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Abstract

Introduction. Obesity is now considered to be one of the largest public health challenges of
the twenty-first century, with over one billion adults affected. With conventional treatments
such as lifestyle modifications and bariatric surgery being either ineffective or unavailable to
the majority of obese individuals, there is an urgency for the development of safe and effective
pharmacologic therapies. GLP-1 receptor agonists have developed into a unique and highly
successful class of drugs that produce clinically relevant weight loss in addition to improving
cardiovascular and metabolic risk factors.

Aim of the Study. This review aims to provide a practical and inclusive summary of GLP-1
receptor agonist therapy in obesity, focusing on mechanism of action, currently approved agents,
clinical effectiveness, safety profiles and next generation therapeutic approaches.
Methodology. A literature search was conducted in PubMed/MEDLINE and ClinicalTrials.gov,
covering publications from 2015 to March 2026. Randomized controlled trials, systematic
reviews, meta-analyses, and expert consensus papers were prioritized.

Conclusions. The GLP-1 receptor agonists represent a paradigm shift in the treatment of
obesity, achieving weight reductions of up to 21%. Both medications also appear to reduce
cardiovascular disease risk in non-diabetic populations. While gastrointestinal side effects are
the most commonly reported adverse reactions associated with these medications they can be
effectively managed. As with all chronic diseases, once these medications are discontinued,
patients will experience weight gain which emphasizes the importance of providing long term
treatment options. Next-generation agents, including retatrutide and the cagrilintide-

semaglutide combination, show even greater weight-reducing potential. Ensuring equitable



access, long-term safety monitoring, and individualized treatment approaches remain the key
challenges for the field.
Keywords: glucagon-like peptide-1 receptor agonists, obesity, semaglutide, tirzepatide,

liraglutide, weight loss

1. Introduction

Obesity is today viewed as a chronic condition caused by a complex combination of factors that
tend to recur and negatively affect health and health systems at both the level of the individual
and society. As defined by the World Health Organization, obesity is considered to be a leading
non-communicable disease. Due to its increasingly rapid spread globally, obesity has become
an urgent concern for scientists, policymakers and other stakeholders. According to data
provided by the NCD Risk Factor Collaboration, the combined prevalence of being overweight
or obese reached 50 percent in adults throughout the world by 2022; there are over 1 billion
people who are currently classified as obese - more than double the number of people classified
as obese in 1990 [1]. This trend is also concerning in terms of young people (children and
adolescents) and underscores the inter-generational aspects of this public health crisis. This is
an especially pressing concern due to the many adverse effects that are associated with obesity
such as an increased risk of developing type 2 diabetes mellitus, cardiovascular disease, certain
types of cancer, obstructive sleep apnea, non-alcoholic fatty liver disease, osteoarthritis, and a
decreased life expectancy, all of which represent an enormous strain on patients and healthcare

systems.

Lifestyle intervention treatments primarily consisting of diet modification, increased physical
activity, and behavioral counseling have traditionally formed the foundation of managing
obesity. However, although these interventions may be successful in achieving clinically
meaningful weight loss for a relatively brief period, they generally fail to promote long-term
sustained weight loss. A variety of biological responses occur when attempting to lose weight
including decreases in resting metabolic rate, increases in hormones that stimulate hunger and

changes in gut microbiota all contribute to create a physiological environment that promotes



weight gain after initial weight loss. Bariatric surgery represents the most effective method for
treating severe obesity through promoting durable weight loss and significant improvements in
metabolism, however, the invasiveness of bariatric surgery, the inherent risks associated with
surgical procedures and the limited availability limits the ability to use this approach as a viable

option for the vast majority of those suffering from obesity.

Historically, pharmacologic treatments designed specifically for the treatment of obesity have
had limited efficacy and serious safety issues related to their use. Several products marketed
for obesity treatment were removed from use prior to the advent of glucagon-like peptide-1
(GLP-1) based treatments. The introduction of GLP-1 receptor agonists as anti-obesity drugs
has dramatically altered this paradigm [2]. Initially developed as glucose lowering agents for
the treatment of type 2 diabetes mellitus, GLP-1 receptor agonists produced substantial and
sustained reductions in body weight. Consequently, investigators began exploring their
potential as anti-obesity drugs and eventually received regulatory approval as dedicated obesity

treatments.

GLP-1 is an incretin hormone released from intestinal L-cells in response to ingestion of
nutrients. Its influence extends to multiple organs including the pancreas, brain, gastrointestinal
tract, cardiovascular system and thus affects appetite regulation, insulin secretion and energy
homeostasis [3]. GLP-1 offers a wide range of targets for pharmacologic manipulation, making
it an appealing drug development candidate since therapeutic manipulation of its receptor could
potentially induce beneficial effects simultaneously on multiple metabolic pathways. The
pharmacologic properties of GLP-1 receptor agonists allow them to mimic the endogenous

effects of GLP-1 while providing longer duration of action than that of the native hormone.

Since the approval of liraglutide for obesity treatment in 2014, considerable progress has
occurred in the evolution of therapeutics available for the treatment of obesity. For example,
semaglutide was originally developed as a weekly subcutaneously administered injection for
type 2 diabetes mellitus; however subsequent trials have demonstrated remarkable effectiveness
in facilitating weight loss through achieving mean weight losses of around 15% in clinical trials
[4]. More recent evidence supporting additional advancements include results obtained from
studies using tirzepatide - a dual GIP/GLP-1 receptor agonist that has facilitated weight loss
comparable to that observed with bariatric surgery [5]; these findings have initiated increasing
debate regarding whether GLP-1-based treatments should be re-established as a standard-of-

care for obesity [2]. Furthermore, an increasing number of new generation multi-receptor



agonists and combination therapies are under development that will likely expand opportunities
for pharmacologic weight loss beyond what we have seen to date.

Despite the impressive advancements made in GLP-1 receptor agonist therapy for obesity,
several critical questions still exist relative to long-term safety profiles, treatment sustainability
upon discontinuation, equity of access to these agents, cost-effectiveness analyses, and optimal
placement within overall obesity management algorithms. Therefore, this narrative review aims
to provide readers with a broad and clinically relevant overview of current state of affairs related
to GLP-1 receptor agonist therapy for obesity; topics included in this review include
mechanisms of action, approved agents, clinical efficacy, safety profiles, emerging therapeutic

options.

2. Methodology

This article is a narrative review of the current literature on GLP-1 receptor agonists in the
pharmacological management of obesity. A literature search was conducted using
PubMed/MEDLINE and ClinicalTrials.gov databases. The search covered publications from
January 2015 to March 2026, with particular emphasis on studies published between 2020 and
2026, given the rapid evolution of evidence in this field.

The search strategy used a combination of Medical Subject Headings (MeSH) terms and free-

text keywords, including: “GLP-1 receptor agonists,” “glucagon-like peptide-1,” “obesity,”

29 ¢¢ 29 ¢c 29 ¢¢ 99 ¢¢ 29 <

“overweight,” “semaglutide,” “liraglutide,” “tirzepatide,” “retatrutide,” “cagrilintide,” “weight

29 ¢¢ 99 ¢¢ 29 ¢¢ 99 ¢¢

loss,” “weight management,” “anti-obesity medication,” “pharmacotherapy,” “cardiometabolic
outcomes,” and “incretin-based therapy.” Boolean operators (AND, OR) were applied to
combine search terms across different domains. The review prioritized phase 2 and phase 3
randomized controlled trials (RCTs), landmark cardiovascular outcome studies, and recent
systematic reviews and meta-analyses as primary sources of evidence; narrative reviews and
expert consensus papers were also included where they provided relevant clinical context.
Original studies were included if they enrolled adult patients (>18 years) with overweight or
obesity, reported clinically relevant outcomes such as change in body weight, metabolic
parameters, or adverse effects, and were published in peer-reviewed journals in English.
Original observational studies without a comparator group, studies focused exclusively on
pediatric populations, and reports lacking adequate methodological detail were excluded.

Reference lists of included articles were hand-searched to identify additional relevant



publications not captured by the primary electronic search. The final selection of studies was
guided by clinical relevance, methodological rigor, and the currency of the evidence.

3. Results

3.1. Mechanism of Action of GLP-1 Receptor Agonists in the Regulation of Body Weight

GLP-1 is a 30 amino acid incretin peptide produced by the L-cells predominantly found in the
distal small intestine and colon as an end product of proglucagon. Circulating GLP-1 has a very
short half-life in normal physiological conditions of about 1 — 2 minutes, primarily because it
is quickly degraded by DPP-4. Therefore, GLP-1 receptor agonist drugs are designed to be
resistant to this enzymatic degradation so that there can be prolonged receptor activity that will

support therapy [6].

Depending upon how they are chemically structured, GLP-1 receptor agonists could potentially
be injected once per day, one time each week, or even orally one time per day with future

developing oral formulations.

There are multiple effects to GLP-1 receptor agonists that contribute to weight loss including
both central and peripheral mechanisms [7]. Central to its actions within the CNS is the
expression of GLP-1 receptors in critical hypothalamic nuclei involved in energy homeostasis
such as the arcuate nucleus, the paraventricular nucleus and the nucleus tractus solitarius located
in the brain stem [8]. Upon activating these receptors, GLP-1 stimulates satiation signaling and
inhibits orexigenic drive. Also suppressed are neuropeptide Y and agouti-related protein
production, two important promoters of food intake. The combined outcome results in smaller
meals, fewer meals and less calories consumed overall while no voluntary dietary restrictions

are required of the patient.

In addition to its actions at the level of the hypothalamus, GLP-1 receptor agonists modulate
the mesolimbic dopaminergic pathway that controls reward-based consumption behaviors [8].
Through reducing the hedonic desire to consume calorie dense, but typically palatable foods;
GLP-1 receptor agonists decrease food cravings and induce changes in eating patterns that
differ significantly from those induced by typical appetite suppressant medications. It is
possible that much of the significant weight loss observed in clinical trials with GLP-1 receptor
agonists results from decreased craving for high fat and high sugar containing foods reported

by subjects undergoing treatment.



Additionally, at the peripheral level, GLP-1 receptor agonists directly affect function within the
Gl tract. Specifically, GLP-1 receptor agonists slow down the rate of gastric emptying [6],
thereby increasing feelings of postprandial satisfaction. Further, delayed gastric emptying
decreases postprandial blood glucose levels and induces early cessation of meal intake. Vagal
afferent neurons providing connection between the stomach and the brainstem, transmit
sensation of satiety secondary to activation of GLP-1 receptors, providing additional centrally
mediated reductions in food intake [7]. Thus, the concurrent action across gut-brain signaling
pathways provides a distinguishing characteristic between GLP-1 receptor agonists and

previously used appetite suppressants that were mostly limited to a single mechanism of action.

Finally, GLP-1 receptor agonists produce some degree of alteration in energy expenditure.
Although clearly secondary to the alterations in appetite that lead to reduced caloric intake,
preclinical data suggest that activation of brown adipose tissue thermogenesis and alterations
in hepatic lipid metabolism contribute to improvements in metabolic efficiency [6].
Furthermore, GLP-1 receptors have been identified in cardiac muscle cells, vascular cells and
renal cells suggesting that many of the pleiotropic effects of these agents go well beyond
established metabolic pathways. Ultimately, all of these mechanisms contribute to long-term

negative energy balance, leading to progressive weight reduction over time.

3.2. Approved GLP-1 Receptor Agonists for Obesity Treatment: Liraglutide,

Semaglutide, and Tirzepatide

At present, there are three agents approved by regulatory authorities in major markets for the
treatment of obesity in adult populations. These include liraglutide, semaglutide, and tirzepatide.
Each drug has a common basis through GLP-1 receptor activation; however, they demonstrate
considerable differences in terms of molecular structure, receptor selectivity, dosing frequency,
and clinical efficacy. Thus, the sequential evolution of these drugs illustrates the overall
progression of incretin-based pharmacotherapy, where each successive generation builds upon

the shortcomings of the previous generation.

Liraglutide is a long chain fatty acid-acylated GLP-1 analogue delivered as a subcutaneous
injection on a once per day regimen. Approval for use in obesity management was based on the
results of the SCALE Obesity & Prediabetes trial (Pi-Sunyer et al., 2015) - a randomized phase
I11 trial evaluating over 3700 adults who had either overweight or obese BMI without type 2
diabetes [9]. Participants treated with 3mg liraglutide resulted in a median weight loss of about
8.4 % of initial weight after 56 weeks relative to 2.8 % in subjects treated with a placebo. A



statistically greater number of subjects treated with liraglutide achieved at least a 5% weight
reduction, along with beneficial changes in blood pressure, glycemic markers, and lipid profiles
[9]. Despite its proven efficacy, the need to administer it daily and the lower degree of weight
loss when compared to later agents position liraglutide as a first-generation agent within this

therapeutic class.

Semaglutide is a GLP-1 analogue that is structurally 94% similar to native GLP-1 and has been
chemically altered to facilitate once-weekly subcutaneous delivery and longer duration of
receptor binding. The pivotal phase 111 STEP 1 (Wilding et al., 2021) trial examined the safety
and efficacy of weekly subcutaneous delivery of semaglutide to adults with a BMI >30 kg/m?
or >27 kg/m? and at least one weight related comorbidity [10]. Following 68 weeks of treatment
with semaglutide, subjects exhibited a mean weight loss of 14.9%, whereas subjects treated
with a placebo exhibited a mean weight loss of 2.4%. More than one third of subjects treated
with semaglutide lost at least 20% of their initial weight. The STEP 3 (Wadden et al., 2021)
trial showed that delivering semaglutide concomitantly with intensive behavioral therapy
generated even greater outcomes, with a mean weight loss of 16.0% [11]. Subjects exhibited
improvements in waist circumference, blood pressure and quality of life assessments.
Collectively, these data provide evidence that semaglutide constitutes a major advancement in

the field of pharmacologic obesity treatments.

Tirzepatide is a qualitative leap forward in this therapeutic class. Tirzepatide is a dual GIP
(glucose-dependent insulinotropic peptide) and GLP-1 receptor agonist administered by
subcutaneous injection on a weekly basis. Through simultaneous stimulation of two
complementary incretin receptors, tirzepatide creates synergy among appetite-suppressant
activity, insulin secretion and energy homeostasis. The SURMOUNT-1 (Jastreboff et al., 2022)
trial investigated the safety and efficacy of weekly subcutaneous delivery of tirzepatide at doses
of 5, 10 and 15 mg to adults with obesity or being overweight [12]. Mean weight losses after
72 weeks were found to be 15.0%, 19.5% and 20.9% at doses of 5 mg, 10 mg and 15 mg
respectively. Approximately 57% of subjects in the highest dose group achieved at least 20%
weight loss — outcomes previously considered to be achievable solely through surgical
intervention. Further, fasting glucose, HbAlc, blood pressure and triglyceride values were
reduced by substantial amounts in all dosage groups. Importantly, these weight loss benefits
were achieved while providing subjects with behavioral counseling, thereby highlighting the
pharmaceutical potency of tirzepatide [12].



3.3. Clinical Efficacy: Weight Reduction, Metabolic and Cardiometabolic Outcomes

The clinical effectiveness of GLP-1 receptor agonist drugs extend far beyond mere weight loss.
They show real-world improvements in all areas of metabolic and cardio-metabolic risks, which
represent the most critical consequences of obesity.

One of the first large scale trials demonstrating the cardiovascular effectiveness of these
medications was the SELECT (Lincoff et al., 2023) trial, a randomized, placebo controlled trial
examining the safety and efficacy of weekly doses of 2.4mg semaglutide in approximately
17,600 adults who were obese/overweight and had established cardiovascular disease but no
type 2 diabetes [13]. In a follow-up after approximately 34 months, participants receiving
semaglutide experienced a 20% relative risk decrease in major adverse cardiovascular events
(MACE) which included non-fatal myocardial infarction, non-fatal stroke and cardiovascular
mortality. This was the first trial to demonstrate cardiovascular risk reduction with an anti-
obesity medication in a non-diabetic population, establishing semaglutide as a cardioprotective
agent beyond its weight-lowering effects [13]. In addition, it appears that the cardiovascular
protection provided by semaglutide exceeded the protection expected solely from weight loss
itself; thereby indicating possible direct vascular and anti-inflammatory effects resulting from

the stimulation of GLP-1 receptors.

Long term data from the SURMOUNT-1 (Jastreboff et al., 2025) extension trial showed similar
metabolic benefits of tirzepatide. Individuals who completed the longer term follow up period
maintained significant weight loss while experiencing decreases in waist circumference, HbAlc,
fasting plasma glucose, systolic blood pressure and triglycerides levels [14]. Additionally, a
notable result was that the incidence of developing type 2 diabetes among those with
prediabetes at baseline was dramatically reduced in the group receiving tirzepatide. This may
indicate a "disease modifying" effect for tirzepatide independent of glucose lowering. This

finding is important because prediabetes is common in obese populations.

Additional information regarding comparative efficacy between different GLP-1 receptor
agonists has recently become available. For example, the STEP 8 (Rubino et al., 2022) trial
evaluated the efficacy of once weekly semaglutide 2.4mg versus daily liraglutide 3.0mg for 68
weeks in adults who were obese/overweight without type 2 diabetes [15]. At the conclusion of
this study, semaglutide produced significantly more mean weight loss (15.8% vs 6.4%), along
with greater improvements in each cardiometabolic risk factor evaluated. Therefore,

semaglutide is now considered superior to liraglutide for use in weight management in almost

10



every clinical setting due to its greater efficacy and the added convenience of once-weekly

administration.

Emerging therapies with existing clinical trial data include the combination therapy CagriSema
(a combination of cagrilintide and semaglutide). The REDEFINE 2 (Davies et al., 2025) trial
assessed the efficacy of CagriSema in adults who were obese/overweight and had type 2
diabetes [16]. This combination produced clinically relevant improvements in body weight and
glycemic control. Overall, the findings support the potential utility of dual action hormone
replacement strategies in managing complex metabolic diseases [16]. The ability to
simultaneously reduce both obesity and diabetes with a single agent may offer an attractive

solution to the high percentage of patients diagnosed with both conditions.

Overall, there is substantial evidence that GLP-1 receptor agonists - especially their new and
stronger versions - provide better body weight loss, improved glycemic control, lipid changes,
blood pressure changes and cardiovascular outcomes than any other pharmaceutical agent

previously approved for the treatment of obesity.

3.4. Safety Profile, Adverse Effects, and Patient Tolerability

GLP-1 receptor agonists generally are very well tolerated; however, they do have a unique side-
effect profile that providers need to understand so that patients can achieve optimal outcomes
and avoid premature discontinuation of a highly effective long-term therapy. Early adverse
effects - if not recognized or managed by the provider - are one of the main reasons why patients

discontinue what otherwise could be an extremely successful long-term therapy.

The most commonly occurring side effects in patients taking a GLP-1 receptor agonist include
gastrointestinal adverse effects. Many patients report experiencing nausea, vomiting, diarrhea
and constipation, especially during the dose escalation phase [17]. The majority of
gastrointestinal adverse effects associated with GLP-1 receptor agonists are usually dose-
related, transient, and mild-to-moderate in severity. Most gastrointestinal side effects are
experienced by patients during the initial few weeks of treatment or after each dose increase.
Gradually increasing the dose, which is now a standard part of the prescribed regimen for all
approved agents, has dramatically reduced both the frequency and intensity of these adverse
effects. Clinical recommendations suggest reducing the dose temporarily, consuming the
medication with food, eating small, more frequent meals, avoiding fatty and fiber-rich foods,

and maintaining adequate fluid intake to help alleviate gastrointestinal adverse effects and

11



manage gastrointestinal intolerance in clinical settings [18]. In most patients, these symptoms
resolve within weeks without the need for discontinuation of the therapy.

Beyond gastrointestinal symptoms, several other adverse effects warrant attention. Rare cases
of acute pancreatitis have been reported with GLP-1 receptor agonist use, and these agents are
generally contraindicated in patients with a personal or family history of medullary thyroid
carcinoma or multiple endocrine neoplasia type 2, based on preclinical evidence of thyroid C-
cell stimulation in rodent models [19]. However, observational data in humans have not
confirmed a significantly elevated risk of thyroid malignancy to date. Cholelithiasis and
cholecystitis have been reported at higher rates in patients receiving these medications, likely
related to the rapid weight loss they induce rather than a direct drug effect [19]. Hypoglycemia
Is not a primary concern when these agents are used as monotherapy in non-diabetic patients,

given their glucose-dependent mechanism of insulin secretion stimulation.

Injection site reactions are relatively uncommon and rarely clinically significant. Rare reports
of gastroparesis and severe gastrointestinal events, including ileus and bowel obstruction, have
emerged from real-world pharmacovigilance data, necessitating ongoing observation [19].
Patients with pre-existing gastroparesis or significant gastrointestinal dysmotility should be
assessed carefully before initiating therapy, as the gastric-emptying-delaying effects of these

agents may elevate underlying conditions.

A clinically important consideration is the phenomenon of weight regain following treatment
discontinuation. A systematic review and meta-analysis examining outcomes after cessation of
GLP-1 receptor agonist therapy found that patients regained a substantial proportion of lost
weight within months of stopping treatment, with near-complete weight recovery in some over
longer follow-up [20]. This observation reinforces the concept of obesity as a chronic disease
requiring sustained pharmacological intervention, analogous to the need for continuous
antihypertensive or lipid-lowering therapy. It also underscores the importance of developing
strategies to support long-term treatment adherence, including patient education on the chronic
nature of the disease, affordable access to medication, and the possible use of lower

maintenance doses to balance efficacy with tolerability.
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3.5. Emerging Therapies and Future Directions: Next-Generation Agonists and

Combination Approaches

The phenomenal success of semaglutide and tirzepatide has initiated a historic expansion of
anti-obesity drug development pipeline. Many new drugs and combinations of drugs are now
in the investigative phases of clinical studies. These new drugs represent a greater
acknowledgment by the medical community that obesity should receive similar levels of
pharmacologic innovation that has improved the treatment options for many chronic conditions
like type 2 diabetes and heart failure.

Retatrutide is a triple hormone receptor agonist that acts on GLP-1, GIP and glucagon receptors.
Glucagon receptor agonism will provide additional avenues for increasing energy expenditure
through increased hepatic fatty acid oxidation and brown fat activation. Retatrutide produced
dose dependent weight losses up to 24.2% of baseline body weight in a phase 2 randomized
controlled trial study using the highest dose for 48 weeks. The results demonstrate the greatest
amount of pharmacologically induced weight loss ever reported in a clinical study [21]. Nausea
and vomiting were identified as the most common side effects with tolerability being generally
consistent with that of the GLP-1 receptor agonist class. Additionally, a systematic review and
meta-analysis of available phase 2 data confirm a positive efficacy and safety profile for

retatrutide; providing strong support for advancing retatrutide to Phase 3 trials [22].

Combining cagrilintide, a long-acting amylin analogue, with semaglutide, provides another
highly promising strategy. The combination of these two agents was assessed in the REDEFINE
1 (Garvey et al., 2025) trial conducted in overweight or obese adults without diabetes. Weight
losses of approximately 22.7% were achieved at 68 weeks using CagriSema, which exceeded
the weight losses achieved when either agent was administered alone [23]. Each component of
this combination exerts unique mechanisms of action; semaglutide reduces appetite by
activating GLP-1 receptors whereas cagrilintide activates amylin receptors located in the area
postrema and hypothalamus to produce prolonged postprandial satiety, slow gastric emptying,
reduce glucagon release and extend the duration of these responses [23]. The additive effect of
combining these two neuroendocrine pathways demonstrates how complementary pathways
can be combined to achieve meaningful enhancements in weight loss relative to what can be

achieved by administering a single agent.

A large number of potential novel therapeutic targets are also being investigated. Examples

include GLP-1/glucagon dual agonists, peptide Y'Y analogs, FGF21 receptor agonists, and oral
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forms of current GLP-1 receptor agonists [24]. Of particular note among non-peptide small
molecule oral GLP-1 receptor agonists is their ability to greatly enhance access and patient
compliance relative to injectable formulations. Enhanced compliance will allow for greater
inclusion of certain demographics previously unable to access GLP-1 receptor agonists. While
early-stage clinical trial data suggest promise for several of these compounds, longer term
efficacy and safety have yet to be determined [24].

An important concept behind the design of next generation agents is the idea that obesity is
influenced by a variety of hormones involved in the control of energy balance. Therefore, it is
likely that future pharmacotherapies will involve combinations of agents that target each
patient's unique metabolic phenotypes, comorbidities and treatment goals [24].
Pharmacogenomics, metabolomics and digital health tools may also become incorporated into
obesity treatment so that patients with a high likelihood of responding to specific therapies can
be identified.

4. Discussion

The emergence and rapid development of GLP-1 receptor agonist therapies presents a major
shift in the field of obesity medicine over the last few decades. The drugs' multi-faceted
mechanism of action, clinically relevant efficacy, and favorable safety profile have changed the
landscape of a disease that has traditionally had very limited options for pharmacologic
treatment. These treatments do not stop with weight loss; they also improve cardiovascular risk
factors, glucose metabolism, and overall metabolic function. They are therefore truly disease

modifying agents for what we refer to broadly as the cardiometabolic syndrome.

The progression from liraglutide to semaglutide and tirzepatide demonstrates a pattern of
increasing efficacy in which each new agent provides greater weight loss than the previous
agent, ultimately approaching the levels seen after bariatric surgery [5]. The dramatic
improvement in efficacy achieved by the newer agents is prompting a reevaluation of how
obesity should be classified and treated, including increased recognition that obesity should be
viewed as a chronic relapsing medical illness requiring long term pharmacologic treatment [2].
The analogy to other chronic diseases - where pharmacotherapy is accepted as an indefinite
intervention - is increasingly applied to obesity, and GLP-1 receptor agonists are at the forefront

of this conceptual transformation.
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The demonstration of reduced cardiovascular risk using semaglutide in the SELECT (Lincoff
et al., 2023) trial has both important clinical and public health implications [13]. It is the first
anti-obesity drug to show a reduction in major adverse cardiac events in a non-diabetic
population. The findings from the trial extend the therapeutic rationale for use of GLP-1
receptor agonists beyond just managing obesity and into secondary cardiovascular prevention
and are expected to significantly affect current practice, guideline recommendations, insurance
coverage, and prescribing patterns among practicing cardiologists and endocrinologists caring

for obese patients with related cardiovascular co-morbidity.

Although there have been numerous breakthroughs in obesity treatment, several limitations
exist. Long term effectiveness of treatments has yet to be determined. In fact, available research
demonstrates rapid regain of weight upon cessation of therapy; thus it appears possible that long
term (potentially life-long) treatment is required to realize sustained benefits from obesity drugs
[20]. These considerations create significant issues regarding cost and availability of these
medications. As the cost of these medications is currently very high, many patients cannot
afford the medication even if it was covered by insurance [25]. Thus, in addition to additional
pharmaceutical developments, resolving systemic barriers (e.g., through regulatory actions,

generic competition, etc.) will be similarly important.

As noted above, adherence and tolerance present challenges in real world settings. While
gastrointestinal side effects typically can be managed by slowly increasing doses, this remains
the most common reason for early termination of therapy in clinical practice [17]. Patient
education on the structured approach to manage gastrointestinal side effects; follow-up visits
during the initial dose titration period; and individualization of the therapeutic strategy are all
crucial factors for success in treating obese individuals using GLP-1 receptor agonists [18].
Providing patients with proactive communication about the timing and methods for managing

gastrointestinal side effects will likely help avoid premature discontinuation of therapy.

Newer generation agents (retatrutide, CagriSema, oral GLP-1 receptor agonists, etc.) being
developed promise both increased efficacy and greater accessibility of pharmacologic obesity
treatment options [26]. Pharmacologically induced weight loss of 25-30% could potentially
place pharmacology in direct competition with bariatric surgery for obese patients who do not
wish to or are incapable of undergoing bariatric surgery. However, it will be imperative that as
development of new pharmacologic obesity treatment accelerates, similar vigilance will need

to occur with respect to conducting long term safety surveillance.
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It is unlikely that a sustainable model for obesity care will be created solely based on
pharmacologic innovations. Rather, structural models designed to address food environment
issues; physical activity infrastructure needs; social economic determinants of health; and
educational requirements for healthcare providers are necessary complementary tools to
pharmacologic treatment [27]. Additionally, as the number of pharmacologic options increases,
it will be critical to provide robust long-term safety data for cardiovascular disease; cancer;
kidney function; and musculoskeletal health so that informed decision-making regarding
appropriate patient selection and risk assessment can take place [28]. Registries and studies

utilizing real-world evidence will be vital for developing the needed data.

During the next few years, it is expected that combination pharmacotherapies targeting multiple
receptor pathways will become the standard of care for obesity, much like combination drug
regimens have become the norm for treating hypertension, hyperlipidemia, and type 2 diabetes
[28]. The major hurdle will be translating these advances into equitable access and substantial

health improvement across diverse patient populations [27].

5. Conclusions

The introduction of GLP-1 receptor agonists has significantly improved how clinicians treat
obesity through the delivery of substantial and long-lasting reductions in body weight, as well
as by improving both metabolic and cardiometabolic risk factors. Semaglutide’s demonstration
of an improvement in cardiovascular risk within a non-diabetic population, and Tirzepatide's
achievement of weight loss comparable to bariatric surgery, indicate that there is considerable
additional therapeutic benefit available with this class of drugs. Furthermore, the developing
pipeline of next generation agents, especially retatrutide and cagrilintide-semaglutide

combination products, indicates that the full potential of this drug class has yet to be realized.

To move pharmacologic innovations toward betterment of the population level burden of
obesity, it will be necessary to address issues associated with duration of therapy; weight regain
after discontinuing therapy; tolerance of gastrointestinal side effects; costs; and equity of access.
Safety over the long term, particularly derived from real world experience and post-marketing
surveillance, will be critical to ensure that such therapies can be safely integrated into general
clinical practices. Decisions regarding which type of GLP-1 receptor agonist to prescribe, at
what dose, and which co-morbidities to manage on an individual basis will determine the

optimal use of these therapies.

16



Additionally, continued advancements in our understanding of neuroendocrine regulation of
energy balance may lead to further developments in personalizing treatments using multiple
target pharmacologic strategies to achieve long lasting obesity remission in a greater number
of individuals across a broader and more diverse patient population. GLP-1 receptor agonists
are already foundational to the treatment of obesity; they are expected to become even more so
in the future. The greatest challenge facing the field moving forward is ensuring that the benefits
associated with GLP-1 receptor agonists are equitably available to all patients regardless of

social economic status or geographic location.
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