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ABSTRACT

Obesity remains a major global health challenge with limited pharmacological options that
combine efficacy and long-term safety. Traditional anti-obesity drugs, targeting energy
expenditure and appetite, often present significant cardiovascular and neuropsychiatric risks. In
contrast, glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have emerged as promising
agents due to their dual benefits of glycemic control and weight reduction. GLP-1, an
enteroendocrine hormone, enhances insulin secretion, suppresses glucagon release, and
modulates appetite via central pathways. By binding to receptors in the hypothalamus and
brainstem, GLP-1 RAs promote satiety, delay gastric emptying, and modulate reward-related
eating behaviors, thereby reducing caloric intake. Meta-analyses of randomized controlled trials
have demonstrated significant body weight reductions in both diabetic and non-diabetic
individuals, with semaglutide showing particularly robust outcomes compared to liraglutide
and exenatide. Beyond weight loss, GLP-1 RAs improve insulin sensitivity, lipid profiles, and

cardiovascular risk factors. However, their use is associated with gastrointestinal side effects
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such as nausea, vomiting, and diarrhea, which can affect treatment adherence. While concerns
about potential impacts on pancreatic and thyroid tissues have been raised, current large-scale
studies do not confirm a causal relationship. Overall, GLP-1 RAs represent a significant
advancement in obesity pharmacotherapy by integrating appetite suppression, delayed gastric
emptying, and metabolic improvements. Continued research is needed to further optimize their

clinical application and ensure long-term safety in obesity management.

Key words: GLP-1 receptor agonists, obesity pharmacotherapy, appetite regulation, weight

loss

INTRODUCTION

The majority of pharmacological agents developed to date for the treatment of obesity have not
demonstrated sufficient clinical efficacy nor an acceptable safety profile to support their long-
term use in routine medical practice. In particular, compounds that act by increasing energy
expenditure—such as thyroid hormones, sympathoadrenergic agents, or sibutramine—exhibit
limitations primarily due to their lack of cardiovascular safety, thereby constraining their
therapeutic application in chronic obesity management. Moreover, the potential for serious
adverse events related to increased sympathetic activity has further discouraged their
widespread adoption.

Centrally acting appetite suppressants have also proven suboptimal: while some, such as
serotonin reuptake inhibitors, exhibit limited long-term effectiveness, others, including
amphetamine derivatives and cannabinoid receptor antagonists, have been associated with
significant neuropsychiatric adverse effects, thus raising concerns regarding their long-term
tolerability and safety (1). These safety limitations underscore the urgent need for safer, more
effective pharmacological alternatives for long-term obesity management. Glucagon-like

peptide-1 (GLP-1) is an incretin hormone of enteroendocrine origin, primarily secreted in the



postprandial state in response to nutrient intake. It plays a pivotal role in the regulation of
glucose homeostasis by stimulating insulin secretion in a glucose-dependent manner and
concurrently inhibiting glucagon release from pancreatic a-cells, also in a dose-dependent
fashion (2) . As a consequence of these pharmacodynamic properties, GLP-1 effectively
contributes to the reduction of hyperglycemia without eliciting hypoglycemic episodes, a
characteristic particularly advantageous in the management of type 2 diabetes mellitus (3) . In
light of these physiological attributes, long-acting GLP-1 receptor agonists (GLP-1 RAs) have
been developed and introduced as therapeutic agents intended to improve glycemic control in
individuals diagnosed with type 2 diabetes. These agents are administered via subcutaneous
injection, either on a daily (once or twice) or weekly basis, thus offering enhanced flexibility
and adherence potential in clinical settings (4). Their dosing regimens are designed to
accommodate a wide range of patient lifestyles and therapeutic needs, making them an
increasingly practical option in routine endocrinological practice. Notably, beyond their
glucose-lowering effects, a growing body of clinical evidence has demonstrated that GLP-1
RAs induce significant and sustained weight reduction, thereby positioning them as promising
pharmacological interventions in the context of obesity treatment and long-term weight

management strategies (5) .
Mechanism of action

The effect of GLP-1 and its receptor agonists on body weight regulation is predominantly
attributed to a reduction in caloric intake, which is primarily mediated through the peptide’s
direct influence on central nervous system structures involved in the regulation of appetite and
satiety. Specifically, GLP-1 exerts its central anorexigenic actions by binding to GLP-1
receptors that are widely expressed in critical regions of the brain responsible for energy
homeostasis, such as the hypothalamic arcuate nucleus and specific areas within the brainstem.
Within these regions, GLP-1 enhances satiety signaling and concurrently suppresses hunger-
driven behaviors, thereby contributing to decreased food consumption (6). In addition to
modulating appetite through central mechanisms, activation of the GLP-1 receptor also results
in a deceleration of gastric emptying. This gastrointestinal effect is at least partially mediated
through central pathways involving the autonomic nervous system, which in turn leads to an
extension of postprandial gastric distension and the subjective sensation of fullness, thereby
facilitating a reduction in overall caloric intake(7) . Beyond its well-documented effects on

satiety regulation and gastric motility, GLP-1 also influences reward-driven eating behaviors.



This is achieved through modulation of mesolimbic dopaminergic pathways, which play a key
role in hedonic aspects of food intake. By attenuating dopaminergic activity associated with
food-related reward signaling, GLP-1 reduces the motivational drive to consume palatable,
high-calorie foods, thus further contributing to its weight-lowering effects (8). Among the most
frequently reported adverse effects of GLP-1 receptor agonist therapy is nausea, which may
occasionally be accompanied by vomiting. These gastrointestinal symptoms have been
hypothesized to contribute, at least in part, to the observed weight loss in patients receiving
these agents. Nevertheless, substantial weight reduction has also been observed in individuals
who do not experience such side effects, indicating that the anti-obesity efficacy of GLP-1
receptor agonists cannot be solely attributed to treatment-related nausea. Rather, these findings
suggest that the weight-reducing effects are primarily the result of direct neuroendocrine
mechanisms that modulate appetite, satiety, and energy balance through central and peripheral

pathways (9).

Results

A meta-analysis conducted in 2012, encompassing data from randomized clinical trials,
systematically evaluated the effects of GLP-1 RAs on body weight reduction. This
comprehensive analysis included 22 trials (n = 7,859) with outcomes assessed at six months, as
well as seven trials (n = 2,416) reporting 12-month results. The average baseline body mass
index (BMI) among participants was approximately 32.4 kg/m?, indicating a population with
overweight or class I obesity. After six months of treatment, GLP-1 RAs were associated with
a statistically significant reduction in BMI compared to placebo (weighted mean difference
[WMD]: —1.0 kg/m?; 95% confidence interval [CI]: —1.3 to —0.6), corresponding to an
approximate 3% decrease in total body weight. Notably, greater reductions in BMI were
observed among non-diabetic individuals, suggesting a potentially more pronounced effect of
GLP-1 RAs in populations without metabolic dysregulation. Exenatide demonstrated a BMI
reduction of 1.6 kg/m? in a placebo-controlled trial of six months’ duration (p = 0.002), whereas
liraglutide induced a decrease of 1.2 kg/m? over a 52-week period (p = 0.04). At the 12-month
follow-up, BMI reduction reached —1.9 kg/m? (95% CI: -3.0 to —0.8, p < 0.001), further
substantiating the sustained efficacy of GLP-1 RAs. The observed weight loss appeared to be
independent of the presence or severity of nausea, and was predominantly attributed to central
appetite suppression, delayed gastric emptying, and modulation of reward-related neural
pathways influencing food intake behavior. These findings collectively underscore the

therapeutic utility of GLP-1 RAs as effective weight-lowering agents in both diabetic and non-



diabetic populations, thereby supporting their integration into obesity management strategies
(10). A more recent and methodologically rigorous meta-analysis assessed the effectiveness of
GLP-1 receptor agonists in promoting weight loss among adults with obesity who did not have
concomitant diabetes mellitus. This systematic review incorporated data from randomized
controlled trials published up to September 30, 2021, and included a total of 12 high-quality
studies with a cumulative sample size of 11,459 participants. The pooled analysis revealed a
statistically significant and clinically meaningful reduction in body weight among individuals
receiving GLP-1 RAs compared to those in control groups, with a mean difference of —7.1 kg
(95% CI: —9.2 to —5.0; I> = 99%)), reflecting a robust and consistent therapeutic effect despite
inter-study heterogeneity. In addition to weight reduction, treatment with GLP-1 RAs was
associated with improved glycemic control, notably without an elevated risk of hypoglycemia.
Moreover, beneficial effects were observed across multiple cardiovascular risk markers,
including reductions in systolic blood pressure, plasma low-density lipoprotein (LDL)
cholesterol, and triglyceride concentrations, as well as an increase in high-density lipoprotein
(HDL) cholesterol levels. Subgroup analyses revealed that semaglutide exerted a more
substantial weight-lowering effect in comparison to liraglutide, highlighting differential
pharmacodynamic efficacy among agents within the GLP-1 RA class. However, it is important
to note that the treatment was frequently accompanied by gastrointestinal adverse effects, such
as nausea, vomiting, dyspepsia, diarrhea, constipation, and abdominal discomfort, which may
impact tolerability and adherence in certain patients. These cumulative findings reinforce the
potential of GLP-1 receptor agonists as effective pharmacotherapeutic options for obesity
management, particularly in non-diabetic individuals, and warrant their consideration in
evidence-based clinical guidelines (11). A direct comparison of the effects of GLP-1 receptor

agonists on body weight is presented in Table 1.



Table 1. Summary of GLP-1 RA Effects on Body Weight

Study Findings

Monami et al., 2012 | Participants: 22 trials (n = 7,859); 7 trials (n = 2,416)

Duration: 6 and 12 months

Effect: BMI | 1.0 kg/m? at 6 months (~3% body weight), | 1.9 kg/m?

at 12 months

Population: Overweight / class I obese (mean BMI ~32.4 kg/m?)

Benefits: Appetite suppression, delayed gastric emptying, central

appetite regulation

Side effects: Effect independent of nausea

Igbal et al., 2022 Participants: 12 trials (n = 11,459)

Duration: Various (studies up to 2021)

Effect: Weight | 7.1 kg (95% CI: —9.2 to —5.0)

Population: Obese, non-diabetic adults

Benefits: Improved glycemic control, | SBP, | LDL/TG, 1 HDL

Side effects: Nausea, vomiting, diarrhea, constipation, dyspepsia




Discussion

The relatively limited number of clinical trials that have been specifically designed to
investigate weight loss as the primary endpoint in individuals with obesity who do not have
coexisting type 2 diabetes have consistently provided evidence supporting the efficacy of GLP-
1 RAs as pharmacological agents with significant weight-reducing potential (12). These
findings underscore the relevance of GLP-1 RAs not only in glycemic control but also in the
broader context of weight management in metabolically healthy individuals with obesity. Their
mechanism of action, which includes modulation of appetite, satiety, and reward pathways,
further strengthens the rationale for their clinical application in obesity pharmacotherapy.
Furthermore, it is essential to recognize that the benefits of GLP-1 receptor agonist therapy in
individuals with obesity likely extend beyond weight reduction alone. These agents have
demonstrated the capacity to improve various metabolic parameters, including enhancement of
insulin sensitivity, reduction in systemic inflammation, and a potential lowering of the risk of
progression to type 2 diabetes mellitus. This multifactorial impact is particularly valuable in
addressing the complex pathophysiology of obesity-related disorders. In addition, GLP-1 RAs
may exert favorable effects on cardiovascular health by contributing to reductions in arterial
blood pressure and improvements in lipid profiles. Such pleiotropic actions suggest that GLP-
1 RAs could serve as valuable components of comprehensive obesity treatment strategies,
particularly for individuals at elevated cardiometabolic risk. Despite their clinical promise, the
use of GLP-1 receptor agonists is associated with a number of adverse effects, most of which
pertain to the gastrointestinal (GI) system. The most frequently reported GI symptoms include
nausea, vomiting, diarrhea, constipation, and abdominal discomfort, with nausea being the most
prevalent, reportedly affecting up to 50% of patients undergoing treatment (13). These adverse
events are generally transient and dose-dependent, typically diminishing in severity and
frequency over time as patients continue therapy (14). Patient education and gradual dose
titration have been shown to improve tolerability and adherence during the initiation phase of
treatment. Nevertheless, for a subset of individuals—particularly those receiving higher
therapeutic doses of exenatide or liraglutide—these symptoms may result in reduced adherence
or even treatment discontinuation, thereby potentially compromising therapeutic outcomes.
Beyond gastrointestinal tolerability, several safety concerns have emerged regarding the long-
term use of GLP-1 RAs, particularly in relation to the pancreas and thyroid gland. Preclinical

studies and select observational investigations have suggested a possible association between



GLP-1 RA exposure and increased risks of pancreatic and thyroid neoplasia (15). Specifically,
concerns have been raised about a potential link to pancreatic ductal hyperplasia, pancreatitis,
and, more controversially, pancreatic cancer. However, large-scale, high-quality meta-analyses
have not established a causal relationship between GLP-1 RA therapy and increased malignancy
risk. Similarly, while rodent studies have indicated an association between long-term
administration of GLP-1 RAs and the development of medullary thyroid carcinoma, such
findings have not been substantiated in human clinical trials, suggesting a species-specific
effect rather than a generalizable human risk. GLP-1 RAs have also been linked to an elevated
incidence of gallbladder-related complications, including cholelithiasis and cholecystitis. These
effects are thought to arise from the agents’ impact on delayed gastric emptying and alterations
in bile acid metabolism, both of which may predispose susceptible individuals to biliary stasis.
Although these events are relatively infrequent, they should be considered in the risk-benefit
assessment for long-term therapy. Moreover, isolated case reports have implicated exenatide in
the development of acute kidney injury, primarily due to volume depletion resulting from
persistent gastrointestinal side effects such as vomiting and diarrhea (16). However, clinical
trial data to date have not demonstrated a statistically significant increase in the risk of renal
impairment with GLP-1 RA therapy (17). In summary, while GLP-1 receptor agonists represent
a promising class of agents for obesity treatment—with demonstrated efficacy in promoting
weight loss and improving metabolic and cardiovascular parameters—their use must be
carefully tailored to individual patient profiles, balancing the substantial benefits against

potential adverse effects and safety considerations (18).
CONCLUSION

GLP-1 RAs and their co-agonists represent a highly promising and increasingly utilized class
of pharmacological agents that facilitate significant weight loss through a multitude of complex,
multifactorial, and interconnected physiological mechanisms. By modulating intricate neural
circuits within central nervous system pathways, these agents exert their effects by suppressing
appetite and enhancing satiety signaling, which together contribute to a meaningful and
sustained reduction in caloric intake (19). This neuroregulatory modulation plays a crucial role
in altering feeding behavior, especially in individuals with dysregulated appetite control. In
addition to their central actions on appetite control, GLP-1 RAs and co-agonists exert peripheral
effects by slowing the process of gastric emptying, thereby prolonging the sensation of

postprandial fullness, reducing overall hunger between meals, and decreasing the frequency



and volume of food intake. These actions not only improve subjective feelings of satiety but
also modulate gastrointestinal motility and nutrient absorption in ways that support long-term
weight regulation. Beyond their well-documented impact on appetite suppression and gastric
motility, these pharmacological agents also contribute to the maintenance of energy
homeostasis through several important metabolic mechanisms. Notably, they improve glycemic
control by enhancing insulin secretion and reducing glucagon levels, stimulate thermogenesis,
and increase overall energy expenditure, thereby promoting a more favorable energy balance
that facilitates fat loss and weight maintenance(20). Such mechanisms are particularly relevant
in the treatment of obesity accompanied by insulin resistance or metabolic syndrome.
Furthermore, GLP-1 RAs and their co-agonists demonstrate additional metabolic benefits by
exerting favorable effects on lipid metabolism. These include the optimization of fat storage,
enhancement of lipid oxidation processes, and more efficient utilization of lipids as an energy
source, all of which contribute to reductions in adipose tissue mass and improvements in
metabolic flexibility (21). Taken together, these diverse and synergistic physiological
mechanisms underscore the clinical utility of GLP-1 RAs and co-agonists as highly effective
therapeutic agents for promoting sustained and clinically meaningful weight reduction. This
outcome remains a central therapeutic objective in the comprehensive management of obesity
and its numerous associated metabolic disorders, including type 2 diabetes mellitus,
dyslipidemia, and cardiovascular disease (22). However, despite the significant progress
achieved thus far, continued and rigorous scientific investigation is essential to fully elucidate
the underlying molecular and systemic mechanisms of action. Additionally, future research
should aim to refine and personalize treatment approaches, optimize dosing strategies, and
minimize potential adverse effects in order to maximize the long-term safety, efficacy, and

accessibility of these agents for diverse patient populations.
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