


From Gut to Brain: The Neurohormonal Basis of Appetite Suppression and Gastric Emptying Delay by Semaglutide in Non-Diabetic Obesity
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Background:
Obesity is a multifactorial, chronic disease that is caused by dysregulation of the neurohormonal systems that regulate energy balance. Semaglutide, a long-acting glucagon-like peptide-1 receptor agonist (GLP-1 RA) has shown weight reductions of about 15% in randomised, phase 3 trials, better than all previous approved pharmacotherapies. Its efficacy reflects the simultaneous engagement of hypothalamic appetite circuits, peripheral satiety hormones, and enteric motility mechanisms.
Methods:
A narrative review of peer-reviewed literature published between 2015 and 2026 was conducted. Databases searched included PubMed (MEDLINE), Scopus, and Google Scholar. Evidence was organised across five mechanistic domains: GLP-1 receptor pharmacology, hypothalamic appetite regulation, peripheral satiety hormones, gut-brain axis signalling, and gastric motility. Evidence strength is noted throughout as derived from randomised trials, preclinical models, or observational studies.
Results:
Semaglutide suppresses appetite through direct GLP-1 receptor (GLP-1R) activation in the arcuate nucleus, inhibiting orexigenic NPY/AgRP neurons and potentiating anorexigenic POMC/CART signalling. Peripheral ghrelin suppression, enhanced postprandial insulin secretion, and augmented vagal afferent satiety signals further amplify this central effect. Gastric emptying delay, mediated through enteric GLP-1R activation, reduced vagal efferent cholinergic drive, and motilin suppression, prolongs postprandial distension and reinforces central satiety. This gastric effect is most pronounced during dose titration and attenuates with chronic dosing.
Conclusion:
Semaglutide produces clinically meaningful and durable weight loss by engaging the body's endogenous appetite-regulating systems at multiple levels simultaneously. Mechanistic gaps remain, particularly regarding neurobiological adaptation, individual response variability, and the gut microbiome's role in modulating GLP-1 signalling.
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1. Introduction
Obesity is one of the most significant chronic diseases of the 21st century, affecting an estimated 890 million adults worldwide and substantially increasing the risk of type 2 diabetes, cardiovascular disease, obstructive sleep apnoea, and all-cause mortality [1]. Although lifestyle modification remains the cornerstone of management, randomized controlled trials consistently show that it produces only modest weight loss, which is often difficult to sustain in individuals with established obesity [2]. This limited long-term efficacy has driven interest in pharmacological therapies that target the underlying neurobiological mechanisms of energy homeostasis rather than relying solely on voluntary caloric restriction.
Semaglutide (Ozempic, 1.0 mg; Wegovy, 2.4 mg; Novo Nordisk) is a synthetic GLP-1 RA engineered for once-weekly subcutaneous dosing. In the STEP clinical programme, semaglutide 2.4 mg produced mean weight loss of 14.9% over 68 weeks in adults with obesity without diabetes, nearly three times the reduction achieved with older agents such as orlistat or phentermine-topiramate in comparable populations [3]. This magnitude of effect raised an obvious mechanistic question: how does activation of a single receptor class produce such a coordinated and comprehensive reduction in energy intake?
The answer lies not in a single mechanism but in the convergence of at least three semi-independent neurohormonal systems: central hypothalamic appetite circuits, peripheral satiety hormones, and enteric motility control. This review synthesises the mechanistic evidence underpinning each of these systems, traces how semaglutide engages them pharmacologically, and connects these findings to the clinical outcomes observed in randomised trials. Gaps in the neurobiological understanding of long-term GLP-1R agonism in non-diabetic obesity are identified throughout and consolidated in the discussion.

2. Methods
2.1 Study Design and Rationale
This review was conducted as a narrative synthesis of mechanistic and clinical evidence. A systematic review design was not selected because the primary objective was to build an integrated explanatory model, mapping how receptor-level pharmacology translates into appetite suppression, altered gastric function, and ultimately weight loss, not to estimate a pooled treatment effect. Heterogeneous study designs (rodent electrophysiology, human scintigraphy, randomised trials, observational studies) are combined here in a manner that tabulation or meta-analysis would obscure. This approach is consistent with established practice for mechanistic narrative reviews in endocrinology and neurogastroenterology.
2.2 Eligibility Criteria
Peer-reviewed original research articles, systematic reviews, meta-analyses, and authoritative clinical guidelines published in English between January 2015 and April 2025 were eligible. The ten-year window captures the bulk of the modern mechanistic literature on GLP-1 RA pharmacology while excluding older studies where more recent evidence supersedes them. Studies were included if they examined at least one of five mechanistic domains: (i) GLP-1R pharmacology and receptor-level signalling in the CNS or gastrointestinal tract; (ii) hypothalamic appetite regulation, specifically POMC/CART and NPY/AgRP neuronal populations; (iii) peripheral appetite-regulating hormones, including ghrelin, leptin, and insulin; (iv) gut-brain axis signalling, encompassing vagal afferent and efferent pathways; and (v) gastric emptying kinetics and enteric nervous system modulation.
Studies were excluded if they reported exclusively on glycaemic control without appetite or motility outcomes, were limited to pharmacokinetic characterisation without receptor-level reporting, or were published in non-English languages. Conference abstracts and editorials without primary data were excluded.
2.3 Search Strategy
A structured search of PubMed (MEDLINE), Scopus, and Google Scholar was conducted between February and April 2025. Search terms were organised into five thematic clusters mirroring the mechanistic domains above, combining MeSH headings with free-text terms. Boolean operators linked terms within and across clusters. Reference lists of included articles were manually screened (citation chaining) to recover relevant studies not captured by database searches.
2.4 Data Extraction and Synthesis
For each included article, the following were extracted: study design, population, intervention or exposure, mechanistic or clinical outcomes, and key findings. Findings were organised thematically and mapped onto an integrated mechanistic framework. Where evidence derived from animal models supplements human data, translational limitations are noted. Conflicting findings are presented with the basis for disagreement. Evidence strength is characterised throughout as randomised trial-level, meta-analytic, observational, or preclinical.
2.5 Reporting Standards
This review was prepared in accordance with the Scale for the Assessment of Narrative Review Articles (SANRA). Abbreviations are defined at first mention and used consistently thereafter.

3. Semaglutide: Receptor Pharmacology and Signalling Basis
Native GLP-1 is a 30-amino acid incretin peptide secreted by intestinal L-cells. Its intravenous half-life is approximately 1.5 minutes, as it is rapidly inactivated by dipeptidyl peptidase-4 (DPP-4) cleavage. Semaglutide addresses this pharmacokinetic limitation through three structural modifications: acylation of lysine at position 26 with a C-18 fatty diacid chain, which drives albumin binding and reduces renal clearance; substitution of alanine with alpha-aminoisobutyric acid at position 8, which confers DPP-4 resistance; and substitution of lysine with arginine at position 34, which prevents off-target fatty acid binding. Together, these modifications extend plasma half-life to approximately seven days, underpinning once-weekly dosing [4].
GLP-1Rs are G protein-coupled receptors coupled primarily to Gs proteins. Upon ligand binding, adenylyl cyclase is activated, intracellular cyclic AMP (cAMP) rises, and protein kinase A (PKA) and exchange proteins activated by cAMP (EPAC) are recruited [5, 6]. In hypothalamic neurons, this cascade modulates ion channel conductance and synaptic transmission. In enteric neurons and gastric smooth muscle, it alters contractile activity. The same receptor mediates qualitatively different functional outcomes depending on the cell type expressing it, a point of mechanistic significance because semaglutide, unlike endogenous GLP-1, achieves sustained plasma concentrations sufficient to engage GLP-1Rs in the brain directly, not only through vagal relay.
GLP-1Rs are expressed in the pancreatic beta cell, hypothalamic nuclei, brainstem, nodose ganglion, gastric antrum, and cardiovascular system [5]. In non-diabetic individuals with obesity, the clinically relevant pharmacodynamic targets for weight loss are the central nervous system and gastrointestinal tract. This anatomical distribution enables semaglutide to engage both appetite circuits and gastric motility simultaneously. Semaglutide’s pharmacological effects are shaped by the anatomical distribution of GLP-1 receptors across central, peripheral, and gastrointestinal tissues. Figure 1 illustrates how these sites interact to produce coordinated appetite suppression, enhanced satiety signalling, and delayed gastric emptying.
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4. Hypothalamic Appetite Circuits: Central Targets of GLP-1R Agonism
4.1 The Arcuate Nucleus and Melanocortin Axis
The arcuate nucleus (ARC) of the hypothalamus functions as the primary energy-sensing hub, integrating peripheral metabolic signals and translating them into feeding behaviour. Within the ARC, two functionally antagonistic neuronal populations determine the balance between hunger and satiety [7]. Pro-opiomelanocortin and cocaine-and-amphetamine-regulated transcript (POMC/CART) neurons are anorexigenic: when activated, they release alpha-melanocyte-stimulating hormone (alpha-MSH), which binds melanocortin-3 and melanocortin-4 receptors (MC3R/MC4R) in the paraventricular nucleus (PVN), reducing food intake and increasing energy expenditure [8]. Neuropeptide Y and agouti-related peptide (NPY/AgRP) neurons are orexigenic: their activation stimulates NPY receptors and antagonises MC3R/MC4R, driving food-seeking behaviour.
Preclinical studies demonstrate that GLP-1Rs are expressed on both neuronal populations in the ARC, with functional consequences. Rodent studies using targeted receptor approaches show that GLP-1R signalling in the ARC is necessary for the full anorectic effect of systemic GLP-1 RA administration, with semaglutide suppressing NPY/AgRP neuronal activity and potentiating POMC/CART firing across distributed neural pathways [9]. The net effect is a shift in the melanocortin axis toward sustained anorexigenic tone, not a transient postprandial signal but a maintained neurobiological state that reduces the drive to eat between meals.
This central mechanism distinguishes semaglutide from earlier pharmacotherapies. Phentermine drives catecholaminergic suppression of appetite through monoaminergic pathways largely separate from the melanocortin axis. Semaglutide engages the endogenous energy-sensing circuitry, mimicking and amplifying the physiological response to nutrient ingestion.
4.2 Reward Circuitry and Hedonic Feeding
Appetite regulation extends beyond hypothalamic homeostatic circuits. Hedonic feeding (eating driven by reward rather than caloric need) involves dopaminergic signalling in the mesolimbic system. A randomised crossover trial in humans demonstrated that semaglutide reduced appetite, energy intake, and food cravings, including for high-fat foods, compared with placebo, consistent with attenuation of the motivational salience of palatable food [10]. This suggests semaglutide may be particularly effective in individuals whose obesity is driven by reward-based overconsumption, though prospective evidence stratifying response by eating phenotype remains limited.

5. Peripheral Satiety Hormones: Ghrelin, Leptin, and Insulin
5.1 Ghrelin Suppression
Ghrelin is the only identified peripheral orexigenic hormone. Secreted primarily by gastric oxyntic cells, it acts on growth hormone secretagogue receptors (GHSR) in the hypothalamus to stimulate NPY/AgRP neurons and drive pre-meal hunger [11]. In obesity, fasting ghrelin concentrations are typically lower than in lean individuals but postprandial suppression is blunted. Semaglutide treatment is associated with reductions in fasting ghrelin concentrations and improved postprandial suppression, with a randomised trial in obese adults confirming reduced hunger, prospective food consumption, and food cravings compared with placebo [12]. A systematic review of semaglutide's appetite and gastric emptying effects in non-diabetic obese adults confirmed coordinated suppression of ghrelin as a component of its appetite-regulating mechanism [13].
5.2 Leptin and the Resistance Problem
Leptin is an adipocyte-derived hormone that communicates long-term energy stores to the hypothalamus, inhibiting NPY/AgRP neurons and activating POMC/CART neurons proportionally to fat mass. In obesity, despite markedly elevated circulating leptin concentrations, hypothalamic leptin receptor signalling is impaired, a phenomenon termed leptin resistance, characterised by reduced STAT3 phosphorylation and upregulation of suppressor of cytokine signalling-3 (SOCS3) [14, 35]. This resistance renders the physiological leptin satiety signal ineffective, perpetuating hyperphagia.
Semaglutide does not directly restore leptin receptor sensitivity. A prospective study in non-diabetic obese women found that although body fat mass and leptin concentrations fell with semaglutide treatment, no improvement in leptin receptor signalling was observed at the hypothalamic level [15]. However, weight loss itself may partially reverse leptin resistance over time through reductions in endoplasmic reticulum stress and inflammatory cytokine signalling in the hypothalamus.
5.3 Postprandial Insulin Signalling
In non-diabetic individuals, semaglutide augments glucose-dependent insulin secretion from pancreatic beta cells without meaningfully altering fasting insulin levels [16]. The resulting postprandial hyperinsulinaemia contributes to satiety through hypothalamic insulin receptor activation. Randomised studies in obese adults indicate that insulin suppresses NPY/AgRP neuronal activity and upregulates POMC expression, acting as an anorexigenic signal in the fed state, with brain insulin resistance contributing to hyperphagia in obesity [17]. By amplifying the postprandial insulin response, semaglutide reinforces the central satiety signal at a time when caloric intake is most relevant to energy balance.

6. The Gut-Brain Axis: Vagal Signalling and Brainstem Integration
The gut-brain axis is a bidirectional, multimodal communication system linking enteroendocrine, immune, and neural signals from the gastrointestinal tract to the CNS. Its core neural substrate is the vagus nerve, whose afferent fibres carry chemosensory and mechanosensory signals from the gut wall to the nucleus of the solitary tract (NTS) in the brainstem, which in turn relays processed satiety information to the hypothalamus and limbic system [18]. GLP-1 plays a central role in this relay system. L-cells in the distal small intestine and colon secrete GLP-1 in response to luminal nutrients; the hormone activates GLP-1Rs on vagal afferent terminals in the intestinal wall and portal vein, generating satiety signals that travel to the NTS via nodose ganglion neurons [19]. A vagal afferent knockout study confirmed that GLP-1R signalling in this pathway is necessary for the full anorectic effect of peripherally administered GLP-1 RA [20].
Semaglutide operates on this system at two levels simultaneously. Peripherally, its DPP-4 resistance and prolonged plasma half-life mean that GLP-1Rs on vagal afferents remain occupied between meals, maintaining a baseline anorexigenic tone that endogenous GLP-1 cannot sustain. Centrally, semaglutide concentrations in plasma are sufficient (particularly near peak drug levels post-injection) to bypass the blood-brain barrier through the circumventricular organs, most importantly the area postrema (AP). The AP lacks a conventional tight-junction barrier, and GLP-1Rs there are directly accessible to circulating peptides. Studies in rodents demonstrate that GLP-1R-expressing neurons in the NTS and AP mediate key aspects of GLP-1 RA-induced satiety and weight loss, with AP GLP-1R activation projecting to the NTS and amplifying satiety signalling independent of vagal afferent input [22]. This dual peripheral-central engagement is a pharmacological property not shared by endogenous GLP-1, which is largely degraded before reaching the brain.
Within the NTS, GLP-1R activation suppresses orexigenic output and enhances meal-induced satiety. The NTS also communicates bidirectionally with the dorsal motor nucleus of the vagus (DMV), which governs efferent vagal output to the gastrointestinal tract [21]. This descending control pathway is a key substrate through which brainstem GLP-1R activation reduces gastric contractility, as discussed in Section 7.

7. Gastric Emptying: Mechanisms, Time-Course, and Adaptation
7.1 Mechanisms of Delayed Gastric Emptying
Delayed gastric emptying prolongs mechanical distension of the stomach wall, slows intestinal nutrient absorption, and sustains postprandial satiety by maintaining GLP-1 and peptide YY secretion from L-cells over a longer postprandial window [23, 34]. These effects reduce meal size and inter-meal appetite, reinforcing the central appetite suppression described in Sections 4 and 6. Semaglutide delays gastric emptying through at least four coordinated mechanisms.
First, GLP-1R activation within the enteric nervous system reduces antral contractility, slowing the trituration and propulsion of chyme [24]. Second, pyloric tone is increased, creating a functional resistance at the gastroduodenal junction. Third, semaglutide reduces cholinergic efferent drive to gastric smooth muscle by activating GLP-1Rs in the brainstem, specifically the DMV. Acetylcholine normally drives phasic gastric contractions; its suppression via descending vagal inhibition reduces contractile amplitude and frequency [25]. Fourth, semaglutide suppresses motilin, a hormone produced by enteroendocrine Mo-cells that initiates the migrating motor complex (MMC) during fasting. Reduced motilin activity prolongs the inter-MMC interval, further delaying gastric clearance between meals [26]. A systematic review of semaglutide's effects in non-diabetic obese adults documented these converging mechanisms and their collective contribution to appetite suppression and weight reduction [13].
7.2 Acute vs Chronic Effects: The Adaptation Problem
A clinically important distinction exists between the acute and chronic gastric effects of semaglutide. A randomised trial of semaglutide 2.4 mg in 72 adults with obesity found that at 20 weeks, the gastric emptying delay assessed by paracetamol absorption was modest and non-significant when corrected for weight loss, despite significant reductions in appetite, energy intake, and food cravings [24]. This attenuation relative to earlier dose-escalation phases suggests that gastric adaptation occurs with chronic dosing, attributed to post-receptor downregulation and desensitisation of enteric GLP-1Rs [27]. The STEP trials demonstrate sustained weight loss over 68 weeks despite this adaptation [3], suggesting either that central appetite-suppressing mechanisms do not adapt in parallel, or that the residual gastric effect remains physiologically meaningful. Prospective mechanistic studies tracking both gastric emptying and central appetite biomarkers longitudinally in non-diabetic obesity are needed to resolve this question.
Nausea, vomiting, and constipation (the most common adverse effects of semaglutide) are mechanistically attributable to the gastrointestinal effects described above [28]. Their typical transience and dose-dependence reflect the partial adaptation of enteric GLP-1R signalling with continued exposure. Gradual dose escalation, the standard clinical approach, reduces the magnitude of the initial gastric emptying delay and correspondingly lowers early gastrointestinal intolerance. The mechanisms described across central appetite circuits, peripheral hormonal signalling, gut-brain communication, and gastric motility converge to produce a coordinated reduction in energy intake. 
Table 1 : These integrated pathways are summarised.





	Domain
	Target site
	Mechanism
	Physiological effect
	Net outcome
	Evidence basis

	Central appetite regulation
	Arcuate nucleus, including NPY/AgRP and POMC/CART neurons
	GLP-1R activation suppresses orexigenic NPY/AgRP activity and supports anorexigenic POMC/CART signalling
	Shifts hypothalamic signalling toward satiety
	Sustained appetite suppression
	Mainly preclinical evidence, with translational support from human appetite studies

	Central reward regulation
	Reward-related brain circuits, including mesolimbic pathways
	Semaglutide reduces food cravings and preference for highly palatable foods
	Lowers the motivational pull of food cues
	Reduced reward-driven eating
	Human appetite and food-preference studies, although the exact neural mechanism remains incompletely defined

	Peripheral hormones
	Ghrelin-producing cells in the stomach
	Semaglutide is associated with lower fasting hunger signals and improved postprandial ghrelin suppression
	Reduces hunger drive before and after meals
	Lower meal initiation and reduced appetite
	Human appetite studies and systematic review evidence

	Peripheral hormones
	Pancreatic beta cells and hypothalamic insulin signalling pathways
	Semaglutide enhances glucose-dependent postprandial insulin secretion
	Reinforces fed-state satiety signalling
	Supportive post-meal satiety
	Human metabolic studies, with mechanistic support from brain insulin research

	Peripheral hormones
	Adipocytes and hypothalamic leptin pathways
	Leptin levels fall as fat mass decreases, but direct restoration of leptin sensitivity by semaglutide remains unproven
	May influence long-term energy-balance adaptation
	Indirect and uncertain contribution to sustained appetite regulation
	Limited human evidence; mechanism remains uncertain

	Gut-brain axis
	Vagal afferents, nucleus tractus solitarius, and area postrema
	GLP-1R activation strengthens peripheral and central satiety signalling
	Enhances gut-derived satiety input and reduces orexigenic output
	Maintained anorexigenic tone
	Preclinical and translational evidence

	Gastric motility
	Enteric neurons, gastric antrum, pylorus, and dorsal motor nucleus of the vagus
	Semaglutide reduces antral contractility, increases pyloric tone, reduces vagal cholinergic drive, and may involve motilin-related effects
	Delays gastric emptying, especially early in treatment, with attenuation during chronic dosing
	Prolonged postprandial fullness and reduced meal size
	Human gastric-emptying studies, supported by mechanistic gastrointestinal evidence




8. Clinical Translation: From Mechanism to Weight Loss Outcomes
The STEP programme randomised more than 3,000 adults with obesity (without diabetes) to semaglutide 2.4 mg weekly or placebo. Across STEP 1, 3, and 4, mean weight loss with semaglutide ranged from 14.9% to 17.4% at 68 weeks, with approximately one-third of participants achieving reductions exceeding 20% [3]. These outcomes substantially exceed those reported with older single-mechanism pharmacotherapies, consistent with the multi-mechanism model described in this review. The convergence of central appetite suppression, ghrelin reduction, augmented postprandial insulin satiety signalling, and gastric emptying delay produces a quantitatively greater caloric deficit than any single mechanism could achieve independently.
Clinically meaningful cardiometabolic benefits accompanied weight loss in the STEP trials, including reductions in blood pressure, circulating triglycerides, and glycated haemoglobin. The cardiovascular benefits of GLP-1 RAs have been demonstrated in prospective outcomes trials conducted in patients with type 2 diabetes, most notably SUSTAIN-6 [30]; comparable benefits in non-diabetic obesity have now been confirmed in the SELECT trial, which demonstrated a 20% reduction in major adverse cardiovascular events with semaglutide 2.4 mg in 17,604 adults with obesity and established cardiovascular disease but without diabetes [32]. The neurohormonal mechanisms by which weight loss translates into cardiovascular risk reduction remain incompletely characterised, though reductions in adipose-driven inflammation, improved insulin sensitivity, and direct GLP-1R effects on cardiomyocytes and vascular endothelium are candidate pathways.
Individual variability in weight loss response is a recognised clinical challenge. Randomised trial data show a broad distribution of outcomes around the mean: some participants achieve greater than 25% weight reduction; others lose less than 5%. The determinants of this variability are not fully understood, but candidate factors include pre-treatment ghrelin dynamics, baseline leptin resistance severity, gut microbiome composition, GLP-1R genotype, and behavioural determinants of caloric compensation. A systematic review of semaglutide in non-diabetic obese adults identified appetite regulation and gastric emptying as key mechanistic contributors to weight outcomes, but also underscored that individual hormonal profiles may substantially modify the degree of response [13]. Identification of neurohormonal predictors of response, potentially using validated biomarkers of hypothalamic GLP-1R sensitivity, represents a priority for personalised obesity pharmacotherapy [38].
The positioning of semaglutide relative to other anti-obesity therapies is increasingly shaped by its mechanism. Orlistat inhibits pancreatic lipase and reduces fat absorption but has no central appetite effect. Phentermine-topiramate acts centrally through catecholaminergic and GABAergic pathways largely distinct from GLP-1 signalling. Tirzepatide, a dual GIP and GLP-1 receptor agonist, produces weight loss of up to 22.5% at the highest dose in randomised trials, exceeding semaglutide [31]. This incremental benefit may reflect synergistic action of GIP receptor activation on hypothalamic reward circuits and adipose lipid metabolism, though the mechanistic basis of the incremental effect over semaglutide monotherapy has not been fully resolved. Combining semaglutide with structured dietary and behavioural intervention further improves outcomes [29].
Following the discussion of clinical outcomes, Table 2 places semaglutide in context by comparing its mechanism, primary sites of action, typical weight-loss outcomes, and key limitations with selected older and newer anti-obesity therapies.

Table 2: Different drugs and their mechanism of action








	Drug
	Mechanism of action
	Primary site of action
	Typical weight loss reported in clinical trials
	Key limitations and adverse effects

	Semaglutide
	GLP-1 receptor agonist that enhances satiety, suppresses appetite, reduces food cravings, and delays gastric emptying
	Central nervous system, especially hypothalamic and brainstem appetite circuits; gut-brain axis; gastrointestinal tract
	Approximately 14.9% to 17.4% in STEP trials [3]
	Gastrointestinal symptoms, including nausea and vomiting; weight regain after discontinuation [36,37]

	Orlistat
	Pancreatic and gastric lipase inhibitor that reduces dietary fat absorption
	Gastrointestinal tract
	Approximately 5.0% to 7.0% [2]
	Steatorrhoea, faecal urgency, gastrointestinal discomfort, poor adherence, and reduced absorption of fat-soluble vitamins

	Phentermine-topiramate
	Centrally acting combination therapy involving sympathomimetic appetite suppression and topiramate-related appetite modulation
	Central nervous system
	Approximately 8.0% to 10.0% [2]
	Insomnia, dizziness, dry mouth, cognitive effects, increased heart rate, and teratogenic risk

	Tirzepatide
	Dual GIP and GLP-1 receptor agonist that enhances satiety and metabolic regulation
	Central nervous system and peripheral metabolic tissues
	Up to approximately 22.5% at the highest dose in randomised trials [31]
	Gastrointestinal symptoms and limited long-term data compared with older therapies





9. Discussion
The mechanistic picture assembled in this review supports a model of semaglutide action that is fundamentally integrative. It does not work primarily by suppressing appetite or primarily by slowing the stomach. It works by engaging both simultaneously through receptor systems anatomically distributed across the arcuate nucleus, brainstem, vagal circuitry, and enteric nervous system. This multi-level engagement is, in all probability, why its clinical efficacy substantially exceeds that of agents targeting only one of these systems.
Several mechanistic uncertainties deserve explicit acknowledgement. The first concerns neurobiological adaptation. Gastric emptying delay attenuates with chronic dosing [27]. Whether hypothalamic GLP-1R signalling undergoes analogous desensitisation is unknown. Rodent studies suggest some degree of POMC/CART adaptation with prolonged GLP-1 RA exposure [9], but direct human evidence measuring hypothalamic neuronal activity longitudinally is unavailable. The durability of central appetite suppression over years of treatment cannot be inferred from the mechanisms described here. Clinical evidence from the STEP programme demonstrates that discontinuation of semaglutide results in substantial weight regain: participants who stopped treatment after 20 weeks regained approximately half of prior weight loss within one year, and those who discontinued after 68 weeks regained approximately two-thirds [36, 37]. This underscores that semaglutide suppresses appetite and body weight only for as long as it is administered, consistent with a pharmacological rather than disease-modifying mechanism.
The second uncertainty concerns the population specificity of the evidence base. Most mechanistic studies were conducted in rodent models or in individuals with type 2 diabetes. The core GLP-1R signalling pathways are conserved, but metabolic context matters. Hyperinsulinaemia, chronic hyperglycaemia, and the neuroinflammatory state of established type 2 diabetes alter hypothalamic insulin signalling, leptin sensitivity, and vagal afferent function in ways not present in non-diabetic obesity. A systematic review specifically examining non-diabetic obese adults found that the appetite and gastric emptying responses to semaglutide were consistent with mechanistic predictions, but also highlighted limited direct neurobiological evidence in this specific population [13].
The third uncertainty is the role of the gut microbiome. Observational and experimental data indicate that obese individuals have altered intestinal microbial composition relative to lean controls. The gut microbiota modulates GLP-1 secretion from L-cells through short-chain fatty acid production and bile acid signalling, and dysbiosis in obesity may impair this endogenous GLP-1 secretory pathway [33], potentially limiting the baseline satiety tone onto which semaglutide acts. Whether baseline microbiome composition modifies the pharmacodynamic response to semaglutide remains an emerging and largely unanswered question.
Finally, the SELECT trial has now established that semaglutide 2.4 mg reduces major adverse cardiovascular events in adults with obesity and established cardiovascular disease but without diabetes [32]. This extends the mechanistic relevance of neurohormonal weight loss beyond appetite regulation into cardiometabolic risk modification, and underscores that the integrated effects of semaglutide on body weight, inflammation, and vascular biology collectively translate into clinically meaningful outcomes.

10. Conclusion
Semaglutide achieves clinically meaningful and sustained weight loss in non-diabetic adults with obesity through the convergent engagement of central appetite circuits, peripheral satiety hormones, and enteric motility control. GLP-1R activation in the arcuate nucleus suppresses orexigenic NPY/AgRP signalling and potentiates anorexigenic POMC/CART activity. Peripheral ghrelin suppression, enhanced postprandial insulin anorexigenic signalling, and augmented vagal satiety afference reinforce this central effect. Gastric emptying delay, mediated through enteric GLP-1R activation, cholinergic inhibition via the DMV, and motilin suppression, extends postprandial distension and prolongs the peripheral satiety signal. Together, these mechanisms produce a sustained reduction in caloric intake that is proportionally larger than any single pathway could achieve.
However, mechanistic gaps remain. The degree to which hypothalamic GLP-1R signalling adapts chronically, the neurobiological basis of inter-individual response variability, and the contribution of the gut microbiome to pharmacodynamic outcomes are unresolved. Dedicated mechanistic investigation in non-diabetic obesity, using longitudinal neuroimaging, validated appetite biomarkers, and microbiome characterisation, will be needed to fully account for why some individuals achieve profound and durable weight loss and others do not.
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Figure 1. Anatomical Distribution and Integrated Mechanisms of Semaglutide Action
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