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Abstract

Rationale Obesity remains a major global health challenge, severely affecting metabolic and cardiovascular health. Gluca-
gon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP) receptor agonists mark a significant break-
through in diabetes and obesity management, significantly aiding in weight loss and glycemic control. Tirzepatide, a dual
agonist for GLP-1 and GIP receptors, effectively promotes weight loss and improves metabolic parameters by influencing
insulin secretion, appetite regulation, and gastric emptying.

Objectives This review highlights the dual metabolic and psychological impacts of GLP-1 and GIP agonists in diabetes and
obesity management, emphasizing the need for a holistic, patient-centered approach to optimize treatment outcomes.
Results While GLP-1 and GIP agonists demonstrate significant metabolic benefits, their long-term use is often limited by
gastrointestinal side effects and psychological impacts. These medications, while regulating appetite and food reward path-
ways, can also lead to mood disturbances and altered eating behaviors, potentially affecting patient adherence.

Conclusions A comprehensive strategy for obesity management using GLP-1 and GIP agonists must consider both meta-
bolic and psychological factors. Future research should focus on elucidating the complex mechanisms underlying their
psychological effects and integrating mental health considerations into therapeutic strategies. Personalized diet and exercise
interventions, alongside pharmacological treatments, are crucial for enhancing both metabolic and psychological outcomes,
ensuring a more sustainable and effective approach to managing obesity.
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Introduction

Obesity is one of the most prevalent metabolic diseases
worldwide, and its incidence has been rising due to poor
diet and sedentary lifestyles, contributing to the increase of
diseases such as Type 2 diabetes (T2DM) [1]. It is estimated
that currently, 13% of the global population suffers from
obesity, and 39% suffer from overweight [2]. By 2035, it
is estimated that approximately 24% of the global popula-
tion will suffer from obesity, leading to a significant increase
in the chronic risks associated with this condition and gen-
erating a substantial burden on the capacity of healthcare
systems worldwide [3]. While the management of obesity
and its metabolic comorbidities, with T2DM being the most
prevalent, includes therapeutic approaches such as lifestyle
modification, bariatric surgery, and pharmacological treat-
ment, the landscape of treatments has undergone significant
evolution. In this context, dual agonists of the glucose-
dependent insulinotropic peptide (GIP) and glucagon-like
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peptide 1 (GLP-1) receptors, such as tirzepatide, have gen-
erated growing interest due to their potential as an innova-
tive pharmacological therapy for weight loss [4].
Tirzepatide is an innovative treatment intended for
weekly subcutaneous injection, specifically indicated for
managing T2DM. It functions as a dual agonist, activat-
ing two key receptors: GIP and GLP-1. By combining the
stimulation of these receptors, tirzepatide not only promotes
glucose-dependent insulin release but also enhances insulin
sensitivity and promotes the repair of B-cells in the pancre-
atic islets. Additionally, it delays gastric emptying, inhib-
its glucagon release, and reduces appetite, leading to more
effective blood glucose control and a significant reduction
in body weight [4, 5]. In this context, it has been proposed
that GIP improves lipid metabolism by stimulating lipolysis
during fasting conditions and inducing lipogenesis in the
postprandial state [6, 7]. On the other hand, a meta-analysis
and systematic review of tirzepatide’s efficacy showed that,
at all administered doses, patients experienced significant
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weight loss, with reductions of > 10% and > 15% compared
to other treatments, such as semaglutide, a GLP-1 receptor
agonist (GLP-1 RA), or a placebo [2].

Despite the growing evidence of the efficacy of GLP-1
and GIP agonists, most studies have focused on their met-
abolic and physiological effects. However, it is crucial to
investigate the psychological and behavioral effects of
medications, as these can significantly impact emotional
well-being, treatment adherence, and health-related behav-
iors. Understanding these interactions allows for optimizing
therapeutic approaches, improving both clinical outcomes
and patient quality of life. Given the potential paradigm
shift these medications represent in the treatment of T2DM
and obesity, the aim is to provide a comprehensive view of
the psychological and behavioral effects of these drugs on
weight loss.

Methods

A broad, non-systematic search of electronic databases,
including PubMed and Google Scholar, was conducted. The
search strategy combined medical subject headings (MeSH)
and free-text terms such as “GLP-1 agonists,” “GIP ago-
nists,” “obesity,” “weight loss,” “psychological effects,”
“behavioral changes,” “mood,” and “food reward.” Our
inclusion criteria were based on the relevance of the topic,
quality of evidence, and contribution to a comprehensive
understanding of the central effects of these medications.

9 G EEINNT3

Mechanism of action of GLP-1 and GIP
agonists

When food is taken, the body (saliva and small intestine)
breaks down carbohydrates into glucose and other simple
sugars with the enzyme Amylase, which is then absorbed
into the bloodstream. After glucose is ingested into the
bloodstream, GLP-1 is secreted from the L-cells in the pan-
creatic islets. The secretion of the GLP-1 occurs through
various pathways, which include calcium signaling — as
glucose enters the L-cell (SGLT2 or GLUT2 transporter),
the cell membrane becomes depolarized (more positively
charged), which activates the voltage-gated calcium chan-
nels (VGCCs), allowing calcium ions (Ca?") to flow into the
cell from the extracellular space. The influx of calcium sig-
nals initiates the fusion of GLP-1 granules with the plasma
membrane, activating the hormones in the bloodstream.
Another pathway includes cyclic adenosine monophosphate
(cAMP) pathways, a secondary messenger to amplify the
gut activation of G-protein-coupled receptors (GPCRs) on
the surface of L-cells coupled with Gs proteins, which are

G-proteins specifically linked to stimulating GLP-1, activat-
ing adenylyl cyclase (AC). This enzyme converts ATP into
cAMP. cAMP signals the activation of protein kinase A and
exchange protein directly activated by cAMP to increase
intracellular calcium levels and directly promote the release
of GLP-1 vesicles into the bloodstream [8].

The effects of GLP-1 on appetite are greatly influenced
by the central and peripheral mechanisms of both the brain
(linked to reward and safety) and the gut. The insula, amyg-
dala, orbitofrontal cortex (OFC), and putamen are respon-
sible for food cravings and respond highly to food stimuli.
GLP-1 stimulates several beneficial metabolic responses,
increasing feelings of fullness, helping to reduce food
intake, and managing weight. This aids in delaying gastric
emptying and improves glycemic control, which is consis-
tent even while fasting [9].

Several interactions have been highlighted between GIP
and GLP-1 signaling. GIP and GLP-1 undergo rapid degra-
dation by the enzyme dipeptidyl peptidase-4 (DPP-4). This
degradation significantly reduces their insulinotropic effects,
highlighting a shared vulnerability in their metabolic path-
ways. Their exact interactions and differences in secretion
dynamics can vary with meal composition and metabolic
conditions. In T2DM, GIP response tends to be enhanced,
while GLP-1 response is reduced, showing different regula-
tory behaviors between the two incretins in disease states.
The exact physiological reasons behind this divergence are
still not fully understood.

The downstream signaling mechanisms of GIPR and
GLP-1R are similar.

Both pathways:

e Close KATPATP (ATP-sensitive potassium) channels,
causing membrane depolarization.

e Open VDCC (voltage-dependent calcium channels), in-
creasing intracellular calcium.

e Mobilize calcium from intracellular stores to trigger in-
sulin secretion.

Therefore, there are some therapeutic Interactions: GIP
and GLP-1 enhance the effects of sulfonylurea drugs,
which stimulate insulin secretion by acting downstream
of KATPATP channel closure. Both incretins contribute to
B-cell survival and proliferation, though GLP-1R agonists
have a more robust effect than GIPR agonists [10]. Most
studies that enhanced GIPR signaling reported limited
effects on body weight. Most studies showed that GIPR
pharmacology was weight-neutral in people living with
obesity. Achieving a high level of GIPR agonism over a
sustained period promotes weight loss, although not to the
level achieved by GLP-1R agonism [11]. A recent study has
demonstrated that GIP activation acts synergistically with
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GLP-1R activation, resulting in greater weight loss in mice
than treatment with either agent alone. This correlates with
the enhanced suppression of calorie intake and increased
energy expenditure [12].

Psychological effects of GLP-1 and GIP
agonists in weight reduction

Food reward & hedonic eating

GLP-1 is synthesized in the brain primarily by neurons
of the nucleus tractus solitarius (NTS) within the cau-
dal brainstem through tissue-specific post-translational
cleavage of a larger precursor molecule, preproglucagon
(PPG) [13]. GLP-1 receptors are located in both the hind-
brain and forebrain of the central nervous system. These
regions are involved in food intake and the regulation of
energy balance, including the area postrema, the NTS, the
hypothalamus, the amygdala, and the mesolimbic reward
system [14, 15]. In addition, GLP-1 receptors have been
identified in sweet and umami taste cells within the oral
cavity, indicating they may also play a role in taste per-
ception [16].

GLP-1 signaling in the brain is primarily initiated by its
release from the periphery. Following its secretion from
the gut, GLP-1 activates GLP-1Rs located on the vagus
nerve afferents, resulting in vagal glutamatergic excitation
of PPG-expressing neurons in the NTS [17]. The function
of GLP-1 in the nervous system mainly, though not solely,
complements the peptide’s peripheral actions and includes
suppressing food and water intake and reducing appetite and
food rewards. However, this anorexigenic effect of GLP-1
is sustained through complex neural circuits and involves
multiple brain regions [18, 19]. PPG-expressing neurons
in the NTS project to various parts of the brain, including
the hypothalamus, thalamus, parabrachial nucleus, compo-
nents of the mesolimbic dopamine system, raphe nucleus,

Fig. 1 GLP-1 receptor agonists’
actions on the central nervous
system
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amygdala, hippocampus, and medial prefrontal cortex [20].
The distribution of GLP-1Rs in the brain is highly con-
served across different mammalian species and aligns with
the projection pattern of PPG-expressing neurons [21]. The
suppression of food and water intake by GLP-1 primarily
involves interactions with several hypothalamic nuclei,
especially the arcuate and paraventricular nuclei, as well
as specific hindbrain structures, such as the parabrachial
nucleus [19].

Interestingly, GLP-1 is also known to decrease the
rewarding effects of food intake by interacting with parts
of the mesolimbic dopamine system, such as the ventral
tegmental area (VTA), nucleus accumbens (NAc) [22], and
GABAergic circuits in the latero-dorsal tegmental nucleus
(LDTg) [23], which makes brain GLP-1R signaling a prom-
ising target for the treatment of alcohol and cocaine abuse
disorders [24, 25]. Both short- and long-acting GLP-1Ras,
such as exenatide, lixisenatide, and liraglutide, were shown
to cross the blood-brain barrier (BBB) effectively [26-28].
Semaglutide, on the other hand, displays limited efficacy
in crossing the BBB, but despite this fact, it was proven
to access the brainstem, septal nucleus, and hypothalamus
[29]. Fig. 1 illustrates GLP-1 RA actions on the central ner-
vous system (CNS).

Due to the transient short-term effects of GLP-1RAs on
slowing gastric emptying, post-meal glycemic excursions
markedly decrease with their use in T2DM. Functional
magnetic resonance imaging (MRI) shows that GLP-1 R
activation decreases anticipatory food reward (the antici-
pated pleasure of eating certain meals) [9].

Mood & emotional regulation

Depression is a chronic and recurrent mood disorder, hav-
ing a high prevalence with other metabolic disorders such
as T2DM and obesity [13]. Current treatment guidelines for
depression mainly consist of the use of SSRIs and SNRIs,
which target the monoaminergic systems in the brain mainly
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Fig.2 GLP-IR agonist effects on depression

by enhancing serotonergic and noradrenergic neurotrans-
mission. Because the etiology of depression is highly com-
plex, current therapy guidelines only help 30% of patients
achieve complete remission [13]. Thus, other therapeutic
options are being explored, including GLP-RAs.

Current research highlights the role of the following in
the pathogenesis of depression: (1) deficiencies in neuro-
trophic factors, (2) disturbed homeostasis between the ner-
vous, immune, and endocrine systems, (3) disturbances in
brain energy metabolism, (4) dysfunctions in the gut-brain
axis, (5) gut microbiota dysbiosis, and (6) effect on HPA
axis [9, 13-16, 30-33]. Specifically, in the patient popula-
tions with T2DM and obesity, brain insulin resistance may
lead to depressive symptoms [34, 35]. Fig. 2 depicts the
GLP-1 RA effects on depression.

Numerous reports also emphasize the neuroprotec-
tive role of GLP-1-mediated signaling, as it was proven
to protect synapses, improve synaptic functions, enhance
neurogenesis, protect neurons from oxidative stress, and
reduce neuronal apoptosis [13]. Most studies evaluating
depression and GLP-1 RA use were conducted in those
with T2DM and indicated no increased risk [30]. Adverse
drug reporting from FAERS, however, indicates increased
reporting of depression and suicidal ideation but not sui-
cidal attempts/behavior with semaglutide and liraglutide.

GLP-1R Agonists:
e (T)Neuroprotection & cognitive
function
¢ (1) Neuroinflammation'
¢ Regulation of CNS energy
metabolism
o Stabilization of gut microbiota

In Depression:
¢ (1) Neuroplasticity &
neurogenesis
e Impaired brain CNS energy
metabolism
e HPA axis dysregulation
e Gut microbiota dysbiosis

Due to confounding and the pharmacovigilance analyti-
cal approach used, causality is inconclusive [31]. Most
studies have evaluated monotherapetic agonists. Further
investigation of dual and triple agonists is warranted. GLP-
IR signaling in the brain exerts antidepressant effects by
improving cognitive processes and promoting neuropro-
tection and neurotransmitter release. Figure 2 depicts the
GLP-1 RA effects on depression.

Behavioral effects and modifications of GLP-
1 and GIP agonists

Appetite control and satiety

The regulation of energy balance and feeding behavior is
influenced by several key pathways, including the leptin-
melanocortin axis, the opioid system, the GLP-1/GLP-1
receptor system, and the fibroblast growth factor 21
(FGF21)/its receptor complex FGFR1c/B-klotho axis [36].
GLP-1 receptor agonists (GLP-1 RAs) significantly reduce
body weight by modulating appetite and satiety. These
agents achieve their effects through several mechanisms:
(1) delaying gastric emptying during the first postpran-
dial hour, (2) inhibiting gastric and duodenal peristalsis

@ Springer
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through vagus nerve inhibition, and (3) increasing pyloric
pressure, collectively referred to as the “ileal braking
effect.” [15, 37].

In addition to slowing digestion, GLP-1 RAs improve
eating control by reducing preferences for energy-dense
foods, lowering food cravings, and altering food reward
pathways. These changes lead to reduced caloric intake
and subsequent weight loss [9, 38—44]. The appetite-
suppressing effects of GLP-1 RAs are mediated through
GLP-1 receptors located in the hindbrain, hypothala-
mus, lateral parabrachial nucleus, and mesolimbic path-
way [19, 38, 45-55]. Functional neuroimaging studies
have shown increased connectivity between the nucleus
tractus solitarius, the hypothalamus, and the thalamus,
which correlates with reduced hunger sensations [56].
Moreover, liraglutide binds to proopiomelanocortin and
cocaine- and amphetamine-regulated transcript (POMC/
CART)-expressing arcuate nucleus neurons, stimulating
satiety-promoting pathways while inhibiting orexigenic
neuropeptide Y (NPY) and agouti-related peptide (AgRP)
neurons [57].

Studies assessing the impact of GLP-1 RAs and dual
GIP/GLP-1 RAs have shown a reduction in total caloric
intake by 16-39% [58]. Quast et al. demonstrated signifi-
cant carbohydrate, protein, and fat intake reductions among
individuals taking liraglutide and lixisenatide [59]. Simi-
larly, Blundell et al. reported a 35% decrease in high-fat
and non-sweet food intake, accompanied by lower explicit
liking for these foods and a greater preference for low-fat,
sweet options in GLP-1 RA users compared to placebo
[40]. Gibbons et al. further observed a 40.7% reduction in
energy intake from high-fat meals and snacks in individu-
als using semaglutide [60]. These findings highlight the
profound effects of GLP-1 RAs on appetite regulation and
food preferences.

Physical activity and lifestyle adaptations

Beyond appetite modulation, GLP-1 and GIP agonists also
influence physical activity and lifestyle behaviors. Several
observational studies have reported that individuals taking
GLP-1 RAs, combined with dietary counseling and regular
exercise, experienced reduced emotional eating, external
eating behaviors, and binge-eating episodes [43]. Addition-
ally, Wharton et al. found significant decreases in cravings
for salty, spicy, dairy, and starchy foods, reinforcing the
role of these agents in supporting healthier dietary habits
[44]. As a result, GLP-1 RAs contribute to weight loss and
promote long-term adherence to behavioral modifications
essential for weight maintenance.

@ Springer

Cognitive function and decision-making in weight
management

There is increasing evidence that GLP-1 receptor activation
in the brain can alter cellular processes, including neuroin-
flammation, oxidative stress, apoptosis, and mitochondrial
dysfunction—factors disrupted in neurodegenerative dis-
eases. GLP-1 receptor activation can also improve neuronal
functions, restore insulin signaling, and promote cell sur-
vival. Cheng et al. reported that an infusion of liraglutide
improved cognitive subdomains of delayed memory, atten-
tion, and executive function [61]. The influence of GLP-1
and GIP agonists extends to cognitive function, particularly
in decision-making related to food choices and impulse
control. By modulating neural pathways involved in reward
processing, these agents reduce the appeal of highly pal-
atable, calorie-dense foods. Functional MRI studies have
shown that GLP-1 RA administration alters brain activity in
response to food cues, decreasing activation in areas associ-
ated with reward anticipation and consumption areas [45,
46].

Furthermore, GLP-1 receptor signaling in the lateral
parabrachial nucleus and other central nervous system
regions enhances cognitive control over dietary choices.
This may lead to better adherence to structured meal plans
and healthier eating patterns. Individuals using GLP-1 RAs
have reported a diminished tendency toward impulsive eat-
ing, reinforcing the potential of these agents as behavioral
adjuncts in obesity management.

Adverse effects

Glucagon-like peptide-1 (GLP-1) receptor agonists and glu-
cose-dependent insulinotropic peptide (GIP) receptor ago-
nists have shown remarkable efficacy in regulating glucose
in patients with Diabetes mellitus and promoting weight
loss. However, these drugs are associated with frequent gas-
trointestinal side effects that can negatively impact patient
adherence [62]. These adverse events are generally transient
and vary in severity, affecting 15% to 30% of individuals
involved in clinical trials [63, 64]. A systematic review of
tirzepatide indicated that higher doses (15 mg) significantly
raised the likelihood of discontinuation due to adverse
effects. This rise in discontinuation rates is at least double
that of other comparator treatments such as placebo, GLP-1
agonists, or basal insulin [65]. This finding bears important
clinical implications, suggesting that adverse effects could
undermine therapeutic adherence, especially at higher doses
of tirzepatide [65]. However, these adverse effects are not
significantly more frequent compared to other medications,
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such as semaglutide, which indicates that the safety profile
of pharmacological therapies for obesity and T2DM remains
within acceptable limits.

Nonetheless, other clinical gastrointestinal adverse
effects, such as diarrhea, nausea, and vomiting, can com-
plicate the situation, leading to dehydration, which
subsequently induces irritability, confusion, and mood dis-
turbances, negatively affecting the patient’s quality of life.
Additionally, these somatic symptoms may interfere with
emotional well-being, promoting the onset of depressive
and anxious symptoms [66]. Incretins, especially GLP-1,
play a vital role in controlling appetite and satiety by affect-
ing the CNS. As GLP-1 circulates in the body, it crosses
the blood-brain barrier and engages with receptors in the
circumventricular organs and the hypothalamus, crucial for
regulating food intake. This interaction leads to a decrease in
food consumption and supports weight loss. However, inter-
fering with the mechanisms that control food intake may
lead to psychological and behavioral side effects, including
anxiety, irritability, and mood disturbances, which can arise
from an imbalance between the systems that regulate hun-
ger and satiety [67].

GLP-1 agonists (including tirzepatide, which utilizes a
combined GLP-1 and GIP mechanism) can have both direct
and indirect effects on brain function, potentially influenc-
ing behavior and psychological well-being. Transcriptomic
responses have been detected in astrocytes and glial cells
across various brain regions and in neuronal circuits reg-
ulating food intake and satiety after administering GLP-1
agonists like semaglutide and liraglutide [68]. These effects
seem to broadly affect the nervous system, modulating
appetite and changing the emotional perception of food.
Preclinical studies in mice have documented conditioned
taste aversion, indicating that human subjects treated with
these agonists might develop a negative association with
food, shaped by changes in their emotional and behavioral
responses to it. This phenomenon could worsen pre-existing
eating disorders, as rapid weight loss may lead to concerns
about body image, potentially giving rise to issues related to
self-perception [68].

Several studies have shown that the rapid weight loss
induced by these drugs can trigger significant emotional,
biological, and psychological reactions that may increase
thoughts of suicide and thoughts of self-harm [69]. Rapid
weight loss has been found to elevate cortisol and norepi-
nephrine levels, raising the risk of developing or worsen-
ing suicidal thoughts and behaviors [70]. While no causal
relationship has been clearly established, further research is
needed to validate this hypothesis. In case studies, reports
have indicated that some individuals may experience the
onset of new depression or a relapse of Major Depressive
Disorder (MDD) within the first month of treatment with

semaglutide, as observed in Beijing, China. Therefore, it is
crucial to consider the potential adverse psychiatric effects
when prescribing GLP-1 analogs [71].

The emetic suppression effects of GLP-1 analogs are
closely related to increased expression of the GIP receptor
in y-aminobutyric aminergic neurons. This indicates that a
dual therapy combining GLP-1 and GIP receptor analogs
could enhance therapeutic efficacy in treating obesity and
diabetes by minimizing nausea and vomiting. Animal stud-
ies involving mice showed that suppressing the GIP recep-
tor in the CNS diminishes the weight loss effects induced
by GLP-1, suggesting a synergistic interaction between
both systems. This imbalance in appetite regulation could,
in turn, be linked to behavioral disorders, such as loss of
interest in food or onset of depressive symptoms [67]. These
findings emphasize the urgent need for further investigation
into the adverse effects that incretins may have on energy
homeostasis and feeding behavior, especially concerning
the occurrence of psychological disorders and their impact
on treatment adherence [67].

Clinical implications for long-term weight
management

Over the past century, obesity has been a health concern in
many developed nations, but in recent years, its incidence
has grown to the point that, according to the World Health
Organization (WHO), it is an epidemic that poses a global
risk to public health [72]. Both the public and medical pro-
fessionals are interested in GLP-1 and GIP medications due
to their potential to reduce the risk of chronic diseases and
obesity-related health issues, along with their significant
weight-loss benefits [73, 74]. Research indicates that a mean
body weight reduction of 3% to 7% can help lower blood
pressure, blood sugar, and cholesterol levels, reducing the
need for medications. Furthermore, losing at least 15% of
body weight results in additional health benefits, such as the
remission of T2DM [75, 76]. Traditionally, the cornerstone
of managing obesity has been suggested to be a comprehen-
sive lifestyle program [77, 78]. However, they should also
consider sociocultural and psychological variables influenc-
ing customers’ attitudes, perceptions, and feeding behavior-
related decision-making for more effectiveness [79].

The Registered Dietitian Nutritionists (RDN) may dis-
cuss with a client the possibility of using an incretin-based
therapy prior to consulting a physician or starting the med-
ication [80]. They play a vital role in counseling, weight
screening and assessment, managing adverse effects of
incretin-based medications and their interactions, diet rec-
ommendations, and weight monitoring. Through teach-
ing clients realistic goal-setting techniques, the RDN can
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assist clients in controlling their expectations regarding the
expected effects of an incretin-based therapy on their weight
and other results [80]. Patient preferences, body composi-
tion, and comorbidities should all be considered when set-
ting weight-loss objectives [78, 81]. According to a study
conducted by the Diabetes Prevention Program, where
3,234 adults without diabetes were randomized to metfor-
min, placebo, or intensive lifestyle intervention, the mean
weight loss at 15 years of follow-up was 6.2% for metfor-
min, 3.7% for intensive lifestyle intervention, and 2.8% for
placebo [82] This result highlighted the need for appropri-
ate lifestyle interventions in weight management. Multiple
strategies can be employed to change a patient’s behavior
since no single behavioral technique or set of techniques
has been proven to be distinctly better [83]. These strategies
include self-monitoring, stress management, stimulus con-
trol, problem-solving, contingency management, cognitive
restructuring, social support, and relapse prevention training
[84].

After compiling research published since 1996, Wing
[85] concluded that the most successful weight-loss pro-
grams tend to combine diet, exercise, and behavior modi-
fication focused on changing eating habits, increasing
physical activity, and enhancing motivational techniques
to promote weight loss. Physiologists and psychologists
should, therefore, be involved in weight management. Psy-
chologists will address patterns related to stress. It is known
that inadequate sleep and chronic stress, for instance, can
impair eating habits and metabolism, so these issues should
be addressed [86]. It is essential to recognize that maintain-
ing weight control is challenging. To implement the neces-
sary lifestyle changes, a patient must not only adopt basic
modifications into their daily routine but also have a sup-
portive social network in place to maintain good habits [84].

Long-term weight management with incretin-based med-
ications and/or lifestyle modification can be challenging
due to the prevalent risk of relapse. Wilding et al. explored,
through a STEP 1 trial extension, changes in body weight
and cardiometabolic risks after withdrawal of Semaglu-
tide following 68 weeks of treatment in combination with
behavioral interventions such as restricted diets and physi-
cal activity. They observed a significant regain of weight
(11.6% of the lost weight) [87, 88].

Weight regain is also common after stopping a behav-
ioral program; in research conducted with 3739 individuals,
over 25% of them gained 2% or more of their initial weight
at the 2-year follow-up [89]. The challenges of maintaining
weight loss and following restricted diets over the long term
pose problems for both HCPs and patients, leading to a vari-
ety of complex emotions and mutual frustration. This fact
highlights the need to assist individuals in making realistic,
adaptable, and sustainable food choices [90].

@ Springer

Perri and Corsica, however, assessed a number of par-
ticular maintenance techniques intended to improve long-
term results in weight-loss management [91]. They consist
of: problem-solving model, RPT, monetary incentives,
structured meal plans or food provision plans, telephone
prompts, peer support, increased exercise activity during
and after weight-loss programs, multicomponent post-treat-
ment programs, extended behavioral therapy [84].

Research gaps

Despite significant advancements in developing GLP-
1, GIP, and glucagon agonists, substantial research gaps
limit their clinical applications. The molecular interactions
between GLP-1, GIP, and glucagon, and how these path-
ways synergistically enhance weight loss and metabolic
benefits, remain poorly understood. GIP’s role in balancing
central and peripheral effects raises critical questions. While
GIP has been shown to enhance GLP-1-induced satiety, it
also seems to exert independent effects on energy metab-
olism and insulin sensitivity. Furthermore, the impact of
individual metabolic profiles, such as insulin resistance or
associated comorbidities, on the response to these agonists
remains underexplored [92, 93]. The study’s findings high-
light the necessity for further research into the behavioral
mechanisms of GLP-1 and GIP agonists. As these medica-
tions are known to improve weight loss and glycemic con-
trol without the illicit or depressive behaviors associated
with other obesity treatments, understanding their direct
effects on psychology and behavior is crucial [94-96]. The
clinical adoption of these treatments faces substantial prac-
tical barriers, including high costs and inadequate insurance
coverage, which limit patient access. Recent surveys indi-
cate that fewer than 50% of individuals with obesity receive
targeted medications, even when they meet clinical criteria.

Additionally, low treatment adherence stems from nega-
tive perceptions of long-term medication use and frequent
side effects, such as nausea. A knowledge gap persists within
the medical community regarding the mechanisms of action
and benefits of second-generation agonists, particularly dual
and triple agonists. This lack of understanding hampers
informed prescription practices and reinforces the stigmati-
zation of obesity as a personal choice rather than a complex
metabolic disease [92, 93, 97]. A key direction for the future
is the personalization of treatment. Currently, there is a lack
of precise biomarkers to predict which patients will benefit
most from these agonists, limiting their clinical efficacy.
Long-term studies are also essential for assessing the psy-
chological and behavioral outcomes of GLP-1 and GIP ago-
nists beyond the initial weight loss phase. Ongoing research
into the impact of these medications on psychological
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well-being and behavioral adaptations would provide valu-
able insights for optimizing these interventions over time.
Lastly, minimizing side effects, particularly gastrointestinal
ones, remains a priority to enhance patient adherence [92].

Future research

Future research should prioritize the long-term effects of
these treatments, not only on weight management but also
on comorbidities such as cardiovascular diseases, T2DM,
and neurodegenerative conditions. Preclinical studies have
suggested that GLP-1 agonists possess neuroprotective
properties by reducing brain inflammation and enhancing
neuronal energy metabolism, which could benefit conditions
like Alzheimer’s and Parkinson’s. However, robust clini-
cal trials are necessary to validate these findings in human
populations and evaluate potential risks of prolonged use,
such as tolerance development or effects on other hormonal
systems [93, 98]. Advanced tools, including artificial intel-
ligence and genomic analyses, could assist in designing per-
sonalized therapies that integrate medications with lifestyle
interventions. The significance of personalized medicine in
obesity and diabetes treatment is underscored.

Furthermore, future research must explore how psy-
chological profiles, genetic predisposition, and metabolic
differences may influence the response to GLP-1 and GIP
agonists. Such personalized approaches could enhance the
effectiveness of the treatments and minimize adverse effects
[94]. Additionally, therapeutic strategies should explore
integrating these drugs with tailored dietary and exercise
programs to optimize their impact on diverse metabolic
subgroups [92, 93]. Developing more tolerable and acces-
sible medications is crucial for enhancing the effects of
these therapies. The recent launch of triple agonists with
extended action profiles, allowing for weekly or monthly
dosing, marks a significant advancement. At the same time,
addressing access disparities through subsidies, insurance
policy reforms, and educational programs to promote the
understanding of obesity as a chronic treatable disease is
vital. Overcoming these barriers could significantly reshape
the global landscape of obesity treatment [92].

Beyond their established roles in metabolic and weight
management, GLP-1 agonists show a compelling potential
for managing addiction [99, 100]. Preclinical studies sug-
gest that GLP-1 receptor signaling in the brain’s reward
centers, such as the ventral tegmental area (VTA) and
nucleus accumbens (NAc), reduces the rewarding effects
of addictive substances [101, 102]. By modulating dopa-
mine release in these regions, GLP-1 analogues have been
shown to decrease self-administration of alcohol, nicotine,
and opioids in animal models. This effect is thought to be

mediated by the interaction of GLP-1 with GABAergic
circuits, which are crucial for regulating dopamine-related
reward pathways. While these findings are promising, clini-
cal research is still in its early stages. Future studies should
focus on conducting controlled trials to assess the efficacy
and safety of these medications as a therapeutic option for
substance use disorders in human populations.

Conclusion

In conclusion, GLP-1 and GIP agonists significantly advance
the pharmacological management of obesity and T2DM,
providing promising benefits for weight reduction, glycemic
control, and potentially improvements in mood and cogni-
tion. These incretin-based therapies function through com-
plex mechanisms involving peripheral and central pathways,
influencing appetite, satiety, food reward, and even physi-
cal activity. While their efficacy is evident, several critical
aspects require further investigation. The intricate interplay
between GLP-1, GIP, and other hormonal systems needs
further elucidation to optimize therapeutic strategies. The
long-term effects of these agents, particularly regarding their
impact on comorbidities and potential risks, warrant rigorous
clinical evaluation. A critical need persists for personalized
approaches to treatment, utilizing advanced tools to predict
individual responses and tailor interventions accordingly.

Furthermore, addressing practical barriers to access,
such as cost and insurance coverage, is essential for ensur-
ing equitable access to these therapies. Additionally, future
research should prioritize mitigating adverse effects, partic-
ularly gastrointestinal issues, to enhance patient adherence.
Finally, gaining a deeper understanding of the psychological
and behavioral implications of these medications, including
their effects on food cravings, emotional regulation, and
potential impacts on mental health, is vital for maximizing
their therapeutic potential. By addressing these research
gaps and prioritizing future studies in these critical areas,
we can unlock the full potential of GLP-1 and GIP agonists,
paving the way for more effective and sustainable long-term
weight management strategies and improved overall health
outcomes for individuals facing obesity and related meta-
bolic disorders.
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