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Abstract
Obesity is a global epidemic and a complex chronic condition associated with various noncommunicable chronic diseases (NCDs) and
has a substantial economic impact. In this context, glucagon-like peptide-1 (GLP-1) analogues and polyagonists, such as liraglutide,
semaglutide, and tirzepatide, emerge as pharmacological innovations. This study conducted a descriptive literature analysis focusing
on the mechanisms of action and clinical impacts of these drugs in obesity management, alongside the regulatory landscape and
their challenges regarding implementation, market access, and policy implications. The review demonstrated that these medications
modulate the incretin axis, delay gastric emptying, and act on neural appetite centers, resulting in significant weight loss and improved
cardiometabolic parameters. However, the analysis identified that treatment discontinuation is associated with substantial weight
regain, highlighting that weight loss is maintained long-term only with continuous therapy and integration with lifestyle changes.
Furthermore, the study emphasized that access is severely limited by high costs and by patent barriers, regulatory and policy frameworks
that hinder generic competition and health system coverage. In summary, while GLP-1 analogues represent amajor therapeutic advance,
their broader impact on public health depends on overcoming challenges related to treatment sustainability and equity of access.
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1. Introduction
Obesity is a severe global public health crisis affecting populations
worldwide. Its classification is based on the body mass index
(BMI), calculated as weight in kilograms divided by height in
meters squared. An adult is considered to have obesity when
presenting a BMI equal to or greater than 30, according to the
criteria of the World Health Organization (WHO) [1]. Obesity is
a multifactorial disease, strongly influenced by genetic factors, an
obesogenic environment, and psychosocial aspects [1].

The global prevalence of obesity among adults doubled between
1990 and 2022. In 2022, this increase resulted in 2.5 billion adults
living with overweight, of whom890million had obesity [1].What
was once regarded as a concern mainly of high-income countries
has become an epidemic affecting middle- and low-income na-
tions. Regionally, the trend is most pronounced in the Americas,
which recorded the highest prevalence of overweight, affecting
67% of adults, followed by the African and South-East Asian
regions, where 31% of adults were overweight [1].

The situation in the United States is particularly severe, with an
average obesity prevalencemore than twice that observed in other
G7 countries. The crisis also affects younger populations, one
in five children older than 6 years in the United States has obesity.

This is especially alarming because approximately 80% of adoles-
cents with obesity are likely to remain obese in adulthood [2].

Several noncommunicable chronic diseases (NCDs) are associated
with obesity. In children and adults, obesity increases the risk of
type 2diabetesmellitus (T2DM), respiratory disorders, joint prob-
lems, gallstones, and gallbladder dysfunction, as well as elevated
cholesterol levels and blood pressure [3]. Overweight and obesity
are among the four key metabolic abnormalities that increase the
risk ofNCDs, including cardiovascular diseases, which account for
the largest share of premature deaths [4].

Worldwide, obesity also imposes a substantial economic burden.
In England, for example, the National Health Service (NHS)
spends 11.4 billion pounds annually on obesity, in addition to
the costs of related comorbidities. When indirect costs such as
unemployment, loss of productivity, and social care are included,
this figure rises to 74.3 billion pounds per year [5]. In the United
States, medical expenditures attributable to obesity reached 173
billion dollars in 2019 [6]. An adult with obesity incurs 1861 US
dollars in additional annualmedical costs comparedwith a person
of normal weight, and for severe obesity, this excess cost can reach
3097 US dollars per person [6].
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Given this challenging scenario, pharmacotherapy with glucagon-
like peptide-1 (GLP-1) analogues has emerged as a transformative
innovation in obesitymanagement. These drugs offer a newoption
for patients who previously failed to achieve clinically meaningful
weight loss or to maintain weight loss through behavioral and
lifestyle changes alone [5]. In this context, these agents elicit a
muchmore potent activation of GLP-1 receptors than the endoge-
nous hormone. The main drugs in this class include semaglutide,
liraglutide, exenatide, and orforglipron [7].

The primary mechanism of action of these medications is the acti-
vation of pancreatic GLP-1 receptors, leading to increased insulin
secretion and reduced glucagon secretion, two hormones that are
glucose-dependent [7]. Weight loss and the sensation of satiety
are likely induced throughmultiple central and peripheralmecha-
nisms which, in addition to hormonal changes, include activation
of the ileal brake, delayed gastric emptying, increased satiety
and resting energy expenditure, and effects on the parietal and
orbitofrontal cortex, the hypothalamus, and the brainstem [8].

In the United States, exenatide became the first GLP-1 receptor
agonist approved for the treatment of diabetes in 2005 [9], and
only later, in 2014, was liraglutide approved for obesity [10]. The
choice of therapy for T2DMshould be based on a patient-centered,
shared-decision approach that takes into account efficacy, safety,
comorbidities, and individual preferences [11]. For type 1 diabetes
mellitus, these agents may be used as adjunctive treatments to in-
sulin [11]. The use of GLP-1 analogues has expanded owing to their
proven long-term efficacy in weight control, as demonstrated in
clinical trials [12].However, this clinical success contrastswith the
increasing misuse of these drugs. The growing and uncontrolled
demand for thesemedications to achieve rapid weight loss, driven
mainly by influencers and social media, has led to a dangerous
rise in off-label use, beyond approved indications, for purely aes-
thetic purposes. This popularity is reinforced by an increasingly
favorable public perception, directly shaped by the aesthetics in-
dustry [13]. The accelerated demand and subsequent shortages
have fostered the proliferation of compounded and counterfeit
products which, together with aggressive marketing, raise serious
safety and regulatory concerns for health care systems [14].

Complementary studies are therefore needed to assess the long-
term impacts of GLP-1 analogues, as they represent a relatively
new class of medications [15]. This also underscores the urgent
need to establish guidelines to govern aesthetic use and promote
responsible prescribing [13]. Moreover, choosing the most appro-
priate treatment remains a highly individualized decision [15].
Given the rapidly expanding literature, there is a clear need for
an up-to-date narrative review. This study aims to provide a
concise overview of the mechanisms of action and clinical effects
of these medications, while discussing the regulatory and policy
frameworks implications of their use.

1.1. Search strategy and data sources

This study is a narrative review of the literature concerning the
mechanisms of action, clinical impacts, and regulatory landscape
of GLP-1 receptor agonists in obesity management. The primary
search was conducted in PubMed/MEDLINE, focusing on studies
published between 2005 (the date of the first GLP-1 analog

approval) and 2025; the final search was completed in October
2025. Additionally, official reports from international health or-
ganizations such as theWHO, the Centers for Disease Control and
Prevention (CDC), and the NHS, as well as regulatory documents
from the U.S. Food and Drug Administration (FDA) and Brazil’s
National Health Surveillance Agency (ANVISA), were consulted.

The search process utilized combinations of the following terms
and Boolean operators:

-GLP-1 receptor agonists AND obesity;

-GLP-1 receptor agonists AND obesity AND (body composi-
tion OR eating habits OR dietary habits OR food intake);

-Obesity AND (chronic disease OR type 2 diabetes OR cardio-
vascular disease OR hypertension);

-Obesity AND chronic disease AND Brazil.

1.2. Eligibility criteria

To ensure the inclusion of high-quality evidence, specific filters
were applied during the database search, where eligible study
types included randomized controlled trials (RCTs), adaptive clin-
ical trials, multicenter studies, comparative studies, observational
studies, systematic reviews, meta-analyses, and clinical practice
guidelines. Furthermore, official consensus protocols and reports
from governmental health agencies were included to address the
regulatory and economic scope, while exclusion criteria were ap-
plied to studies that were not original research (unless official
guidelines or reports), articles with poorly definedmethodologies,
and works that did not align with the dual focus on physiological
mechanisms and socio-economic barriers to treatment.

1.3. Selection and data synthesis

The selection process involved an initial screening of titles and
abstracts, followed by a full-text analysis of the remaining docu-
ments to ensure thematic alignment. Since the searchwas primar-
ily centered on the PubMed database using comprehensive filters,
formal software-based duplicate removal was not required.

The initial database search yielded 904 records, which were
screened based on title relevance and abstract alignment to iden-
tify the core literature. Following the exclusion of articles that
did not meet the thematic scope or presented poorly defined
methodologies, a final subset of 12 primary studies was selected
for full-text analysis and descriptive synthesis. Given the nature of
this study as a narrative literature review, the selection and evalu-
ation of the included literature were conducted qualitatively by a
single reviewerwithout formal blinding. The authors acknowledge
that this approach inherently introduces selection bias. Further-
more, standard quality assessment tools or risk-of-bias evalua-
tions (such as Cochrane RoB or AMSTAR 2) were not applied, as
they are tailored for systematic reviews and meta-analyses, which
falls outside the scope of this descriptive overview. This review
aims to summarize the current landscape of obesity treatments
rather than to perform a quantitative or comparative evaluation
of clinical trials.

ACADEMIA DRUG DEVELOPMENT AND PHARMACOTHERAPY 2026, 2 2 of 16

https://doi.org/10.20935/AcadDrug8360


https://doi.org/10.20935/AcadDrug8360

2. Review findings and discussion

2.1. Pathophysiological mechanisms of obesity

Obesity is a complex condition directly linked to the dysreg-
ulation of several physiological, hormonal, and satiety mecha-
nisms, which serve as the primary targets for weight-loss med-
ications [16]. These pathophysiological impacts are closely in-
terconnected with other metabolic disorders, including T2DM,
hyperlipidemia, hypertension, and cardiovascular diseases [17]. A
central element in this network is the pathogenesis of insulin re-
sistance (IR), which is intrinsically linked to fat accumulation and
characterized by reduced tissue responsiveness to insulin [18].
Because the skeletal muscle is the principal site of postprandial
glucose uptake [18], any reduction in skeletalmusclemass directly
impairs glucose metabolism and intensifies IR [19].

In parallel, body-weight homeostasis involves systemic neuroen-
docrine dysregulation, such as alterations in the hypothalamic–
pituitary–adrenal (HPA) axis and cortisol activity. Cortisol plays
a key role in fat accumulation and weight gain by promoting
the conversion of pre-adipocytes into mature adipocytes; con-
sequently, hypotheses suggest that obesity may lead to pro-
longed increases in cortisol concentrations, further intensifying
adipose tissue accumulation [20]. Beyond this central regulation,
body-weight homeostasis is modulated daily by gastrointestinal

hormones that influence long-term food intake through the vagus
nerve and peripheral hormonal pathways [21].

In individuals with obesity, however, the postprandial response
to these gastrointestinal hormones tends to be significantly
blunted [21]. This is particularly evident with ghrelin, an orexi-
genic hormone produced in the stomach that stimulates appetite
around mealtimes, and peptide YY (PYY), an anorexigenic hor-
mone that suppresses appetite [21]. Paradoxically, studies in-
dicate that individuals with obesity may exhibit higher caloric
intake than those without obesity, despite reporting lower per-
ceived hunger in the postprandial period [21]. This phenomenon
is supported by evidence showing that both basal and postpran-
dial ghrelin concentrations are lower in individuals with obesity
compared to controls [21].

Ultimately, these observations demonstrate that gastrointestinal
hormones like ghrelin and PYY do not show a straightforward cor-
relation with satiety signals in this population as seen in non-obese
individuals [21]. These alterations in appetite perception are largely
mediated by impaired vagal sensitivity and other central mecha-
nisms, as illustrated in Figure 1 [21]. Furthermore, food intake in
individuals with obesity is heavily driven beyond pure physiological
mechanisms, being strongly influenced by the hedonic system—
especially within an obesogenic environment characterized by the
widespread availability of highly palatable foods [21].

Figure 1 • Overview of the primary pathophysiological mechanisms of obesity, including hormonal dysregulation and hypothalamic
signaling. The flowchart illustrates how excessive fat accumulation triggers systemic pathways involving central dysregulation of the
HPA axis, hormonal imbalances, and insulin resistance. The connecting arrows denote the directional flow of causal relationships
and pathophysiological progression. Within the text boxes, downward arrows (↓) indicate a downregulation, reduction, or inhibition
of physiological outcomes (e.g., decreased satiety, peptide YY levels, and muscle mass). Conversely, upward arrows (↑) represent an
upregulation, elevation, or stimulation of specific metabolic and behavioral processes (e.g., increased hedonic hunger, cortisol secretion,
ghrelin levels, insulin resistance, and adipogenesis). HPA: hypothalamic–pituitary–adrenal.
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2.2. Mechanisms and pharmacokinetics of GLP-1
receptor agonists

Glucagon and glucagon-like peptide-1 (GLP-1) are both derived
from the same precursor gene but exert opposite effects on glucose
metabolism. Glucagon is released by pancreatic alpha cells in re-
sponse to hypoglycemia to raise blood glucose levels through hep-
atic glycogenolysis and gluconeogenesis, whereas GLP-1 acts to
lower it [22]. In patients with diabetes, this glucagon-secretion re-
sponse is impaired, contributing to poorly regulated hypoglycemic
episodes; understanding this context is fundamental to compre-
hending how GLP-1 analogues modulate glycemia and support
metabolic control [22].

Physiologically, GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP) are incretin hormones secreted by intestinal
L and K cells, respectively, during the postprandial period [23].
They stimulate insulin secretion by pancreatic beta cells through
their specific receptors, thereby reducing plasma glucose concen-
trations primarily by increasing glucose uptake in skeletal muscle
and adipose tissue, where GIP further enhances insulin sensitivity
and potentiates glucose uptake [23].

The activation of the GIP receptor acts on the central nervous
system to reduce appetite, caloric intake, and body weight, while
also attenuating treatment-induced nausea, thereby expanding
therapeutic tolerance [24]. In the pancreas,GIP functions as an es-
sential incretin hormone, stimulating glucose-dependent insulin
secretion, increasing gene transcription, and promoting beta-cell
survival and proliferation while reducing apoptosis [24, 25]. Fi-
nally, GIP optimizes peripheral metabolism by increasing blood
flow and nutrient delivery to adipose tissue, which maximizes
triglyceride clearance and safe lipid storage; this healthy expan-
sion of adipose tissue prevents lipid spillover into organs like

skeletal muscle, which directly and indirectly improves insulin
sensitivity and whole-body glucose uptake (Figure 2, [24, 25]).

For patients with T2DM who require intensified injectable ther-
apy, GLP-1 analogues offer good cost-effectiveness, as their high
efficacy in preventing clinical events may reduce other healthcare
expenditures [26]. Most of these medications are peptide agonists
administered subcutaneously, which can be inconvenient and
compromise treatment adherence, especially among patients who
prefer oral formulations [12]. However, a recent meta-analysis
suggests that the efficacy of GLP-1 analogues remains similar
regardless of whether they are administered orally or subcuta-
neously [27].

Among the specific agents in this class, liraglutide possesses a 97%
compatibility with native GLP-1 and is marketed under the brand
names Victoza®, Saxenda®, and Olire® [28]. This analogue has a
prolonged half-life of approximately 13 hours compared with the
1–2 minutes of native GLP-1, and it acts on hypothalamic neu-
rons involved in energy metabolism, brain reward and pleasure
centers, gastric emptying, and the pancreas, where it stimulates
insulin secretionwhile inhibiting glucagon and somatostatin [28].

Semaglutide, available commercially as Ozempic® and Wegovy®

(manufactured byNovoNordisk), alsomimics the effects of native
GLP-1 [28, 29]. It acts at multiple sites, including the hypotha-
lamus and the mesolimbic reward system, to promote weight
loss by reducing caloric intake, decreasing hunger, and increasing
satiety [28]. Semaglutide features an elimination half-life of ap-
proximately one week and remains in the body for 5–7 weeks after
the last dose [30]. Although oral semaglutide was long established
as the primary oral option available for T2DM management, its
clinical utility is often limited by the requirement of strict fasting
conditions to prevent peptic degradation [12].

Figure 2 • Main mechanisms of action of GIP and their effects on metabolic and central nervous system pathways. GIP acts
multi-organically to regulate energy homeostasis. Downward arrows (↓) represent a downregulation or reduction in specific functions
(e.g., decreased appetite, food intake, nausea, beta-cell apoptosis, overall body weight, and lipid spillover). Upward arrows (↑) indicate
an upregulation or enhancement of biological processes, including stimulated insulin secretion, improved beta-cell survival and
proliferation, enhanced adipose tissue lipid storage, clearance, and blood flow, as well as increased skeletal muscle insulin sensitivity.
GIP: glucose-dependent insulinotropic polypeptide; CNS: central nervous system.
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Tirzepatide, marketed asMounjaro® and Zepbound® by Eli Lilly®,
represents a dual agonist of both the GLP-1 andGIP receptors [29].
While the GLP-1 component acts on pancreatic cells to control
glycemia andon the central nervous system to regulate appetite, the
GIP component exerts an incretin effect on the pancreas and pro-
motes a catabolic effect on adipose tissue postprandially [28, 30].
In Brazil, the regulatory agency ANVISA has approved tirzepatide
for T2DM treatment as well as for weight control in combination
with a low-calorie diet and increased physical activity [31].

To minimize side effects, these medications require careful admin-
istration through gradual dose escalation [28]. Liraglutide treat-
ment should start at 0.6 mg/day and be increased by 0.6 mg every
week up to a maximum dose of 3.0 mg/day [28]. Semaglutide is
initiated at 0.25mgweekly, with dose escalation every 4weeks until
the effective maximum dose for weight loss is achieved [28]. Simi-
larly, tirzepatide is initiated at 2.5mgweekly, with increments of 2.5
mg at 4-week intervals up to amaximumweekly dose of 15mg [28].
For tirzepatide specifically, gastrointestinal adverse events, particu-
larly nausea and vomiting, are dose-dependent; therefore, starting
with lower doses and increasing them gradually—with the option
of using antiemetics when necessary—is highly recommended to
prevent treatment discontinuation [17].

All drugs in this class are associated with gastrointestinal adverse ef-
fects such as nausea, vomiting, diarrhea, and constipation, without
presenting an increased risk of hypoglycemia [7]. Patients without
T2DM may experience a higher incidence of these adverse effects
than those with T2DM [32]. In general, these symptoms are more
frequent at the beginning of treatment and tend to diminish over
time, suggesting a favorable long-term safety profile, and none of the
analogues have been associated with severe adverse events such as
serious gastrointestinal reactions, major cardiovascular events, and
severe hypoglycemia [32, 33]. Nonetheless, the occurrence of these
transient adverse effects can lead to lower adherence, which pre-
disposes patients to treatment discontinuation, subsequent weight
regain, and the development of multiple comorbidities [7]. Further-
more, dosing frequency impacts tolerance, as weekly regimens are
associated with fewer adverse effects than daily administration [34].

2.3. Evidence of GLP-1 analogues on the eating
regulatory system

In individuals with obesity, the infusion of gastrointestinal hormones
directly affects eating behavior; however, hunger and appetite per-
ception remain complex phenomena, and their precise correlation
with physiological hormone levels is not yet fully established [21].
The mechanisms of action of GLP-1 receptor agonists are strongly
related to appetite regulation. Although not entirely understood,
these mechanisms involve the inhibition of gastric emptying and
direct actions on the central nervous system—as summarized in
Figure 3—leading to decreased hunger, increased satiety, and a sub-
sequent reduction in overall energy and ad libitum food intake [34].

To evaluate these effects clinically, Blundell et al. conducted a ran-
domized, double-blind, placebo-controlled study examining how
semaglutide affects appetite, energy intake, eating control, and
food preferences in patients with obesity [35]. The trial demon-
strated that semaglutide substantially reduced energy intake,
causing a 24% decrease in caloric consumption from ad libitum
meals throughout the day compared with the placebo [35]. Ad-
ditionally, the pharmacological treatment resulted in significant
appetite suppression, less self-reported hunger, reduced overall
food cravings, and a lower preference for high-fat foods [35].

These clinical outcomes are supported by the fact that GLP-1
analogues act on specific regions of the central nervous system
involved in appetite regulation, promotingweight loss through the
direct activation of the hypothalamus [35]. This localized central
mechanism helps explain the comprehensive behavioral effects
observed with semaglutide, particularly the robust reduction in
appetite and the decreased desire for food [35].

Specifically, this neuroendocrine modulation occurs predomi-
nantly within the arcuate nucleus (ARC) of the hypothalamus,
which acts as a central mediator of eating behavior by inte-
grating hormonal and nutritional signals. The ARC contains two
distinct neuronal populations: those synthesizing the orexigenic
neuropeptides neuropeptide Y (NPY) and agouti-related pro-
tein (AgRP), and those producing the anorectic neuropeptides
pro-opiomelanocortin (POMC) and cocaine- and amphetamine-
regulated transcript (CART). The signaling pathway is funda-
mentally driven by adenosine monophosphate-activated protein
kinase (AMPK), a cellular energy sensor heavily expressed in these
hypothalamic circuits. Hormonal responses that inhibit hypotha-
lamic AMPK phosphorylation downstream promote an anorex-
igenic signaling cascade, directly stimulating the POMC/CART
neurons while simultaneously suppressing NPY/AgRP expres-
sion. This intricate reciprocal modulation shifts the metabolic
balance toward appetite suppression and increased energy ex-
penditure, providing the exact neurobiological framework that
underpins the therapeutic efficacy of GLP-1 receptor agonists in
weight management [36].

2.4. Evidence of GLP-1 analogues on weight loss

2.4.1. Comparative efficacy in weight loss and adiposity
reduction

Robust clinical evidence demonstrates that GLP-1 receptor ag-
onists and associated polyagonists promote significant reduc-
tions in body weight and BMI in overweight or obese popula-
tions [7, 27, 32, 34] (Table 1). Within the scope of this narra-
tive review, it is important to emphasize that direct cross-trial
comparisons cannot be statistically established, as the included
studies present heterogeneous populations and clinical designs.
However, a descriptive observation of the isolated data reported
by different trials suggests distinct ranges of weight reduction
across these agents. For instance, within their respective studies,
the triple agonist retatrutide (acting on GLP-1, GIP, and glucagon
receptors) at doses of 8mg and 12mg showed reported reductions
in body weight (up to −20.70% and −22.10%, respectively) and
waist circumference (up to −15.9 cm and −17.0 cm) [32]. In
separate evaluations, the dual incretin agonist tirzepatide achieves
average weight reductions of up to 16.53% at 15 mg doses in some
meta-analyses [32] and up to 20% in long-term assessments [33].
Among pure GLP-1 receptor agonists, semaglutide consistently
shows pronounced weight-loss effects in the literature compared
to classic analogues like liraglutide and exenatide [7, 27, 34], as
well as newer small-molecule formulations [12]. Furthermore,
a dose-dependent relationship has been described across this
class, where higher therapeutic doses of semaglutide, liraglutide,
and other novel agonists consistently yield greater reductions
in weight and waist circumference than lower or intermediate
regimens within the same clinical trials [7, 32]. The authors re-
iterate that these metrics serve a purely contextual purpose in this
qualitative overview, and no definitive meta-analytical hierarchy
or statistical superiority is implied.
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Figure 3 • Main mechanisms of action of GLP-1 analogues and their effects on metabolic and central nervous system pathways.
The diagram illustrates the multi-organ physiological effects mediated by GLP-1 receptor agonists (GLP-1 RAs). Downward arrows
(↓) indicate a downregulation, suppression, or reduction in the respective physiological pathways (e.g., decreased appetite, caloric
intake, overall body weight, glucagon and somatostatin secretion, and a reduction in orexigenic AgRP/NPY neurons). Conversely,
upward arrows (↑) denote an upregulation, stimulation, or enhancement of specific target mechanisms (e.g., increased satiety, insulin
secretion, and stimulation of anorexigenic POMC/CART pathways). GLP-1: glucagon-like peptide-1; GLP-1 RAs: GLP-1 receptor
agonists; CNS: central nervous system; AMPK: AMP-activated protein kinase; POMC: pro-opiomelanocortin; CART: cocaine- and
amphetamine-regulated transcript; AgRP: agouti-related peptide; NPY: neuropeptide Y.

2.4.2. Predictors of clinical response, muscle
preservation mechanisms and pediatric application

The therapeutic response to these medications is modulated by
demographic, clinical, physiological, and genetic factors. System-
atic reviews indicate that weight-loss outcomes are significantly
more pronounced in women, younger individuals, patients with
higher baseline weight and BMI, and those presenting a lower
baseline glycated hemoglobin (HbA1c) [27]. Conversely, patients
with T2DMexhibit a smallerweight-loss effect, a phenomenonpo-
tentially linked to impaired stomach and small intestine motility
that attenuates GLP-1-mediated gastrointestinalmodulation [27].
On a physiological level, liraglutide (3 mg) has been shown to in-
duceweight loss by delaying the gastric emptying of solids for up to
16 weeks and modulating appetite [8]. A direct correlation exists
between the magnitude of this gastric emptying delay and over-
all weight loss—particularly in individuals with a faster baseline
gastric motor phenotype [8]. Additionally, genetic variability may
dictate treatment efficacy, specifically through polymorphisms
identified in the GLP-1R and TCF7L2 genes [8].

Crucially, the rapid and substantial weight loss induced pharma-
cologically by GLP-1 receptor agonists and dual incretin therapies
carries a significant clinical risk of muscle wasting and sarcopenic
effects. Recent meta-analytical evidence demonstrates that lean
mass loss accounts for a reported range of 25% to 39% of the
total weight reduction achieved with these agents, specifically

compiled as 35.2% with semaglutide, 25.4% with tirzepatide, and
26.8% with liraglutide in specific studies. According to the litera-
ture [37], such depletion is highlighted as a factor that may lower
basal metabolic rate and compound the risk of sarcopenic obe-
sity, with authors suggesting it could parallel the relative muscle
loss observed in intensive lifestyle interventions or post-bariatric
states [37]. To counteract these adverse changes in body com-
position, integrating clinical exercise physiology protocols is vi-
tal [38]. The prescription of concurrent training, combining func-
tional strength interventions with high-intensity interval training
(HIIT), acts as a powerful therapeutic strategy. While progres-
sive resistance training serves as a primary modifier to stimulate
muscle protein synthesis (MPS) and directly minimize lean mass
loss to its lowest proportional levels (17.5%), implementing HIIT
further drives skeletal muscle tissue remodeling [38]. System-
atic data establishes that HIIT effectively stimulates post-exercise
rates of mixed and myofibrillar protein synthesis, facilitating
the power-generating capacity and architecture of working skele-
tal muscle. Furthermore, when combined with proper therapeu-
tic compliance, these dual training modalities induce essential
skeletal muscle adaptations—such as mitochondrial biogenesis
and enhanced metabolic flexibility—ensuring that rapid weight
reduction is derived predominantly from adipose tissue expan-
sion while successfully preserving functional muscle quantity and
quality [38].
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Beyond adult populations, these agonists show comparable effi-
cacy in pediatric patients for treating obesity and T2DM, leading
to reductions in fasting glucose, HbA1c, body weight, and body
composition [39]. However, regulatory frameworks differ: while
the FDA authorizes use for T2DM in pediatric patients aged 10
and older, pediatric use for obesity remains restricted to children
aged 12 and older in the United States and European Union,
facing limitations due to a scarcity of pediatric randomized trials,
heterogeneous dosing, and a lack of post-treatment data [39].

2.4.3. Cardiometabolic outcomes beyond weight
reduction

The clinical benefits of these therapies extend far beyond
weight reduction, encompassing broad improvements in
systemic metabolic and cardiovascular health. GLP-1 re-
ceptor agonists and polyagonists consistently lower systolic
blood pressure and improve metabolic profiles, as shown in
Tables 1 and 2 [7, 12, 40, 41]. The blood pressure-lowering effect
is hypothetically driven by a combination of direct vasodilatory
effects, central nervous system interactions, and renal diuretic
mechanisms [7]. Regarding lipid parameters, tirzepatide and
the novel agonist orforglipron demonstrate significant, modest
improvements across all fractions (LDL, VLDL, triacylglycerols,
total cholesterol, and HDL) [7], while liraglutide and semaglu-
tide also show marked multi-parameter cardiometabolic and
anti-inflammatory enhancements [34, 40]. Long-term tirzepatide
therapy significantly reduces the risk of progression to T2DM,
successfully restoring normoglycemia in 92% of individuals with
prediabetes [33] (Table 2), which is complemented by its ability
to improve pancreatic cell function, insulin sensitivity, glucagon
secretion, and liver enzyme profiles [30, 33]. Similarly, liraglutide
at doses from 1.8 mg to 3.0 mg reduces the prevalence of
prediabetes by 84–96% [41]. Crucially, semaglutide (2.4 mg once
weekly) provides robust secondary prevention of cardiovascular
events, effectively reducing major adverse cardiovascular events
(MACE)—such as non-fatal stroke and myocardial infarction—in
patients with overweight or obesity and established cardiovascu-
lar disease, even in the absence of diabetes [40].

2.4.4. Novel oral formulations and the challenge of
discontinuation

Recent pharmaceutical developments have introduced non-
peptidic, small-molecule GLP-1 receptor agonists, such as or-
forglipron and danuglipron [12, 32]. These agents significantly
reduce HbA1c, fasting plasma glucose, body weight, and systolic
blood pressure, yielding results comparable to the classical oral

semaglutide doses of 7 mg and 14 mg [12]. Because of their non-
peptidic structure, orforglipron and danuglipron possess pharma-
cokinetic profiles that favor oral administration; they are com-
pletely resistant to degradation by intestinal peptidases and donot
require the strict fasting conditions mandated by oral semaglu-
tide [12, 42].

Despite these therapeutic advances, maintaining weight loss after
treatment cessation remains a critical challenge. Discontinuation
of these medications triggers substantial weight regain that typ-
ically starts around 8 weeks post-cessation and persists through
20 weeks [43]. This weight trajectory is clinically significant and
directly proportional to the initial weight lost [44]. For instance,
patients withdrawing from semaglutide and tirzepatide experi-
ence an average weight regain of 7% over 17 weeks [33] or a
substantialmean regain of 9.69 kg [44]. Conversely, the liraglutide
group exhibits a more modest, less clinically significant regain
of approximately 2.2 kg [44]. These combined findings strongly
reinforce that weight loss is only sustainable in the long termwhen
accompanied by permanent lifestyle changes, meaning that GLP-1
analogue therapy must be conceptualized as a chronic, ongoing
treatment to successfully mitigate obesity-related comorbidities
and prevent unfavorable weight rebound [33, 44].

2.5. Evidence of different therapies on weight loss

2.5.1. Surgical versus pharmacological interventions

When comparing therapeutic approaches for obesity, a systematic
review and meta-analysis by Pipek et al. evaluated the clinical
outcomes of surgical treatment against various pharmacological
options, including GLP-1 analogues, the dual incretin agonist
tirzepatide, and other traditional medications such as orlistat,
phentermine, and sibutramine [15]. The analysis demonstrated
that both surgical and pharmacological approaches are effective
in mitigating overall cardiovascular risk, showing that weight loss
from either modality leads to substantial improvements in lipid
profiles, IR, and blood pressure [15]. However, within the findings
evaluated by Pipek et al., bariatric surgery yielded statistically su-
perior results across several metabolic and clinical parameters in
the analyzed cohort [15]. Specifically, their data indicated that the
surgical approach proved superior to isolated pharmacotherapy
under those specific trial conditions in reducing bodyweight, BMI,
waist circumference, blood pressure, IR, and glycated hemoglobin
(HbA1c), while achieving significantly higher rates of T2DM re-
mission [15]. Furthermore, surgery showed enhanced outcomes
for long-term glycemic control, comprehensive lipid profiles, and
themanagement of associated comorbidities such as asthma, bone
turnover, and non-alcoholic steatohepatitis (NASH) [15].
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Table 1 •Summary of systematic reviews and meta-analyses on the efficacy of glucagon-like peptide-1 (GLP-1) RAs for weight management.

Authors Study design Population Intervention/
comparator

Duration Main weight
outcome (absolute
or %) *

Key metabolic
outcome

Major limitations

Ansari et al. [7] Systematic review
and meta-analysis

-10,638 individuals
-With obesity (BMI
>30 kg/m2)
-Without diabetes
-Mean age 48.3 ±
3.67 years

Semaglutide,
Liraglutide,
Tirzepatide,
Exenatide,
Orforglipron

Semaglutide: 68 wks.
Liraglutide: 20 to 68 wks.
Tirzepatide: 68 wks.
Orforglipron: 26 wks.
Exenatide: 16 and 24 wks.

Tirzepatide: ↓17%
 
Semaglutide: ↓12%
 
Orforglipron: ↓10%
 
Liraglutide: ↓5%
 
Exenatide: ↓3.3%

Systolic BP: ↓4.13
mm Hg
Diastolic BP: ↓1.39
mm Hg
 
Modest magnitude
effect on the lipid
profile

High statistical
heterogeneity among the
studies and the inclusion of
only one clinical trial for
tirzepatide and orforglipron,
which may overestimate the
effects of these medications.

Wong et al. [27] Systematic review
and meta-analysis

-23,244 patients
-Adults
-Overweight or
obese
-With or without
diabetes

Liraglutide,
Semaglutide,
Exenatide,
Dulaglutide,
Danuglipron,
Orforglipron,
Efpeglenatide
 
-Similar efficacy
across administration
routes

4 to 104 weeks Mean body weight:
↓4.57 kg
 
Mean BMI: ↓2.07 kg/m2

 
Semaglutide: ↓7.18 kg,
↓2.86 kg/m2 and WC
↓6.39 cm

-For each ↑1% in
baseline HbA1c,
weight loss ↓2.40 kg
 
-Mean WC: 4.55 cm

Substantial statistical
heterogeneity (attributed to
broad inclusion criteria and
diverse populations) and a
disproportionately small
number of studies on oral
GLP-1 RAs compared to
injectable ones.

Xie et al. [32] Network
meta-analysis

-15,584 patients
-63.7% women
-66.4%White;
21.9% Asian
-With or without
T2DM
-With obesity or
overweight

Retatrutide,
Tirzepatide,
Mazdutide,
Liraglutide,
Semaglutide,
Orforglipron,
Beinaglutide

16 to 72 weeks Body weight:
Retatrutide 12 mg:
↓22.10%
Retatrutide 8 mg:
↓20.70%
Tirzepatide 15 mg:
↓16.53%
 
-Retatrutide 12 mg:
↓17.00 cmWC
-Retatrutide 8 mg:
↓15.90 cmWC
-Tirzepatide 15 mg:
↓13.23 cmWC
-↑Doses = ↑Weight loss
and waist circumference
reduction

Tirzepatide (15 mg):
HbA1c: ↓2.06%
 
Fasting glycemia:
↓57.66 mg/dl

Absence of 10% or 20%
weight loss proportional
analysis.
Limited safety data,
focusing primarily on severe
hypoglycemic events.
Inclusion of studies with
ongoing phase 2 trials for
agents like retatrutide and
orforglipron.
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Table 1 • Cont.

Authors Study design Population Intervention/
comparator

Duration Main weight
outcome (absolute
or %) *

Key metabolic
outcome

Major limitations

Liu et al. [34] Systematic review
and meta-analysis

-15,135 participants
-75.6% female
-Overweight or
obese
-Without diabetes

Semaglutide,
Liraglutide, Exenatide,
Efpeglenatide

4 to 160 weeks Body weight: ↓5.319 kg
BMI: ↓2.373 kg/m2

WC: ↓4.302 cm
Waist-to-hip ratio:
↓0.011
 
The weight loss effect is
dose-dependent and
non-linear

- Significant statistical
heterogeneity in some
outcomes and a lack of
long-term data beyond the
trial durations.

Wu et al. [43] Systematic review
(focus on
discontinuation)

-1573 participants
-Adults
-With obesity or
overweight
-With or without
T2DM

Liraglutide,
Semaglutide,
Beinaglutide,
Exenatide, AMG133

Minimum 4 weeks Body weight (Regain):
After 8 weeks: ↑1.50 kg
After 12 weeks: ↑1.76 kg
After 20 weeks: ↑2.50
kg

- The follow-up period after
drug discontinuation was
relatively short in most
included studies, and there
was a limited number of
trials evaluating newer
agents.

Berg et al. [44] Systematic review
(focus on weight
regain)

-Adults and children
-Overweight or
obese (BMI ≥ 27)
-With/without
T2DM and
pre-diabetes
-Obesity and NAFLD

Liraglutide,
Semaglutide,
Tirzepatide

20 to 160 weeks Body weight (Regain):
 
Semaglutide and
Tirzepatide: ↑9.69 kg
 
Liraglutide: ↑2.2 kg

The interruption
resulted in the
reversal of the
metabolic benefits
obtained, such as
improvements in
HbA1c and lipid
levels.

High variability in follow-up
duration
post-discontinuation and
limited data on weight
maintenance strategies after
stopping GLP-1 RAs.

Orforglipron (Foundayo) was approved by the FDA for obesity in April 2026. Efpeglenatide, mazdutide, beinaglutide, retatrutide, and AMG133 are currently not FDA-approved for weight management, with some agents
approved only in China. Dulaglutide and exenatide are approved only for T2DM. *Metrics are reported as either absolute weight change (kg) or percentage reduction (%) adhering strictly to the primary outcome presentation
of each respective source study to preserve original meta-analytical data integrity. Upward arrows (↑) indicate an increase, and downward arrows (↓) indicate a decrease in the respective outcomes or baseline values. BMI:
bodymass index; BP: blood pressure; CVD: cardiovascular disease; HbA1c: glycated hemoglobin (hemoglobin A1c); NAFLD: non-alcoholic fatty liver disease; RCT: randomized controlled trial; T2DM: type 2 diabetesmellitus;
WC: waist circumference.
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Table2 •Characteristics and outcomes of landmark randomized clinical trials on glucagon-like peptide-1 (GLP-1) receptor agonists.

Authors Study design Population Intervention/
comparator

Duration Main weight
outcome (absolute
or %) *

Key metabolic outcome Major limitations

Maselli et al. [8] Short-term clinical
trial (focus on
pharmacogenetics)

-136 adults
-With obesity (BMI >
30 kg/m2)
-Ages between 18 and
65 years (average age
42)

Liraglutide Up to 16 weeks After 5 weeks: ↓3.8 kg
After 16 weeks: ↓5.8 kg

Significant delay in gastric
emptying of solids and
increased postprandial
fullness (satiety).

Short-term follow-up;
relatively small sample size
for a pharmacogenetic
study, which may lack
power to detect small
genetic effects; focus on
physiological mechanisms
rather than long-term
clinical outcomes.

Chadda et al.
[39]

Systematic review of
pediatric clinical
trials

-286 children
-Age: 9.9 to 15.2 years
-With or without
T2DM, pre-diabetes
and obesity

Liraglutide,
Exenatide

Liraglutide: 5 to 56
weeks
 
Exenatide: 13 to 24
weeks

Body weight: ↓1.86 kg
and BMI ↓1.26 kg/m2.
 
In children with
obesity: ↓2.74 kg.
 
In children with T2DM:
↓0.97 kg (not
significant)

HbA1c: ↓0.30%
(Pre-diabetes: ↓0.72% and
Obesity ↓0.08%)
 
Fasting Glycemia: ↓4.0
mg/dl (Pre-diabetes ↓19.4
mg/dl and Obesity ↓1.9
mg/dl)

Small number of available
pediatric trials and limited
sample sizes; high
heterogeneity in study
designs and baseline
metabolic conditions; lack
of long-term safety and
efficacy data in the pediatric
population.

Karakasis et al.
[12]

Randomized clinical
trial (RCT)—phase 2

-1037 patients
-Majority men
-Age: 54.2 to 59 years
-793 with T2DM
-244 with obesity
without T2DM

Orforglipron,
Danuglipron

Median duration of
16 weeks

Mean BMI: ↓2.87 kg/m2

 
With T2DM: ↓3.26 kg
 
With obesity without
T2DM: ↓7.52 kg

With T2DM: Mean HbA1c:
↓1.03%
 
Mean fasting glycemia:
↓28.53 mg/dl
 
With obesity without T2DM:
↓0.46%
 
Systolic BP: ↓3.48 mmHg

Limited number of included
RCTs and relatively small
total sample size; short
intervention duration (up to
16 weeks); high
heterogeneity in weight-loss
outcomes among the
studied agents.

Lincoff et al.
[40]

Large-scale
randomized clinical
trial (RCT)

-17,604 patients
-Age: ≥45 years
-BMI ≥ 27
-Pre-existing
cardiovascular disease
-Without diabetes

Semaglutide 39.8 months Body weight: ↓9.39%
 
WC: ↓7.56 cm

-Systolic BP: ↓3.82 mmHg
-Diastolic BP: ↓1.02 mm Hg
-hs-CRP: ↓39.12%
-Total cholesterol: ↓4.63%
-LDL: ↓5.25%; HDL: ↑4.86%
-Triglycerides: ↓18.34%

Strict inclusion of patients
with pre-existing CVD,
limiting generalizability of
primary prevention; low
female representation
(27.7%).
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Table 2 • Cont.

Authors Study design Population Intervention/
comparator

Duration Main weight
outcome (absolute
or %) *

Key metabolic outcome Major limitations

Jastreboff et al.
[33]

Randomized clinical
trial (RCT)—Phase 3
(SURMOUNT-1)

-1032 participants
-Mean age: 48.2 years
-63.9% female
-Obesity or
pre-diabetes

Tirzepatide 176 weeks Tirzepatide 5 mg:
↓12.3%
 
Tirzepatide 10 mg:
↓18.7%
 
Tirzepatide 15 mg:
↓19.7%
 
Mean weight regain of
7% after
discontinuation

T2DM Diagnosis: 1.3% of
participants
 
Reversal to normoglycemia:
89.9% (5 mg), 91.2% (10
mg), 93.3% (15 mg)
 
HbA1c: ↓0.51% (15 mg)
 
-Improvement in BP
-↑Lipid profile and liver
enzymes

Significant weight regain
(approx. 7%) within 17
weeks of treatment
discontinuation,
highlighting the need for
long-term therapy; limited
generalizability to
individuals without
pre-diabetes.

Astrup et al. [41] Randomized clinical
trial (RCT)—Dose-
ranging

-564 participants
-Age: 18 to 65 years
-With obesity: BMI:
30 to 40 kg/m2

-Without diabetes

Liraglutide
 
Orlistat as
comparator

20 weeks Body weight: ↓4.8 kg
(1.2 mg), ↓5.5 kg (1.8
mg), ↓6.3 kg (2.4 mg)
and ↓7.2 kg (3.0 mg)

Pre-diabetes: ↓84–96% (1.8
to 3.0 mg/day)
 
Systolic BP: ↓5.7 to 8.8
mmHg
 
Diastolic BP: ↓1.2 to 2.9
mmHg

Relatively short initial
treatment duration to assess
long-term sustainability;
dose-ranging focus rather
than definitive
cardiovascular outcomes;
results focused on a specific
BMI range (30–40 kg/m2).

Orforglipron (Foundayo) was approved by the FDA for obesity in April 2026. Efpeglenatide, mazdutide, beinaglutide, retatrutide, and AMG133 are currently not FDA-approved for weight management, with some agents
approved only in China. Dulaglutide and exenatide are approved only for T2DM. *Metrics are reported as either absolute weight change (kg) or percentage reduction (%) adhering strictly to the primary outcome presentation
of each respective source study to preserve originalmeta-analytical data integrity. Upward arrows (↑) indicate an increase, and downward arrows (↓) indicate a decrease in the respective outcomes or baseline values. BMI: body
mass index; BP: blood pressure; CVD: cardiovascular disease; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein; hs-CRP: high-sensitivity C-reactive protein; LDL: low-density lipoprotein; NAFLD: non-alcoholic
fatty liver disease; RCT: randomized controlled trial; T2DM: type 2 diabetes mellitus; WC: waist circumference.
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2.5.2. Synergistic and combined therapeutic
approaches

It is essential to recognize that available obesity treatments are not
mutually exclusive and can be strategically combined to achieve
optimized clinical outcomes [15]. For instance, pharmacological
tools can act as an effective secondary intervention, where GLP-1
receptor agonists have been shown to successfully reverse and
promote a reduction of up to two-thirds of the weight regained
by patients after bariatric surgery [15]. Another critical factor in-
fluencing both long-term adherence and metabolic success is the
integration of pharmacological therapy with structured physical
exercise [27]. While the isolated use of GLP-1 analogues leaves
patients highly susceptible to significant weight regain following
treatment discontinuation, the addition of exercise helps sustain
the achieved weight loss [27]. This combined approach is further
reinforced by a randomized controlled trial conducted by Sands-
dal et al., which demonstrated that combining liraglutide with
physical exercise resulted in a significantly greater reduction in
android fat compared to a placebo [45]. Furthermore, this specific
lifestyle-pharmacological synergy led to a significant decrease in
high-sensitivity C-reactive protein (hsCRP) after one year of con-
tinuous treatment, underscoring its systemic anti-inflammatory
benefits [45].

2.5.3. Multidisciplinary management, public policy, and
treatment sustainability

Despite the excellent therapeutic efficacy of GLP-1 analogues in
driving weight loss and reducing NCDs, authoritative bodies such
as the Scientific Committee of the British Nutrition Foundation
and the specialist obesity and diabetes groups of the British Di-
etetic Association (BDA) emphasize that these medications are
not a stand-alone solution to the rising global prevalence of obe-
sity [46]. Managing this epidemic effectively requires a broad,
systemic approach and robust public policies designed to reduce
treatment costs, improve widespread access to healthy foods, de-
crease prevailing health inequalities, and fundamentally upgrade
the food environment [46].

Consequently, patient care must be anchored in a multidisci-
plinary follow-up framework involving physicians, specialized di-
etitians, and psychologists who can collectively provide the nec-
essary behavioral support for dietary changes and lifestyle mod-
ification [46]. Within this framework, a comprehensive mental
health assessment is fundamental to identify potential clinical
contraindications, such as underlying eating disorders [46]. Fi-
nally, because obesity is recognized as a chronic, complex, and
recurrent disease, therapeutic support must not be conceptual-
ized as a temporary intervention; thus, anti-obesity medications
should not be discontinued as long as they remain clinically effec-
tive, safe, and well-tolerated by the patient [46].

2.6. Main challenges for implementation

Given the major challenges in obesity treatment, the WHO issued
its global guideline inDecember 2025, providing clear recommen-
dations on the use of GLP-1 and GIP analogues for the treatment
of adults [47]. This document establishes conditional recommen-
dations for the use of these medications in adults with obesity
or overweight accompanied by comorbidities, emphasizing that
pharmacotherapy should be integrated with lifestyle guidelines,

such as diet and physical activity. Furthermore, the guideline
highlights the importance of a patient-centered approach and
the need for continuous monitoring to mitigate adverse gastroin-
testinal effects and ensure long-term treatment adherence [47].
This initiative by the leading global health authority underscores
the established necessity for a well-defined regulatory and policy
framework to ensure the safe, ethical, and equitable use of this
therapeutic class worldwide [1].

The implementation model for this drug class in England’s public
health system is widely cited as an example, reflecting both the
guidelines of its regulatory body, the National Institute for Health
and Care Excellence (NICE), and the logistical capacity of the
NHS. NHS Chief Executive Amanda Pritchard has recognized that
these drugs are a “game changer” in obesity treatment but warned
that without reorganization of care pathways, they could overbur-
den public services that are already operating at capacity [48].

The Obesity Health Alliance reinforces that ensuring access to
these medications is essential to mitigate rising health inequal-
ities, highlighting access barriers imposed by the health system
itself. The new NHS model for tirzepatide, based on a prioriti-
zation protocol according to BMI and comorbidities, establishes
a three-step treatment pathway (assessment/counselling, dose
titration and maintenance), aiming to guarantee adherence and
multidisciplinary follow-up [48].

Another legal aspect that directly influences global access toGLP-1
analogues is patent protection. Although the first agonist was
approved almost two decades ago, there are currently no generic
competitors, and companies have achieved an expected exclusivity
period of more than 18 years. This extended protection is sup-
ported by a “patent thicket” strategy, whereby manufacturers file
numerous patents, more than half of which cover delivery devices
(e.g., injection pens) rather than the active ingredient, methods of
use or formulations. This focus on device patents makes it diffi-
cult for generic manufacturers to obtain FDA approval, providing
grounds for litigation and delaying market competition [49].

The coverage landscape for anti-obesity medications (AOMs) in
the United States is complex and divided between public and
private sectors, heavily influenced by historical statutory and
financial barriers [50]. In the public sector, the United States
Medicare Part D program is governed by an explicit exclusion that
bars coverage for medications used for weight loss or obesity [51].
This restriction was established because, at the time the benefit
was constructed, the limited effectiveness and unfavorable safety
profile of available treatments failed to generate justification for
drugs perceived to be used primarily for cosmetic purposes [51].
To circumvent these legal-structural barriers and expand access,
legislative measures like the Treat and Reduce Obesity Act have
been proposed to reform the statute, alongside administrative
alternatives such as testing regional coverage policies under the
waiver authority of the Center forMedicare andMedicaid Innova-
tion [51]. However, permanent legislative expansion and broader
model implementation continue to face significant friction, driven
primarily by high projected fiscal costs and substantial reluctance
from major insurance plan sponsors to absorb the financial risks
associated with widespread utilization [50, 51].

Opponents of expanding coverage argue that treating the large
eligible population—which could encompassmore than half of the
US population based on clinical criteria—would impact prescrip-
tion drug affordability and crowd out other high-value treatments
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in public budgets [51]. It is estimated that expanding Medicare
coverage to include GLP-1 analogues would result in a net fiscal
cost of US$8 billion over ten years, even under amoderate-uptake
scenario [52]. This impact underscores the importance of further
price reductions and low-cost strategies for weight management,
including de-implementation of low-value care [52]. Conversely,
long-termeconomicmodeling suggests that a public health invest-
ment in obesity reduction, allowing for broad utilization of AOMs,
could significantly decrease cumulative government expenditures
for Medicare and Medicaid over an extended time horizon [50].
These projected savings are driven by the reduction in chronic co-
morbidities, expanded workforce participation, and a subsequent
increase in state and federal tax revenues [50].

Rising demand and shortages of GLP-1 analogues have created
a serious public safety and legal issue: the proliferation of com-
pounded and counterfeit versions. These products are not sub-
ject to the FDA’s rigorous safety and efficacy review, exposing
consumers to significant risks, such as dosing errors and the use
of active ingredients of questionable quality [14]. Furthermore,
current Canadian clinical guidance recommends against the use of
compounded medications, or drugs not approved for weight loss,
in individuals with excess adiposity due to safety and efficacy con-
cerns [53]. In addition, aggressive marketing often delivered via
online weight-loss programs exploits drug shortages, contributing
to unbalanced communication that downplays potential risks and
facilitates the entry of falsified and adulterated products into the
U.S. supply chain [1]. This risk is further emphasized by recent
clinical updates which warn that compounded GLP-1 and GIP re-
ceptor agonists, often emerging due to cost and supply issues, lack
necessary regulation. Due to critical uncertainties regarding their
content, safety, and quality, there is a strong recommendation
against using any compounded or non-approved medications for
weight management to ensure patient safety [53].

2.7. Limitations

GLP-1 analogues such as liraglutide, semaglutide and tirzepatide
have demonstrated significant impact on weight loss and on im-
provingmetabolic and cardiovascular parameters in patients with
obesity. However, it is crucial to address the limitations of the
available studies, which often include small samples and short
follow-up periods, as well as practical challenges such as adverse
effects and high cost.

In addition to the constraints identified in the primary literature,
severalmethodological limitations of the present reviewmust be ac-
knowledged. First, the literature screening and data extraction pro-
cesses were conducted by a single reviewer without formal blinding,
which inherently introduces a risk of selection bias. Second, while
this work heavily synthesizes quantitative trial endpoints through
a narrative approach, it initially lacked a systematic study quality
appraisal. Nevertheless, the lack of an independent dual-reviewer
framework means that the comparative efficacy observations out-
lined herein should be interpreted with appropriate caution.

Weight regain after treatment discontinuation reinforces that
these drugs are not a stand-alone solution but rather part of a
chronic, multifactorial treatment strategy. The sustainability of
outcomes depends intrinsically on the adoption of a new lifestyle,
with healthy eating and regular physical activity, highlighting the
importance of multidisciplinary management to maintain long-
term benefits. Pharmacotherapy for obesity should therefore be

framed as a long-term strategy, since treatment interruption tends
to be followed by weight regain and a loss of health benefits [53].

Although GLP-1 analogues represent a revolution in obesity treat-
ment, optimal implementation still requires further research. Fu-
ture studies should focus not only on efficacy but also on in-
teractions between these medications and genetic factors, inter-
individual variability in response, and their combination with
nutritional and psychological interventions.Moreover, for a larger
number of patients to benefit from this drug class, costs must be
reduced to expand access. It is essential that legislators and regu-
latory authorities develop solutions to address the current patent
system and facilitate access to the drug–device combination [49].

3. Conclusions
The class of GLP-1 receptor agonists and polyagonists represents a
significant therapeutic breakthrough in the treatment of obesity and
T2DM.Theirmechanismof action, whichmodulates the incretin axis
and acts on central neural circuits of appetite and satiety, has shown
superior efficacy for weight loss and for improving cardiometabolic
parameters such as blood pressure and glycemic control.

It is important to emphasize that obesity is a chronic, recurrent
disease, and the efficacy of these drugs is not sustainable in isola-
tion. The substantial weight regain observed after treatment dis-
continuation underscores the need to consider therapy as chronic
and to integrate it into robust multidisciplinary care, focused on
long-lasting lifestyle change.

Thewidespread use of GLP-1 analogues faces twomajor obstacles:
gastrointestinal adverse effects and access barriers. These barriers
arise at multiple levels, including high fiscal cost, legal and reg-
ulatory constraints, and patent strategies that limit competition.
Therefore, for the transformative potential of GLP-1 analogues to
be realized in public health, it is essential that legislators and reg-
ulatory agencies develop solutions that facilitate generic competi-
tion, reduce acquisition costs and ensure more equitable patient
access, while broader public health policies address obesity as a
systemic problem.

Acknowledgments
The authors acknowledge the use of Gemini, version 3.1 Pro for
language editing. The tool was applied to enhance clarity and
scholarly tone, and all edits were carefully reviewed and vali-
dated by the authors to ensure accuracy, compliance with aca-
demic standards, and research integrity. The authors fully support
Academia.edu Journals’ adherence to COPE guidelines on AI in
publication ethics and confirm that this use has been managed
responsibly and ethically.

Funding
This research was sponsored by the Foundation for the Support
of Teaching, Research and Assistance (FAEPA), the Research
Support Foundation of the State of Minas Gerais (FAPEMIG),
and a postdoctoral fellowship from the National Council of Sci-
ence and Technology of Mexico (CONACYT) for J.d.J.M.G., under
grant CVU-786560. N.Y.N. was supported by a United Nations
fellowship (UNU-BIOLAC).

ACADEMIA DRUG DEVELOPMENT AND PHARMACOTHERAPY 2026, 2 13 of 16

https://doi.org/10.20935/AcadDrug8360


https://doi.org/10.20935/AcadDrug8360

Author contributions
Conceptualization, D.d.O.E. and N.Y.N.; writing, original draft
preparation, D.d.O.E.; writing, review and editing, D.d.O.E.,
J.d.J.M.G., L.M.D., M.A.d.S.P., L.M.W., A.V.L., C.F.C.B., C.B.N.
and N.Y.N.; supervision, L.M.D., M.A.d.S.P., L.M.W., A.V.L.,
C.F.C.B., C.B.N. and N.Y.N.; project administration, N.Y.N. All
authors have read and agreed to the published version of the
manuscript.

Conflict of interest
The authors declare that they have no competing interests. The
funding sponsors played no role in the study’s conception, execu-
tion, or interpretation, or in the preparation of this article.

Data availability statement
No new data were created or analyzed in this study. Data sharing
is not applicable to this article.

Additional information
Received: 11 March 2026

Accepted: 4 June 2026

Published: 22 June 2026

Academia Drug Development and Pharmacotherapy pa-
pers should be cited as Academia Drug Development and
Pharmacotherapy 2026, ISSN 3071-2521, https://doi.org/
10.20935/AcadDrug8360. The journal’s official abbreviation is
Acad. Drug.

Publisher’s note
Academia.edu Journals stays neutral with regard to jurisdictional
claims in published maps and institutional affiliations. All claims
expressed in this article are solely those of the authors and do
not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may bemade by
its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright
© 2026 copyright by the authors. This article is an open access
article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommon
s.org/licenses/by/4.0/).

References
1. World Health Organization. Obesity and overweight.
Geneva, Switzerland: WHO; 2025. Available from: https://
www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight

2. Fryar CD, Carroll MD, Afful J. Prevalence of overweight,
obesity, and severe obesity among children and adolescents
aged 2–19 years: United States, 1963–1965 through 2017–
2018. NCHS Health E-Stats. Arlington, VA, USA: National
Center for Health Statistics; 2020.

3. Centers for disease control and prevention. Consequences of
obesity. Washington, DC, USA: CDC; 2025. Available from:
https://www.cdc.gov/obesity/php/about/consequences.
html

4. World Health Organization. Noncommunicable diseases.
Geneva, Switzerland: WHO; 2024. Available from: https://
www.who.int/news-room/fact-sheets/detail/
noncommunicable-diseases

5. UK Government. Department of Health and Social
Care. Obesity healthcare goals. 2026. Available from:
https://www.gov.uk/government/publications/life-
sciences-healthcare-goals/obesity-healthcare-goals

6. Centers for Disease Control and Prevention. Adult obe-
sity facts. Public health; 2024. Available from: https://
www.cdc.gov/obesity/adult-obesity-facts/index.html

7. Ansari HUH, Qazi SU, Sajid F, Altaf Z, Ghazanfar S, Naveed
N, et al. Efficacy and safety of glucagon-like peptide-1 recep-
tor agonists on bodyweight and cardiometabolic parameters
in individuals with obesity and without diabetes: a system-
atic review and meta-analysis. Endocr Pract. 2024; 30 (2):
160–71. doi: 10.1016/j.eprac.2023.11.007

8. Maselli D, Atieh J, Clark MM, Eckert D, Taylor A, Carlson
P, et al. Effects of liraglutide on gastrointestinal functions
and weight in obesity: a randomized clinical and phar-
macogenomic trial. Obesity. 2022; 30 (8): 1608–20. doi:
10.1002/oby.23481

9. U.S. Food and Drug Administration. Drug approval
package: byetta (exenatide) injection. San Diego, CA,
USA: Amylin Pharmaceuticals, Inc.; 2005. Available from:
https://www.accessdata.fda.gov/drugsatfda_docs/nda/
2005/021773_Byetta_approv.PDF

10. U.S. Food and Drug Administration. Saxenda (liraglutide)
injection, for subcutaneous use [prescribing information].
Silver Spring, MD, USA: FDA; 2014. Available from:
https://www.accessdata.fda.gov/drugsatfda_docs/nda/
2014/206321Orig1s000Approv.pdf

11. American Diabetes Association Professional Practice Com-
mittee. 9. Pharmacologic approaches to glycemic treatment:
standards of care in diabetes—2025. Diabetes Care. 2025;
48 (Suppl 1): S181–206. doi: 10.2337/dc25-S009

12. Karakasis P, Patoulias D, Pamporis K, Stachteas P, Bou-
gioukas KI, Klisic A, et al. Safety and efficacy of the new,
oral, small-molecule, GLP-1 receptor agonists orforglipron
and danuglipron for the treatment of type 2 diabetes and
obesity: systematic review and meta-analysis of random-
ized controlled trials. Metabolism. 2023; 149: 155710. doi:
10.1016/j.metabol.2023.155710

ACADEMIA DRUG DEVELOPMENT AND PHARMACOTHERAPY 2026, 2 14 of 16

https://doi.org/10.20935/AcadDrug8360
https://doi.org/10.20935/AcadDrug8360
https://doi.org/10.20935/AcadDrug8360
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.cdc.gov/obesity/php/about/consequences.html
https://www.cdc.gov/obesity/php/about/consequences.html
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.gov.uk/government/publications/life-sciences-healthcare-goals/obesity-healthcare-goals
https://www.gov.uk/government/publications/life-sciences-healthcare-goals/obesity-healthcare-goals
https://www.cdc.gov/obesity/adult-obesity-facts/index.html
https://www.cdc.gov/obesity/adult-obesity-facts/index.html
https://dx.doi.org/10.1016/j.eprac.2023.11.007
https://dx.doi.org/10.1002/oby.23481
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2005/021773_Byetta_approv.PDF
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2005/021773_Byetta_approv.PDF
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/206321Orig1s000Approv.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/206321Orig1s000Approv.pdf
https://dx.doi.org/10.2337/dc25-S009
https://dx.doi.org/10.1016/j.metabol.2023.155710


https://doi.org/10.20935/AcadDrug8360

13. Echeverry-Guerrero S, González-Vélez S, Arévalo-Lara A-
S, Calvache-Orozco J-C, Villarroel-Hagemann SK, Rojas-
Rodríguez LC, et al. The inappropriate use of GLP-1 analogs:
reflections from pharmacoepidemiology. Pharmacoepidemi-
ology. 2024; 3 (4): 365–72. doi: 10.3390/pharma3040025

14. Mattingly TJ II, Conti RM. Marketing and safety concerns
for compounded GLP-1 receptor agonists. JAMA Health
Forum. 2025; 6 (1): e245015. doi: 10.1001/jamahealthfo-
rum.2024.5015

15. Pipek LZ, MoraesWAF, Nobetani RM, Cortez VS, Condi AS,
Taba JV, et al. Surgery is associated with better long-term
outcomes than pharmacological treatment for obesity: a
systematic review and meta-analysis. Sci Rep. 2024; 14 (1):
9521. doi: 10.1038/s41598-024-57724-5

16. Kadouh H, Chedid V, Halawi H, Burton DD, Clark MM,
Khemani D, et al. GLP-1 analog modulates appetite, taste
preference, gut hormones, and regional body fat stores in
adults with obesity. J Clin Endocrinol Metab. 2020; 105 (5):
1552–63. doi: 10.1210/clinem/dgz140

17. Pan XH, Tan B, Chin YH, Lee ECZ, Kong G, Chong B, et al.
Efficacy and safety of tirzepatide, GLP-1 receptor agonists,
and other weight loss drugs in overweight and obesity: a
network meta-analysis. Obes Rev. 2024; 32 (5): 840–56.
doi: 10.1002/oby.24002

18. Boyer W, Toth L, Brenton M, Augé R, Churilla J, Fitzhugh
E. The role of resistance training in influencing insulin
resistance among adults living with obesity/overweight
without diabetes: a systematic review and meta-analysis.
Obes Res Clin Pract. 2023; 17 (4): 279–87. doi:
10.1016/j.orcp.2023.06.002

19. McCrimmon RJ, Catarig A-M, Frias JP, Lausvig NL, le Roux
CW, Thielke D, et al. Effects of once-weekly semaglutide
vs once-daily canagliflozin on body composition in type 2
diabetes: a substudy of the SUSTAIN 8 randomised con-
trolled clinical trial. Diabetologia. 2020; 63 (3): 473–85. doi:
10.1007/s00125-019-05065-8

20. Rodriguez AC, Epel ES, White ML, Standen EC, Seckl JR,
Tomiyama AJ. Hypothalamic-pituitary-adrenal axis dysreg-
ulation and cortisol activity in obesity: a systematic re-
view. Psychoneuroendocrinology. 2015; 62: 301–18. doi:
10.1016/j.psyneuen.2015.08.014

21. Aukan MI, Coutinho S, Pedersen SA, Simpson MR, Martins
C. Differences in gastrointestinal hormones and appetite
ratings between individuals with and without obesity—a
systematic review and meta-analysis. Obes Rev. 2023; 24
(2): e13531. doi: 10.1111/obr.13531

22. Singh-Franco D, Moreau C, Levin AD, De La Rosa D, John-
son M. Efficacy and usability of intranasal glucagon for the
management of hypoglycemia in patients with diabetes: a
systematic review. Diabet Ther. 2020; 11 (11): 2387–98. doi:
10.1016/j.clinthera.2020.06.024

23. Mather KJ, Mari A, Heise T, DeVries JH, Hua M, Urva S, et
al. Effects of tirzepatide vs semaglutide on β-Cell function,
insulin sensitivity, and glucose control during a meal test.
J Clin Endocrinol Metab. 2024; 109 (12): 3046–54. doi:
10.1210/clinem/dgae319

24. Baggio LL, Drucker DJ. Biology of incretins: GLP-1 and
GIP. Gastroenterology. 2007; 132 (6): 2131–57. doi:
10.1053/j.gastro.2007.03.054

25. Samms RJ, Coghlan MP, Sloop KW. How may GIP enhance
the therapeutic efficacy ofGLP-1?TrendsEndocrinolMetab.
2020; 31 (6): 410–21. doi: 10.1016/j.tem.2020.02.006

26. Yang CY, Chen Y-R, Ou H-T, Kuo S. Cost-effectiveness of
GLP-1 receptor agonists versus insulin for the treatment of
type 2 diabetes: a real-world study and systematic review.
Cardiovasc Diabetol. 2021; 20 (1): 21. doi: 10.1186/s12933-
020-01211-4

27. Wong HJ, Sim B, Teo YH, Teo YN, ChanMY, Yeo LLL, et al.
Efficacy of GLP-1 receptor agonists on weight loss, BMI, and
waist circumference for patients with obesity or overweight:
a systematic review, meta-analysis, and meta-regression of
47 randomized controlled trials. Diabetes Care. 2025; 48
(2): 292–302. doi: 10.2337/dc24-1678

28. Moreira RO, Valerio CM, Hohl A, Moulin C, Moura F, Tru-
jilho FR, et al. Pharmacologic treatment of obesity in adults
and its impact on comorbidities: 2024 update and posi-
tion statement of specialists from the Brazilian association
for the study of obesity and metabolic syndrome (Abeso)
and the Brazilian society of endocrinology and metabolism
(SBEM). Arch Endocrinol Metab. 2024; 68: e240422. doi:
10.20945/2359-4292-2024-0422

29. Müller TD, Blüher M, Tschöp MH, DiMarchi RD. Anti-
obesity drug discovery: advances and challenges. Nat Rev
Drug Discov. 2022; 21 (3): 201–23. doi: 10.1038/s41573-
021-00337-8

30. Heise T, Mari A, DeVries JH, Urva S, Li J, Pratt EJ, et
al. Effects of subcutaneous tirzepatide versus placebo or
semaglutide on pancreatic islet function and insulin sensitiv-
ity in adults with type 2 diabetes: a multicentre, randomised,
double-blind, parallel-arm, phase 1 clinical trial. Lancet Dia-
betes Endocrinol. 2022; 10 (6): 418–29. doi: 10.1016/S2213-
8587(22)00085-7

31. Brazilian Health Regulatory Agency (ANVISA).
Mounjaro (tirzepatida) [Prescribing Information].
Brasília, Brazil: ANVISA; 2023. Available from:
https://www.gov.br/anvisa/pt-br/assuntos/
medicamentos/novos-medicamentos-e-indicacoes/
mounjaro-r-tirzepatida-nova-indicacao

32. Xie Z, Zheng G, Liang Z, Li M, Deng W, Cao W. Seven
glucagon-like peptide-1 receptor agonists and polyagonists
for weight loss in patients with obesity or overweight: an
updated systematic review and network meta-analysis of
randomized controlled trials. Lancet Diabetes Endocrinol.
2024; 12 (1): 30–40. doi: 10.1016/j.metabol.2024.156038

33. Jastreboff AM, Le Roux CW, Stefanski A, Aronne LJ,
Halpern B, Wharton S, et al. Tirzepatide for obesity treat-
ment and diabetes prevention. N Engl J Med. 2024; 390
(13): 1183–95. doi: 10.1056/NEJMoa2410819

ACADEMIA DRUG DEVELOPMENT AND PHARMACOTHERAPY 2026, 2 15 of 16

https://doi.org/10.20935/AcadDrug8360
https://dx.doi.org/10.3390/pharma3040025
https://dx.doi.org/10.1001/jamahealthforum.2024.5015
https://dx.doi.org/10.1001/jamahealthforum.2024.5015
https://dx.doi.org/10.1038/s41598-024-57724-5
https://dx.doi.org/10.1210/clinem/dgz140
https://dx.doi.org/10.1002/oby.24002
https://dx.doi.org/10.1016/j.orcp.2023.06.002
https://dx.doi.org/10.1007/s00125-019-05065-8
https://dx.doi.org/10.1016/j.psyneuen.2015.08.014
https://dx.doi.org/10.1111/obr.13531
https://dx.doi.org/10.1016/j.clinthera.2020.06.024
https://dx.doi.org/10.1210/clinem/dgae319
https://dx.doi.org/10.1053/j.gastro.2007.03.054
https://dx.doi.org/10.1016/j.tem.2020.02.006
https://dx.doi.org/10.1186/s12933-020-01211-4
https://dx.doi.org/10.1186/s12933-020-01211-4
https://dx.doi.org/10.2337/dc24-1678
https://dx.doi.org/10.20945/2359-4292-2024-0422
https://dx.doi.org/10.1038/s41573-021-00337-8
https://dx.doi.org/10.1038/s41573-021-00337-8
https://dx.doi.org/10.1016/S2213-8587(22)00085-7
https://dx.doi.org/10.1016/S2213-8587(22)00085-7
https://www.gov.br/anvisa/pt-br/assuntos/medicamentos/novos-medicamentos-e-indicacoes/mounjaro-r-tirzepatida-nova-indicacao
https://www.gov.br/anvisa/pt-br/assuntos/medicamentos/novos-medicamentos-e-indicacoes/mounjaro-r-tirzepatida-nova-indicacao
https://www.gov.br/anvisa/pt-br/assuntos/medicamentos/novos-medicamentos-e-indicacoes/mounjaro-r-tirzepatida-nova-indicacao
https://dx.doi.org/10.1016/j.metabol.2024.156038
https://dx.doi.org/10.1056/NEJMoa2410819


https://doi.org/10.20935/AcadDrug8360

34. Liu Y, Ruan B, Jiang H, Le S, Liu Y, Ao X, et al. The
weight-loss effect of GLP-1RAs glucagon-like peptide-1
receptor agonists in non-diabetic individuals with over-
weight or obesity: a systematic review with meta-analysis
and trial sequential analysis of randomized controlled
trials. Am J Clin Nutr. 2023; 118 (3): 614–26. doi:
10.1016/j.ajcnut.2023.04.017

35. Blundell J, FinlaysonG, AxelsenM, Flint A, Gibbons C, Kvist
T, et al. Effects of once-weekly semaglutide on appetite,
energy intake, control of eating, food preference and body
weight in subjects with obesity. Diabetes Obes Metab. 2017;
19 (9): 1242–51. doi: 10.1111/dom.12932

36. Neves LS, Oliveira RKG, dos Santos LS, Ribeiro IO, Barreto-
Medeiros JMB, Matos RJB. Modulation of hypothalamic
AMPK and hypothalamic neuropeptides in the control of
eating behavior: a systematic review. Life Sci. 2022; 309:
120947. doi: 10.1016/j.lfs.2022.120947

37. Eisa N, Barood O. Lean mass changes with incretin therapy
versus lifestyle intervention: a systematic review and meta-
analysis of randomised controlled trials. Diabetes Obes
Metab. 2026; 28 (6): 4818–27. doi: 10.1111/dom.70666

38. Bagheri R, Robinson I, Moradi S, Purcell J, Schwab E,
Silva T, et al. Muscle protein synthesis responses follow-
ing aerobic-based exercise or high-intensity interval train-
ing with or without protein ingestion: a systematic review.
Sports Med. 2022; 52 (11): 2713–32. doi: 10.1007/s40279-
022-01707-x

39. Chadda KR, Cheng TS, Ong KK. GLP-1 agonists for obe-
sity and type 2 diabetes in children: systematic review
and meta-analysis. Obes Rev. 2021; 22 (6): e13177. doi:
10.1111/obr.13177

40. Lincoff AM, Brown-Frandsen K, Colhoun HM, Deanfield J,
Emerson SS, Esbjerg S, et al. Semaglutide and cardiovas-
cular outcomes in obesity without diabetes. N Engl J Med.
2023; 389 (24): 2221–32. doi: 10.1056/NEJMoa2307563

41. Astrup A, Rössner S, Van Gaal L, Rissanen A, Niskanen L, Al
HakimM, et al. Effects of liraglutide in the treatment of obe-
sity: a randomised, double-blind, placebo-controlled study.
Lancet. 2009; 374 (9701): 1606–16. doi: 10.1016/S0140-
6736(09)61375-1

42. Dutta D, Nagendra L, Anne B, Kumar M, Sharma M,
Kamrul-Hasan ABM.Orforglipron, a novel non-peptide oral
daily glucagon-like peptide-1 receptor agonist as an anti-
obesity medicine: a systematic review and meta-analysis.
Obes Sci Pract. 2024; 10 (2): e743. doi: 10.1002/osp4.743

43. Wu H, Yang W, Guo T, Cai X, Ji L. Trajectory of the body
weight after drug discontinuation in the treatment of anti-
obesity medications. BMC Med. 2025; 23 (1): 398. doi:
10.1186/s12916-025-04200-0

44. Berg S, Stickle H, Rose SJ, Nemec EC. Discontinuing
glucagon-like peptide-1 receptor agonists and body habitus:
a systematic review and meta-analysis. Obes Rev. 2025; 26
(8): e13929. doi: 10.1111/obr.13929

45. Sandsdal RM, Juhl CR, Jensen SBK, Lundgren JR, Janus C,
BlondMB, et al. Combination of exercise andGLP-1 receptor
agonist treatment reduces severity of metabolic syndrome,
abdominal obesity, and inflammation: a randomized con-
trolled trial. Cardiovasc Diabetol. 2023; 22 (1): 38. doi:
10.1186/s12933-023-01765-z

46. British Dietetic Association, British Nutrition Foundation.
Joint position statement regarding GLP-1/GIP receptor
agonists in people living with obesity and/or type 2
diabetes. BDA & BNF; 2024. Available from: https://
www.bda.uk.com/resource-report/joint-policy-statement-
regarding-glp-1-gip-receptor-agonists-in-people-living-
with-obesity-and-or-type-2-diabetes.html

47. World Health Organization. WHO guideline on the use
of glucagon-like peptide-1 (GLP-1) therapies for the
treatment of obesity in adults. Geneva, Switzerland:
World Health Organization; 2025. Available from:
https://www.who.int/news/item/01-12-2025-who-
issues-global-guideline-on-the-use-of-glp-1-medicines-
in-treating-obesity

48. Balogun B. Weight loss medicines in England. London,
UK: House of Commons Library; 2025. Available
from: https://commonslibrary.parliament.uk/research-
briefings/cbp-10171/

49. Alhiary R, Kesselheim AS, Gabriele S, Beall RF, Tu SS,
Feldman WB. Patents and regulatory exclusivities on GLP-
1 receptor agonists. JAMA. 2023; 330 (7): 650–7. doi:
10.1001/jama.2023.13872

50. Kabiri M, Ward AS, Ramasamy A, Kee R, Ganguly R,
Smolarz BG, et al. Simulating the fiscal impact of anti-
obesity medications as an obesity reduction strategy. Inq
J Health Care Organ Provis Financ. 2021; 58: 1–9. doi:
10.1177/0046958021990516

51. Hernandez I, Wright DR, Guo J, ShrankWH.Medicare part
D Coverage of anti-obesity medications: a call for forward-
looking policy reform. J Gen Intern Med. 2024; 39 (2):
306–8. doi: 10.1007/s11606-023-08416-9

52. Hwang JH, Laiteerapong N, Huang ES, Mozaffarian D,
Fendrick AM, Kim DD. Fiscal impact of expanded medicare
coverage for GLP-1 receptor agonists to treat obesity. JAMA
Health Forum. 2025; 6 (4): e250905. doi: 10.1001/jama-
healthforum.2025.0905

53. Pedersen SD,Manjoo P,Dash S, JainA, PearceN, PoddarM.
Pharmacotherapy for obesity management in adults: 2025
clinical practice guideline update. CMAJ. 2025; 197 (27):
E797–809. doi: 10.1503/cmaj.250502

ACADEMIA DRUG DEVELOPMENT AND PHARMACOTHERAPY 2026, 2 16 of 16

https://doi.org/10.20935/AcadDrug8360
https://dx.doi.org/10.1016/j.ajcnut.2023.04.017
https://dx.doi.org/10.1111/dom.12932
https://dx.doi.org/10.1016/j.lfs.2022.120947
https://dx.doi.org/10.1111/dom.70666
https://dx.doi.org/10.1007/s40279-022-01707-x
https://dx.doi.org/10.1007/s40279-022-01707-x
https://dx.doi.org/10.1111/obr.13177
https://dx.doi.org/10.1056/NEJMoa2307563
https://dx.doi.org/10.1016/S0140-6736(09)61375-1
https://dx.doi.org/10.1016/S0140-6736(09)61375-1
https://dx.doi.org/10.1002/osp4.743
https://dx.doi.org/10.1186/s12916-025-04200-0
https://dx.doi.org/10.1111/obr.13929
https://dx.doi.org/10.1186/s12933-023-01765-z
https://www.bda.uk.com/resource-report/joint-policy-statement-regarding-glp-1-gip-receptor-agonists-in-people-living-with-obesity-and-or-type-2-diabetes.html
https://www.bda.uk.com/resource-report/joint-policy-statement-regarding-glp-1-gip-receptor-agonists-in-people-living-with-obesity-and-or-type-2-diabetes.html
https://www.bda.uk.com/resource-report/joint-policy-statement-regarding-glp-1-gip-receptor-agonists-in-people-living-with-obesity-and-or-type-2-diabetes.html
https://www.bda.uk.com/resource-report/joint-policy-statement-regarding-glp-1-gip-receptor-agonists-in-people-living-with-obesity-and-or-type-2-diabetes.html
https://www.who.int/news/item/01-12-2025-who-issues-global-guideline-on-the-use-of-glp-1-medicines-in-treating-obesity
https://www.who.int/news/item/01-12-2025-who-issues-global-guideline-on-the-use-of-glp-1-medicines-in-treating-obesity
https://www.who.int/news/item/01-12-2025-who-issues-global-guideline-on-the-use-of-glp-1-medicines-in-treating-obesity
https://commonslibrary.parliament.uk/research-briefings/cbp-10171/
https://commonslibrary.parliament.uk/research-briefings/cbp-10171/
https://dx.doi.org/10.1001/jama.2023.13872
https://dx.doi.org/10.1177/0046958021990516
https://dx.doi.org/10.1007/s11606-023-08416-9
https://dx.doi.org/10.1001/jamahealthforum.2025.0905
https://dx.doi.org/10.1001/jamahealthforum.2025.0905
https://dx.doi.org/10.1503/cmaj.250502

	Introduction 
	Search strategy and data sources 
	Eligibility criteria 
	Selection and data synthesis 

	Review findings and discussion 
	Pathophysiological mechanisms of obesity 
	Mechanisms and pharmacokinetics of GLP-1 receptor agonists 
	Evidence of GLP-1 analogues on the eating regulatory system 
	Evidence of GLP-1 analogues on weight loss 
	Comparative efficacy in weight loss and adiposity reduction 
	Predictors of clinical response, muscle preservation mechanisms and pediatric application 
	Cardiometabolic outcomes beyond weight reduction 
	Novel oral formulations and the challenge of discontinuation 

	Evidence of different therapies on weight loss 
	Surgical versus pharmacological interventions 
	Synergistic and combined therapeutic approaches 
	Multidisciplinary management, public policy, and treatment sustainability 

	Main challenges for implementation 
	Limitations 

	Conclusions 

