULTS

Pathophysiology of obesity

Body-weight regulation is controlled by a complex neuroendocrine network integrating

peripheral signals with central pathways regulating hunger, satiety, and energy expen‐

diture. The hypothalamus, particularly the arcuate nucleus, plays a central role in this

process. Orexigenic neurons expressing neuropeptide Y (NPY) and agouti-related pep‐

tide (AgRP) promote food intake, whereas pro-opiomelanocortin (POMC) neurons ex‐

ert anorexigenic effects through the melanocortin system [15,16]. These neuronal

populations receive hormonal and nutritional signals originating from the gastroin‐

testinal tract, pancreas, and adipose tissue, allowing peripheral energy status to influ‐

ence feeding behavior. Several of these peripheral signals have become important

pharmacological targets. Glucagon-like peptide-1 (GLP-1) promotes glucose-depen‐

dent insulin secretion, delays gastric emptying, and reduces food intake through pe‐

ripheral and central mechanisms, while glucose-dependent insulinotropic polypeptide

(GIP) enhances glucose-dependent insulin secretion and contributes to the regulation

of energy metabolism [15,17]. Glucagon increases hepatic glucose production but may

also influence satiety and energy expenditure, providing a rationale for its incorpora‐

tion into multi-receptor agonists [17]. Other signals include PYY, which promotes post‐

prandial satiety; ghrelin, which stimulates hunger; and leptin, an adipose-derived sig‐

nal involved in long-term energy homeostasis, although common obesity is typically

associated with reduced responsiveness to its anorexigenic effects [15,18]. Amylin, co-

secreted with insulin by pancreatic β cells, promotes satiation, delays gastric empty‐

ing, and suppresses postprandial glucagon secretion, making the amylin pathway an‐

other important target for emerging anti-obesity therapies [13]. The principal central

and peripheral mechanisms regulating appetite and body weight and their relationship

with obesity are summarized in Figure 1.



Figure 1. Neuroendocrine regulation of energy homeostasis, therapeutic targets, and obesity-

related complications (created by authors)

Single-receptor agonists

Liraglutide

Liraglutide is an approved GLP-1 receptor agonist exhibiting 97% homology to the nat‐

ural hormone, which significantly improves glycemic control and induces weight loss in

patients with obesity [19,20,21]. The pivotal 56-week SCALE trial demonstrated that li‐

raglutide-treated patients lost an average of 8.4 kg (8.0% of baseline weight) com‐

pared to 2.8 kg (2.6%) in the placebo group, with 63.2% of individuals in the active

treatment arm achieving a weight loss of ≥ 5%—significantly outperforming the 27.1%

observed in the placebo group—while 33.1% achieved a greater than 10% reduction

compared to just 10.6% on placebo, all accompanied by a marked 8.2 cm mean reduc‐

tion in waist circumference that significantly surpassed the changes recorded in the

placebo group [20]. Early clinical response is a robust predictor of long-term success;

patients losing ≥4% of their weight at 16 weeks achieved an impressive 10.8% (non-di‐

abetics) and 8.5% (diabetics) total weight reduction at 56 weeks. Conversely, non-re‐

sponders in the same study achieved only a 3.0% and 3.1% reduction, respectively

[22]. Efficacy extends to adolescents aged 12 to <18 years, where 56 weeks of therapy

led to a decrease of 0.22 points in the BMI standard-deviation score relative to place‐

bo. In this younger cohort, 43.3% of participants achieved a ≥ 5% decrease in BMI [23].

Beyond weight management, liraglutide provides crucial cardioprotective benefits in

type 2 diabetes, notably reducing the risk of cardiovascular death by 22% (hazard ratio



0.78) and all-cause mortality by 15% (hazard ratio 0.85) [24]. In a phase 2 trial directly

comparing incretin therapies, individuals receiving 3.0 mg of liraglutide for 52 weeks

achieved an estimated mean weight reduction of 7.8%, whereas once-weekly alterna‐

tives like semaglutide demonstrated a statistically greater efficacy, yielding weight

losses ranging from 11.2% up to 13.8% depending on the dosage [21].

Semaglutide

Semaglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist, has demonstrated

substantial weight-loss efficacy across the STEP clinical trial programme. In the foun‐

dational STEP 1 trial involving 1,961 adults without diabetes, once-weekly semaglutide

2.4 mg yielded a mean body weight reduction of 14.9% after 68 weeks, compared with

just 2.4% for placebo. This equated to an absolute average weight loss of 15.3 kg and a

waist circumference decrease of 13.54 cm. Furthermore, the intervention drove signifi‐

cant clinical milestones: 86.4%, 69.1%, and 50.5% of treated patients achieved weight

reductions of at least 5%, 10%, and 15%, respectively, vastly outperforming the place‐

bo group [25]. The clinical benefits of semaglutide extend seamlessly to diverse pa‐

tient populations. In the STEP 2 trial targeting patients with type 2 diabetes, the 2.4 mg

dose produced a 9.6% mean weight reduction over 68 weeks, with nearly 69% of par‐

ticipants achieving at least a 5% weight loss [26]. Efficacy was similarly evident in ado‐

lescents; the STEP TEENS trial reported a 16.1% reduction in BMI for the treatment

group—contrasting with a 0.6% increase in the placebo arm—and enabled 73% of ado‐

lescent participants to reach the ≥5% weight-loss threshold [27]. Finally, the STEP

programme highlights both the need of sustained therapy and the potential of dose

escalation. The STEP 4 trial underscored the importance of continuous treatment: par‐

ticipants who lost 10.6% of their body weight during a 20-week lead-in period achieved

a total estimated weight reduction of 17.4% over 68 weeks if treatment was main‐

tained, whereas those switched to placebo regained 6.9% of their weight [28]. More

recently, the STEP UP trial indicated that escalating the once-weekly dose to 7.2 mg

further enhanced efficacy, resulting in a mean weight reduction of 18.7% after 72

weeks, compared with 15.6% for the standard 2.4 mg dose and 3.9% for placebo [29].

In addition to subcutaneous administration, semaglutide can also be administered

orally and has demonstrated satisfactory weight-loss outcomes [30,31]. Oral semaglu‐

tide at a dose of 14 mg reduced participants’ body weight by 5.7% and significantly de‐

creased waist circumference by 5.5 cm [30]. Treatment with oral semaglutide 50 mg

resulted in a mean body weight reduction of 15.1%, compared with 2.4% in the placebo

group. Additionally, 85% of participants achieved a weight loss of ≥5% (versus 26% for

placebo), and 34% achieved a reduction of ≥20% (versus 3% for placebo) [31].



Orforglipron and Danuglipron

Recent advancements in obesity and diabetes pharmacotherapy include the develop‐

ment of oral, small-molecule GLP-1 receptor agonists - orforglipron and danuglipron.

Orforglipron reduced glycated hemoglobin by up to 1.48 percentage points and body

weight by 7.6% at 40 weeks in patients with type 2 diabetes [33]. In adults with obesity,

once-daily orforglipron at a dose of 36 mg resulted in an 11.2% mean body weight re‐

duction at 72 weeks, alongside improvements in cardiometabolic parameters such as

waist circumference, blood pressure, and lipid profiles [32]. The phase 3b ATTAIN-

MAINTAIN trial highlighted its efficacy in weight loss maintenance, as participants tran‐

sitioning from injectable tirzepatide or semaglutide to orforglipron successfully main‐

tained 74.7% and 79.3% of their initial weight reduction after 52 weeks, respectively

[34]. Similarly evaluated for weight reduction in adult patients, danuglipron represents

another option within this class of oral small-molecule agents [35,36]. In a 12-week

phase 2 study, participants with obesity receiving danuglipron 200 mg twice daily

achieved an observed mean weight reduction of 7.17 kg, compared with a 0.30 kg re‐

duction in the placebo group [35]. A subsequent phase 2b trial demonstrated that 26

to 32 weeks of danuglipron treatment in adults with obesity resulted in placebo-ad‐

justed least squares mean body weight reductions ranging from 5.0% to 12.9% across

different dose-escalation regimens. In this trial, up to 88% of participants receiving the

200 mg dose (with a 4-week escalation interval) achieved a weight reduction of at

least 5% [36].

Dual-target therapies

A significant advancement in obesity pharmacotherapy involves dual-targeted agents

that simultaneously modulate two distinct receptor pathways, prominently featuring

the GLP-1 and GIP agonist tirzepatide, alongside the GLP-1 and glucagon agonists

mazdutide, survodutide, and pemvidutide. Furthermore, this innovative landscape in‐

cludes MariTide—a unique molecule combining GLP-1 agonism with GIP antagonism—

and CagriSema, a synergistic co-formulation targeting both GLP-1 and amylin

receptors.

Tirzepatide

Tirzepatide is a once-weekly subcutaneous dual glucose-dependent insulinotropic

polypeptide and glucagon-like peptide-1 receptor agonist that has demonstrated pro‐

found efficacy in the treatment of obesity. By acting synergistically on appetite regula‐

tion and metabolic function, it facilitates substantial weight reduction across diverse



patient populations. In the landmark SURMOUNT-1 trial involving adults with obesity or

overweight without diabetes, tirzepatide provided sustained weight reductions, with

the 15-mg dose resulting in a mean percentage change in weight of -20.9% (95% CI,

-21.8 to -19.9) at week 72 [37]. The efficacy of this pharmacological intervention is also

high and consistent across different demographic groups; for example, clinical trials

confirm that in Chinese adults with obesity or overweight, the 15-mg dose led to a

mean body weight reduction of -17.5% (95% CI, -19.7 to -15.3%) at week 52 [38]. The

SURMOUNT-2 trial demonstrated that in adults with obesity and type 2 diabetes, the

least-squares mean change in body weight at week 72 was -14.7% for the 15-mg dose

[39]. Similarly, the SURPASS-5 trial, which evaluated patients with type 2 diabetes in‐

adequately controlled on titrated insulin glargine, showed that the addition of

tirzepatide yielded a mean body weight change of -8.8 kg (95% CI, -10.0 to -7.7) at 40

weeks for the 15-mg group [40]. Tirzepatide also exerts a therapeutic impact on other

severe obesity-related comorbidities. The SURMOUNT-OSA trial evaluated patients

with moderate-to-severe obstructive sleep apnea and obesity, revealing a mean per‐

cent change in body weight of -17.7% in Trial 1 for the treatment-regimen estimated at

week 52 [41]. Crucially, obesity is a chronic disease requiring long-term management,

and the SURMOUNT-4 trial highlighted the need of continued pharmacotherapy to pre‐

vent weight regain. After an initial 36-week lead-in period where participants achieved

a 20.9% weight reduction, those who were randomized to switch to a placebo experi‐

enced a 14.0% (95% CI, 12.8 to 15.2) weight regain by week 88, whereas participants

continuing on tirzepatide experienced an additional -5.5% (95% CI, -6.8 to -4.2)

weight reduction [42].

Mazdutide

Mazdutide, an oxyntomodulin-analogue dual glucagon receptor (GCGR)/glucagon-like

peptide-1 receptor (GLP-1R) agonist, has demonstrated substantial, dose-dependent

efficacy in reducing body weight across multiple Chinese phase 2/3 trials. In the pivotal

phase 3 GLORY-1 trial conducted specifically in adults with obesity or overweight,

once-weekly mazdutide produced a least-squares mean body-weight reduction at

week 32 of −10.09% (95% CI, −11.15 to −9.04) with the 4-mg dose and −12.55% (95% CI,

−13.64 to −11.45) with the 6-mg dose, versus only 0.45% with placebo, with 73.9% and

82.0% of participants achieving ≥5% weight loss compared with 10.5% on placebo.

These effects were sustained and even amplified through week 48, at which point

35.7% (4 mg) and 49.5% (6 mg) of participants had lost ≥15% of baseline body weight

versus 2.0% with placebo [43]. In patients with type 2 diabetes, mazdutide also pro‐

duced clinically meaningful weight loss as a secondary benefit, with the DREAMS-1



phase 3 trial reporting a −5.61% and −7.81% change in body weight for the 4-mg and 6-

mg doses, respectively, versus −1.26% for placebo, and 48.8%/64.0% of participants

reaching ≥5% weight loss versus 6.6% on placebo [44]. Earlier phase 2 data in patients

with type 2 diabetes corroborated this weight-lowering effect, showing percent body-

weight reductions ranging from −4.1% to −7.1% across mazdutide doses compared with

−1.4% with placebo, with up to 57.1% of mazdutide-treated participants achieving ≥5%

weight loss versus 9.8% with placebo [45].

Survodutide

Survodutide, a glucagon and glucagon-like peptide-1 (GLP-1) receptor dual agonist,

demonstrates substantial efficacy in the pharmacological management of obesity by

simultaneously reducing energy intake and increasing energy expenditure [46,47].

Clinical evidence indicates that the drug induces significant, dose-dependent reduc‐

tions in body weight across different patient populations. In a phase 2 dose-finding tri‐

al involving adults with overweight or obesity without diabetes, patients receiving 4.8

mg of survodutide achieved a mean body weight reduction of 14.9% (95% CI: -16.9 to

-13.0) over 46 weeks, compared to a 2.8% reduction in the placebo group [47].

Furthermore, a phase 3 trial evaluating adults with obesity and metabolic dysfunction-

associated steatotic liver disease (MASLD) corroborated these potent anti-obesity ef‐

fects. In this phase 3 study, patients administered 6.0 mg of survodutide for 48 weeks

experienced a mean body weight reduction of 12.2%, representing an estimated treat‐

ment difference of -11.2% (95% CI: -13.4 to -9.0) relative to placebo [46].

Pemvidutide

Pemvidutide, another GLP-1 and glucagon dual receptor agonist, has demonstrated

clinical efficacy in reducing both body weight and liver fat in patients with metabolic

dysfunction-associated steatohepatitis (MASH) and steatotic liver disease (MASLD)

[48,49]. In a 24-week phase 2b trial involving patients with biopsy-confirmed MASH, 1.8

mg of pemvidutide led to MASH resolution without worsening of fibrosis in 52% of pa‐

tients, yielding a significant treatment difference of 32% (95% CI: 19 to 46) compared

to placebo [48]. Similarly, a 12-week study demonstrated that the 1.8 mg dose of

pemvidutide achieved a robust 68.5% relative reduction in magnetic resonance imag‐

ing-assessed liver fat content among patients with MASLD. Beyond hepatic improve‐

ments, pemvidutide administration consistently induced body weight reductions,

reaching a 4.3% decrease after 12 weeks without the need for dose titration [49].

Pemvidutide shows promising therapeutic potential; however, further clinical studies

are needed to establish its efficacy and safety.



AMG 133

AMG 133 is an investigational hybrid molecule that combines a GIP receptor antagonist

with GLP-1 receptor agonists to effectively promote weight loss. Thanks to its long

half-life, it allows for less frequent, monthly dosing and is currently being evaluated in

advanced clinical trials [50].

CagriSema

CagriSema (a combination of cagrilintide and semaglutide) has demonstrated efficacy

as an anti-obesity medication, significantly outperforming both placebo and semaglu‐

tide monotherapy [51,52]. In a large-scale randomized trial involving 3,417 participants,

those receiving CagriSema achieved an estimated mean body weight reduction of

20.4% from baseline to week 68, which was 17.3 percentage points greater than the

3.0% reduction observed in the placebo group [52]. Furthermore, a systematic review

and meta-analysis highlighted its superiority over active comparators, showing that

CagriSema led to a 9.07% greater mean percentage weight loss (an absolute differ‐

ence of 9.11 kg) compared to semaglutide 2.4 mg over a 20- to 32-week period.

However, this enhanced efficacy is associated with an increased risk of gastrointesti‐

nal adverse events, which affected 79.6% of users, compared to 39.9% on placebo

[51].

Triple-receptor agonists

Retatrutide

Retatrutide is an innovative, single-molecule triple agonist of the glucagon-like pep‐

tide-1 (GLP-1), glucose-dependent insulinotropic polypeptide (GIP), and glucagon re‐

ceptors, which suppresses appetite and increases the body's energy expenditure. This

preparation, administered subcutaneously once a week, currently represents one of

the most promising investigational drugs in the context of obesity and metabolic dis‐

ease therapy [53]. In a 48-week phase 2 clinical trial, patients with obesity receiving

the highest dose of 12 mg achieved an average body weight reduction of 24.2 percent,

while the 8 mg dose resulted in a 22.8 percent decrease, which exceeded the 2.1 per‐

cent result observed in the placebo group. In the same study, 100 percent of partici‐

pants treated with the 8 mg and 12 mg doses reduced their initial body weight by at

least 5 percent, and 83 percent of subjects on the highest dose lost 15 percent or more

of their weight [54]. The efficacy of retatrutide in weight reduction is also confirmed by

a comprehensive meta-analysis involving 878 patients from three randomized con‐



trolled trials, which demonstrated an overall mean difference in weight loss of -14.33

percent in favor of the retatrutide-treated groups compared to placebo [55]. This drug

also demonstrates powerful effects in populations with harder-to-treat comorbidities,

as evidenced in a study involving patients with obesity and type 2 diabetes, where the

12 mg dose led to a 16.94 percent weight loss after 36 weeks of therapy, outperforming

both placebo with a 3.00 percent decrease and dulaglutide with a 2.02 percent result

[56]. In the same group of patients with diabetes, results in body composition im‐

provement were additionally observed, where a specialized subanalysis utilizing DXA

scans revealed a reduction in total fat mass of 26.1 percent for the 8 mg dose and 23.2

percent for the 12 mg dose after 36 weeks, exceeding the mere 4.5 percent placebo ef‐

fect more than fivefold [57]. In turn, in a study of patients with obesity and metabolic

dysfunction-associated steatotic liver disease (MASLD), retatrutide demonstrated the

ability to reduce the volume of visceral adipose tissue, which was reduced by as much

as 48.3 percent at the highest tested dose. In the same subgroup of patients, liver de‐

fatting was noted, achieving a relative liver fat reduction of 82.4 percent after 24

weeks, and after 48 weeks, as many as 93 percent of patients on the 12 mg dose expe‐

rienced complete resolution of organ steatosis [58].

Amylin analogues

Cagrilintide

Cagrilintide is a long-acting amylin analogue designed to help manage body weight by

inducing satiety and delaying gastric emptying [59]. A 26-week phase 2 clinical trial

evaluated the effects of ascending once-weekly doses of cagrilintide in participants

with overweight or obesity without diabetes. The mean body weight reduction showed

a dose-dependent response, ranging from 6.0% (for the 0.3 mg dose) to 10.8% (for the

4.5 mg dose) after 26 weeks. Specifically, the weight reduction achieved with the high‐

est 4.5 mg dose reached 10.8% (11.5 kg), which significantly outperformed the placebo

group, where the decrease was limited to 3.0% (3.3 kg) [60]. Furthermore, building on

the dual combination therapy strategies mentioned above, it is increasingly being in‐

vestigated and co-administered in combination regimens alongside semaglutide (Ca‐

griSema) to achieve even greater, synergistic weight-loss benefits. To illustrate the ra‐

tionale behind combining these two drugs, it is worth citing a study where the mean

body weight reduction from baseline to week 32 reached 15.6% in the CagriSema

group, compared to 5.1% in the semaglutide group and 8.1% in the cagrilintide group

[59].



Petrelintide

Petrelintide is another long-acting, acylated analogue of human amylin currently being

developed for chronic weight management. The reported phase I studies have demon‐

strated favourable tolerability for petrelintide, featuring a low incidence of mostly mild

gastrointestinal adverse events, while producing noticeable weight reductions [61].

However, as clinical data on this agent remain relatively limited, future investigations

building upon the initial phase I findings must focus on robustly demonstrating its

therapeutic efficacy in the treatment of obesity.

Safety

Modern pharmacotherapy for obesity, encompassing GLP-1, GIP, and glucagon recep‐

tor agonists and co-agonists, demonstrates a generally acceptable safety profile

across various agents. The predominant adverse events are gastrointestinal in nature,

typically mild to moderate in severity, and frequently dose dependent or related to the

titration schedule. The frequency of gastrointestinal adverse events varied across

studies, with reported symptoms including nausea, diarrhea, vomiting, and constipa‐

tion [19,42,43,48,56,59]. In trials evaluating CagriSema, a combination of semaglutide

and cagrilintide, gastrointestinal events occurred in 58% of participants, compared to

32% for semaglutide alone and 33% for cagrilintide alone [59]. Similarly, tirzepatide

demonstrated an 81.0% adverse event rate during the 36 week initial phase, predomi‐

nantly characterized by nausea in 35.5% and diarrhea in 21.1% of patients. During the

subsequent double blind phase, diarrhea affected 10.7% of the tirzepatide cohort ver‐

sus 4.8% receiving placebo [42]. Mazdutide exhibited dose dependent gastrointesti‐

nal effects, with nausea reported in 32.5% of individuals receiving the 4 mg dose and

50.5% of those on the 6 mg dose, contrasting with 5.9% in the placebo group. Diarrhea

was noted in 35.0% and 38.6% of the 4 mg and 6 mg mazdutide groups, respectively,

while vomiting occurred in 26.1% and 43.1% [43]. Pemvidutide trials revealed gastroin‐

testinal complaints in 46% of patients overall, with nausea affecting 22% of the 1.2 mg

group and 41% of the 1.8 mg group, while diarrhea was observed in 10% and 21% of

these groups, respectively [48]. Retatrutide therapy resulted in gastrointestinal

events in 35% of patients overall, with a clear dose titration correlation. The incidence

ranged from 13% in the stable 0.5 mg cohort to 50% among individuals rapidly titrated

to an 8 mg dose [56]. Furthermore, specific agents in this class exhibit a propensity to

stimulate the cardiovascular system, manifesting as an elevated heart rate. Patients

receiving mazdutide experienced a mean heart rate increase not exceeding 4.6 beats

per minute at the peak of the titration phase, with sinus tachycardia recorded in 2.0%



of the 4 mg group and 4.5% of the 6 mg group [43]. Despite the high frequency of mild

to moderate side effects, complete treatment discontinuation due to adverse events

remains generally low, and severe complications such as level 2 or 3 hypoglycemia are

exceptionally rare [19,42,43,48]. Discontinuation rates attributed to adverse events

were reported at 13% for the CagriSema cohort, 7.0% during the initial phase for

tirzepatide, and 1.5% for the 4 mg mazdutide group [42,43,59]. Pemvidutide demon‐

strated very low discontinuation rates of 0% for the 1.2 mg dose and 1% for the 1.8 mg

dose [48]. The incidence of serious adverse events across these therapies was con‐

sistently minimal, ranging from 0% for CagriSema, to between 2.0% and 3.0% for

tirzepatide, approximately 2% to 4% for pemvidutide, and 4.0% to 5.9% for mazdutide.

Crucially, the reviewed literature consistently emphasized a complete absence of fa‐

talities directly linked to the investigated drugs and no instances of severe hypo‐

glycemia [19,43,48,56,59]. Table 1 summarizes the mechanisms of action, effects on

body weight, and adverse events of the therapies discussed in this review.



Table 1. Overview of Established and Investigational Pharmacological Therapies for Obesity

DRUG NAME MECHANISM OF ACTION FDA APPROVED EFFECT ON WEIGHT ADVERSE EFFECTS

Liraglutide GLP-1 receptor agonist Yes The 56-week trial

demonstrated an aver‐

age weight loss- 8.0% of

baseline weight, with

63.2% of patients

achieving ≥5% weight

loss and 33.1% losing

>10% of their initial

weight. This was accom‐

panied by a mean reduc‐

tion in waist circumfer‐

ence of 8.2 cm [20].

Serious adverse events

were reported in 4% of

individuals on liraglutide,

compared to 5% to 13%

of those on semaglutide

[21].

Semaglutide GLP-1 receptor agonist Yes In the 68-week STEP 1

trial, a weekly 2.4 mg

dose reduced mean

body weight by 14.9%

(15.3 kg) and waist cir‐

cumference by 13.5 cm,

with 86.4%, 69.1%, and

50.5% of patients

achieving reductions of

≥5%, ≥10%, and ≥15%,

respectively [25].

The proportion of partic‐

ipants experiencing at

least one adverse event

was 85% in the liraglu‐

tide 3.0 mg group, while

it ranged from 90% to

96% across the various

semaglutide groups.

Discontinuation due to

adverse events was 9%

for the liraglutide group.

For semaglutide, the

discontinuation rate

ranged from 4% at lower

doses to 17% at higher

doses [26].

Orforglipron Oral small-molecule

GLP-1 receptor agonist

No Dose of 36 mg resulted

in an 11.2% mean body

weight reduction at 40

weeks, alongside im‐

provements in car‐

diometabolic parame‐

ters [33].

Permanent discontinua‐

tion of treatment oc‐

curred in 4.4 to 7.8% of

participants receiving

orforglipron and 1.4%

(placebo) [33].

Danuglipron Oral small-molecule

GLP-1 receptor agonist

No In 12-week study partici‐

pants receiving

danuglipron 200 mg

twice daily achieved

mean weight reduction

of 7.17 kg, compared with

a 0.30 kg in the placebo

group [35].

In addition to typical GI

adverse events, hypo‐

glycemia occurred in

7.3% of subjects in the

type 2 diabetes (T2D)

group concurrently

treated with metformin

[35].

Tirzepatide Dual GLP-1 and GIP re‐

ceptor agonist

Yes 15 mg of tirzepatide re‐

duced mean body

weight by 20.9% at 72

weeks in non-diabetic

adults with obesity [37].

Cholecystitis was re‐

ported more frequently

in the tirzepatide groups

than in the placebo

group, although the inci‐

dences were low

(≤0.6%) [37].

Mazdutide Dual GLP-1 and

Glucagon receptor

agonist

No Weekly mazdutide (4 mg

and 6 mg) reduced

mean body weight by

10.09% and 12.55% at 32

weeks in adults with

obesity, compared to

0.45% with placebo

[43].

Sinus tachycardia oc‐

curred in 2.0% and 4.5%

of participants in the 4-

mg and 6-mg mazdutide

groups, versus 2.9% on

placebo [43].



Survodutide Dual GLP-1 and

Glucagon receptor

agonist

No Patients receiving 4.8

mg of survodutide

achieved a mean body

weight reduction of

14.9% over 46 weeks,

compared to a 2.8% in

the placebo group [47].

At week 46, survodutide

increased mean heart

rate by 2.7 bpm versus

0.1 bpm for placebo [47].

Pemvidutide Dual GLP-1 and

Glucagon receptor

agonist

No 1.8 mg dose reduced

body weight by 4.3% af‐

ter 12 weeks [49].

Only mild gastrointesti‐

nal adverse events were

observed, with no signif‐

icant changes in heart

rate [49].

MariTide (AMG 133) GLP-1 receptor agonist

and GIP receptor

antagonist

No Further clinical trials are

warranted to fully estab‐

lish the safety and effi‐

cacy of this drug

-

CagriSema (Semaglu‐

tide + Cagrilintide)

GLP-1 receptor agonist

and long-acting Amylin

analog

No In a 3,417-participant tri‐

al, CagriSema reduced

mean body weight by

20.4% at 68 weeks,

compared to 3.0% with

placebo [52].

Aside from gastroin‐

testinal adverse events,

no others were

reported.

Retatrutide Triple GLP-1, GIP, and

Glucagon receptor

agonist

No In a 48-week phase 2 tri‐

al, the 12-mg and 8-mg

doses reduced mean

body weight by 24.2%

and 22.8%, respectively,

compared to 2.1% with

placebo in patients with

obesity [54].

Mild elevations in heart

rate, along with isolated

instances of mild-to-

moderate arrhythmias,

were noted in a few pa‐

tients [54].

Petrelintide Long-acting Amylin

analog

No After 16 weeks, the 4.8-

mg dose achieved a

mean body weight re‐

duction of 8.6%, com‐

pared to 1.7% in the

placebo group [61].

Mild to moderate gas‐

trointestinal adverse

events [61].

Cagrilintide Long-acting Amylin

analog

No In a 26-week trial, once-

weekly cagrilintide pro‐

duced dose-dependent

weight reductions rang‐

ing from 6.0% (0.3 mg)

to 10.8% (4.5 mg), sig‐

nificantly outperforming

the 3.0% reduction seen

with placebo [60].

Mild gastrointestinal ad‐

verse events occurred,

with no significant dif‐

ferences in blood pres‐

sure or pulse rate [60].

DISCUSSION

The development of modern anti-obesity medications reflects a broader change in the

understanding of obesity from a condition attributed predominantly to excess energy

intake toward a chronic disease regulated by complex neuroendocrine and metabolic

mechanisms. The clinical efficacy of GLP-1 receptor agonists and subsequent multi-re‐

ceptor therapies supports the relevance of the gut-brain and pancreatic hormonal

pathways described in the pathophysiology of obesity. The progression from liraglu‐

tide to semaglutide illustrates the substantial therapeutic gains achievable within a



single hormonal pathway: while liraglutide established GLP-1 receptor agonism as an

effective strategy for chronic weight management, semaglutide achieved considerably

greater weight reduction with once-weekly administration [20,21,25]. Furthermore, the

additional efficacy observed with semaglutide 7.2 mg in STEP UP suggest that the

therapeutic potential of GLP-1 receptor agonism may not yet be fully realized at estab‐

lished doses [29]. These findings are relevant when interpreting newer multi-receptor

therapies, since greater efficacy cannot automatically be attributed to engagement of

additional receptors but also on factors such as pharmacokinetics, receptor potency,

molecular design, dosing, treatment duration and patient characteristics remain im‐

portant determinants of clinical response [43,47,48].

Nevertheless, the results obtained with tirzepatide provide strong clinical support for

combining complementary hormonal signals. Dual GIP/GLP-1 receptor agonism pro‐

duced substantial weight reduction across several populations, including individuals

without diabetes, patients with T2DM, and those with obesity-related obstructive

sleep apnea [37-41]. This is particularly relevant given the initially uncertain role of GIP

in obesity pharmacotherapy. The efficacy of tirzepatide demonstrates that GIP recep‐

tor activation can enhance a pharmacological strategy centred on GLP-1 signaling, al‐

though the precise contribution of each receptor to weight reduction remains difficult

to determine clinically. The development of AMG 133 makes this question even more in‐

teresting, as this agent combines GLP-1 receptor agonism with GIP receptor antago‐

nism rather than agonism [50]. The investigation of apparently opposing approaches

to GIP signaling illustrates that the physiological effects of this pathway are more com‐

plex than a simple distinction between receptor activation and inhibition. Clinical effi‐

cacy may depend on the interaction between GIP signaling and other metabolic path‐

ways rather than on the isolated direction of GIP receptor modulation.

The addition of glucagon receptor agonism represents another important extension of

this multi-pathway strategy. In isolation, glucagon might appear counterintuitive as a

treatment component because of its ability to increase hepatic glucose production.

However, its effects on energy expenditure, lipid metabolism and food intake provide a

rationale for combining glucagon signaling with the insulinotropic and appetite-reduc‐

ing effects of incretin agonists. The weight reductions observed with mazdutide and

survodutide support the feasibility of this approach [43–47]. Importantly, the potential

value of glucagon-containing therapies may extend beyond the magnitude of weight

loss. Survodutide and pemvidutide have demonstrated effects in metabolic liver dis‐

ease, while retatrutide produced marked reductions in hepatic and visceral fat

[46,48,49,58]. Given the close relationship between obesity, ectopic adiposity and



MASLD described earlier, these effects may be particularly relevant in patients in

whom hepatic disease constitutes a major component of the obesity phenotype.

Triple GLP-1/GIP/glucagon receptor agonism extends this concept further. The magni‐

tude of weight reduction observed with retatrutide in phase II studies indicates that

simultaneous engagement of three metabolic pathways can produce a particularly

strong treatment effect [54–56]. However, the additional findings regarding body

composition may be equally important. Reductions in total fat mass, visceral adipose

tissue and hepatic fat suggest that the metabolic consequences of treatment cannot

be fully represented by changes in total body weight [57,58]. This is particularly rele‐

vant given the limitations of BMI discussed earlier. If therapies differ in their effects on

visceral, hepatic and subcutaneous adiposity, similar reductions in body weight or BMI

could potentially be associated with different metabolic consequences. Future studies

incorporating body composition and ectopic fat measurements may therefore provide

clinically relevant information beyond conventional weight-based endpoints.

The reviewed evidence also supports the importance of amylin as a therapeutic path‐

way independent of classical incretin signaling. Cagrilintide produced clinically mean‐

ingful weight reduction as monotherapy, consistent with the physiological role of

amylin in satiation and gastric emptying [59,60]. More importantly, the greater efficacy

observed when cagrilintide was combined with semaglutide suggests that simultane‐

ous modulation of GLP-1 and amylin signaling may produce complementary effects on

appetite regulation [51,52,59]. This strategy differs conceptually from incorporating

additional receptor activity into a single co-agonist. Rather than increasing the num‐

ber of targets within the incretin–glucagon system, CagriSema combines two separate

hormonal pathways involved in satiation. The development of petrelintide indicates

continued interest in this approach, although its clinical evidence remains preliminary

[61]. These findings suggest that future improvements in efficacy may arise both from

multi-receptor molecules and from combinations targeting physiologically distinct

systems.

An important question is whether progressively greater percentage weight loss should

remain the principal measure used to compare these therapies. Weight reduction is

clearly clinically relevant and is associated with improvement in many obesity-related

complications. However, the multisystem consequences of obesity make it unlikely

that a single weight-based endpoint will fully characterize therapeutic benefit. The re‐

viewed studies already demonstrate divergence in the types of additional benefits ob‐

served. Tirzepatide has shown clinically relevant effects in obstructive sleep apnea,

glucagon-containing agonists have demonstrated substantial effects on hepatic



steatosis and MASH, and liraglutide has established cardiovascular benefit in patients

with T2DM [24,41,46,48,49]. As increasingly effective treatments become available,

their effects on cardiovascular disease, glycemic control, liver disease, sleep apnea,

physical function and other complications may become more important in distinguish‐

ing between agents that all produce substantial weight reduction.

This issue is also relevant to differences between patients with and without T2DM.

Across both semaglutide and tirzepatide trials, weight reduction was consistently

smaller in participants with T2DM than in corresponding populations without diabetes

[25,26,37,39]. The same general pattern is apparent with several emerging therapies.

Although the mechanisms underlying this difference are not fully established, altered

insulin sensitivity, β-cell function, concomitant medications and differences in meta‐

bolic phenotype may contribute. This finding emphasizes that obesity is biologically

heterogeneous and that efficacy observed in one population should not be assumed

to apply uniformly to another. It also suggests that future pharmacotherapy may in‐

creasingly be selected according to metabolic phenotype and associated disease

rather than according to BMI alone.

Interindividual variability is equally important within apparently similar populations.

Even highly effective therapies produce a wide distribution of responses, and mean

weight reduction may conceal patients with minimal response as well as those achiev‐

ing considerably greater weight loss. The liraglutide studies demonstrate that early

treatment response can predict longer-term efficacy, with substantially greater

weight reduction among individuals reaching the early-response threshold [22]. This

raises the possibility that treatment could increasingly incorporate early assessment

of therapeutic response rather than relying on prolonged exposure to an ineffective

agent. As the number of available mechanisms increases, identifying predictors of re‐

sponse to GLP-1, GIP, glucagon or amylin-based treatment could become particularly

valuable. At present, however, reliable biomarkers capable of guiding such selection

remain lacking.

The findings observed following treatment withdrawal or transition to placebo further

support the concept of obesity as a chronic, relapsing disease characterized by bio‐

logical defense of body weight. In STEP 4 and SURMOUNT-4, withdrawal was followed

by substantial weight regain, whereas continued treatment maintained or further in‐

creased weight reduction [28,42]. Pharmacotherapy therefore appears to control

rather than permanently eliminate the biological mechanisms promoting weight re‐

gain. This distinction has important implications for how efficacy is interpreted:



achieving substantial weight reduction during the first year of treatment does not

necessarily establish that the effect can be maintained after therapy is discontinued.

The requirement for prolonged treatment makes the route of administration and treat‐

ment burden increasingly relevant. The development of oral semaglutide demon‐

strates that peptide-based GLP-1 receptor agonism can achieve substantial efficacy

without subcutaneous administration, while orforglipron and danuglipron extend this

approach to non-peptide small molecules [30–36]. Oral therapy may be attractive to

patients reluctant to initiate injections and could potentially broaden treatment up‐

take. However, an oral formulation should not automatically be assumed to improve ad‐

herence. Once-daily treatment may be less convenient for some patients than a once-

weekly injection, and adherence under trial conditions may not reflect long-term per‐

sistence in routine clinical practice. The potential role of oral agents in maintaining

weight loss following injectable treatment, as investigated with orforglipron, intro‐

duces an additional strategy in which route and intensity of therapy could potentially

change over the course of treatment [34].

The requirement for chronic exposure also increases the importance of safety and tol‐

erability. Gastrointestinal adverse events remain the most consistent limitation across

GLP-1 receptor agonists, dual and triple agonists, and incretin–amylin combinations.

Their dose-dependent nature is particularly relevant as drug development increasingly

aims to maximize weight reduction through higher doses or broader receptor activa‐

tion. The relationship between titration and adverse events observed with several

agents suggests that maximal pharmacological potency may not always correspond to

the most clinically useful regimen. A treatment capable of greater average weight re‐

duction may offer limited additional benefit if adverse effects prevent a substantial

proportion of patients from reaching or maintaining the effective dose

[19,42,43,48,56,59].

The safety implications of newer receptor combinations also require longer observa‐

tion. Increases in heart rate reported with some glucagon-containing agonists warrant

continued evaluation, particularly because obesity itself is strongly associated with

cardiovascular disease. Although serious adverse events and severe hypoglycemia

have generally been uncommon in the available studies, absence of a safety signal in

relatively short clinical trials cannot establish long-term safety. This is particularly rele‐

vant for retatrutide, pemvidutide, petrelintide and other investigational agents for

which cumulative exposure remains substantially smaller than for liraglutide or

semaglutide. As pharmacotherapy moves toward chronic or potentially lifelong admin‐



istration, rare adverse events and effects of prolonged multi-receptor stimulation be‐

come increasingly relevant [19,43,48,56,59].

Limitations

This narrative review has several limitations. The search was restricted to PubMed,

Google Scholar, and ClinicalTrials.gov and to English-language sources. The struc‐

tured but non-systematic selection of publications may have introduced selection

bias, and no formal risk-of-bias assessment was performed.

Comparisons between therapies are limited by differences in study populations, dia‐

betes status, treatment duration, dose-escalation protocols, and methods used to es‐

timate treatment effects. Evidence also varies in maturity, with established therapies

supported by extensive phase III programmes and some investigational agents sup‐

ported mainly by phase I or II studies. Direct comparisons remain limited, and long-term

evidence on maintenance of weight reduction, safety, and obesity-related clinical out‐

comes is uneven across therapies. Consequently, differences in weight reduction re‐

ported in separate trials should not be interpreted as definitive evidence of one treat‐

ment’s superiority over another.

CONCLUSIONS

The pharmacological treatment of obesity has undergone substantial development,

shifting from agents with relatively modest efficacy toward therapies that directly tar‐

get physiological pathways involved in appetite, satiation, glucose metabolism, and

energy homeostasis. GLP-1 receptor agonism has established the clinical value of tar‐

geting these mechanisms, while the subsequent development of dual and triple re‐

ceptor agonists, amylin analogues, and combination therapies has considerably ex‐

panded the range of potential therapeutic strategies. Clinical trials have demonstrated

substantial weight reduction with newer pharmacological agents, with these effects

maintained during continued treatment over the respective study follow-up periods.

The clinical value of these therapies should not be assessed exclusively according to

the magnitude of body-weight reduction. Obesity is a heterogeneous multisystem dis‐

ease, and treatment should ultimately aim to improve obesity-related complications in

addition to reducing body weight. Emerging evidence of effects on glycemic control,

cardiovascular outcomes, obstructive sleep apnea, hepatic steatosis, MASH, visceral



adiposity, and body composition indicates that individual therapies may differ in their

broader metabolic effects. These differences may become increasingly relevant as

multiple agents capable of producing substantial weight reduction become available.

Despite considerable progress, several challenges remain. Gastrointestinal adverse

events continue to represent the principal tolerability limitation of most incretin- and

amylin-based therapies, while the long-term safety of newer multi-receptor agonists

remains to be established. Weight regain following treatment withdrawal further indi‐

cates that pharmacological control of obesity generally requires sustained therapy,

consistent with its chronic and relapsing nature. The limited duration of follow-up in

studies of emerging agents and the lack of sufficient direct comparisons between

treatments constrain the assessment of their long-term safety and relative clinical

benefits. Longer follow-up and further evaluation of cardiovascular and metabolic out‐

comes will therefore be necessary to define their relative roles in clinical practice.

Future research should prioritize the identification of predictors of treatment re‐

sponse, clarification of optimal treatment duration and maintenance strategies, and

assessment of long-term safety. Given the heterogeneity of obesity and the differ‐

ences in the metabolic effects of available therapies, treatment selection should inte‐

grate individual metabolic characteristics and comorbidities with demonstrated effica‐

cy, safety, tolerability, route of administration, accessibility, and patient preferences.

Such an approach may facilitate more individualized treatment strategies and support

the comprehensive long-term management of obesity.
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