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Summary

Obesity is a persistent, recurring condition resulting from dysregulated gut-brain-adipose signaling and disrupted energy balance.
Glucagon-like peptide-1 receptor agonists (GLP-TRAs) have proven to be highly effective pharmacotherapies, facilitating an
average weight reduction of 10-25% in individuals with obesity through coordinated effects on hypothalamic appetite pathways,
mesolimbic reward systems, gastrointestinal motility, pancreatic islet activity, and hepatic-adipose metabolism. They may lower the
risk of serious cardiovascular events and protect the kidneys in people at high risk, which supports GLP-1-based therapy as a key
part of lowering the risk of cardiometabolic disease. However, GLP-1/GIP agonism is also linked to a specific set of negative side
effects, such as nausea, vomiting, diarrhea, and constipation that get worse with higher doses, as well as a higher risk of gallbladder
disease, pancreatitis, and gastrointestinal problems. This mini-review emphasize on the mechanistic pathways linking GLP-1/GIP
agonism to weight loss and cardiometabolic benefits and examines the pathophysiologic basis of key adverse effects to guide
individualized use of semaglutide and tirzepatide in endocrinology and obesity practice.
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Introduction

GLP-1 biology and dysregulation in obesity

Endogenous GLP-1 is secreted from enteroendocrine
L-cells in the distal small intestine and colon in response
to nutrient ingestion, then acts as an incretin hormone
to enhance glucose-dependent insulin secretion,
suppress glucagon and slow gastric emptying, while also
activating vagal afferents and central pathways mediating
satiety."” In obesity and insulin-resistant states, impaired
post-prandial GLP-1 secretion and alterations in GLP-1
receptor signaling at the level of the hypothalamus and
vagus contribute to blunted satiety and maintenance of
positive energy balance, providing a strong rationale for
pharmacologic GLP-1R activation as a disease-modifying
strategy.*

Native GLP-1 is rapidly degraded by dipeptidyl
peptidase-4 (DPP-4), yielding a plasma half-life of only
a few minutes, whereas therapeutic agonists such as
semaglutide incorporate amino-acid substitutions and
albumin-binding side chains to resist DPP-4 and neutral
endopeptidase  degradation, allowing once-weekly
administration with sustained receptor engagement.
Tirzepatide is engineered as a single peptide with agonist
activity at both GIP and GLP-1 receptors, thereby engaging
complementary incretin pathways that together amplify
insulin secretion and weight loss beyond that achievable
by selective GLP-1R agonism alone.>

Tirzepatide’s dual agonism at GIP and GLP-1 receptors
results in superior average weight loss compared to
semaglutide at doses sanctioned for type 2 diabetes and
obesity, with mean reductions nearing or surpassing
20% of baseline body weight in dedicated obesity trials.
Preclinical models suggest that GIP receptor activation in
adipocytes improves lipid metabolism and may facilitate
browning and thermogenesis in specific depots, thereby
enhancing GLP-1-mediated reductions in energy intake.””

Clinical data comparing tirzepatide and semaglutide
show that tirzepatide leads to bigger drops in body weight,
glycated hemoglobin, and some lipid parameters in people
with type 2 diabetes. This is in line with a synergistic
incretin effect.”' Nonetheless, the exact relative impact
of GIP compared to GLP-1 agonism on human weight
reduction continues to be a subject of ongoing research
and will guide the creation of next-generation multi-
agonists that integrate GLP-1 withGIP, glucagon, amylin,
or other gastrointestinal hormones.

Regulation of body weight and central appetite circuits

GLP-1 receptors are abundantly present in hypothalamic
nuclei, such as the arcuate nucleus, paraventricular
nucleus, and ventromedial hypothalamus, where agonist
binding increases the activity of anorexigenic POMC/
CART neurons and decreases the activity of orexigenic
NPY/AgRP neurons.* Chronic GLP-1R activation not
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only diminishes acute hunger by shifting the balance of
melanocortin signaling toward satiety, but it also seems
to lower the defended body-weight set point, facilitating
sustained weightloss rather than temporary reductions.'"?

In addition to homeostatic feeding circuits, GLP-1RAs
target mesolimbic reward pathways, including the ventral
tegmental area and nucleus accumbens, diminishing
dopamine release and reward valuation in response to
food stimuli. Human studies utilizing semaglutide reveal
diminished activation of reward regions and heightened
engagement of cognitive control networks on functional
MRI. This is accompanied by a reduction in energy intake
and a preference shift towards less energy-dense food
options, highlighting the dual homeostatic and hedonic
mechanisms of weight reduction.>"

Peripheral mechanisms Emptying the stomach and
moving the gut

When GLP-1 receptors are activated in the gastrointestinal
tract, they slow down gastric emptying by raising pyloric
tone and lowering antral and duodenal motility. This
creates a “ileal brake” that keeps nutrients in the distal
small intestine longer and boosts signals of fullness. This
effect reduces post-prandial glucose fluctuations and
immediate caloric intake; however, partial tachyphylaxis
to the gastric-emptying aspect occurs over weeks, with
central appetite modulation remaining the primary factor
for long-term weight loss.'*'*

Effects on pancreatic islets, liver, and fat tissue

At the pancreatic islet, GLP-1R activation enhances
glucose-dependent insulin secretion, suppresses glucagon
release during hyperglycemia and euglycemia, and
may facilitate beta-cell survival and function, thereby
improving glycemic control with a minimal inherent risk
of hypoglycemia.'®"” In tirzepatide, simultaneous GIP
receptor agonism further amplifies insulinotropic effects,
especially at elevated glucose concentrations, and may
enhance post-prandial beta-cell responsiveness relative to
GLP-1-selective agonists.GLP-1-based agonists enhance
hepatic insulin sensitivity, diminish de novo lipogenesis,
and selectively reduce visceral and ectopic fat depots.'
This is linked to decreased inflammatory signaling and the
improvement of metabolic-associated steatohepatitis.'**
These alterations in adipose distribution and hepatic
lipid content significantly influence the observed
enhancements in blood pressure, lipid profiles, and
overall cardiometabolic risk in obesity trials involving
semaglutide and tirzepatide.

Cardiometabolic and cardiovascular outcomes

GLP-1RAs, such as semaglutide, liraglutide, and
dulaglutide, have consistently shown to lower the risk of
major adverse cardiovascular events (MACE) in people
with type 2 diabetes and a high risk of heart disease.®*"**

This is likely because they have effects on weight, blood
pressure, atherogenic lipids, inflammation, and direct
vascular actions.” Recent data also show that semaglutide
can lower the risk of heart disease in people who are
overweight or obese and already have heart disease,
even if they don’t have diabetes.®?"** This expands the
cardioprotective paradigm to primary obesity care. Renal
advantages of GLP-1 receptor agonists encompass the
mitigation of albuminuria progression and a decelerated
reduction in estimated glomerular filtration rate,
potentially indicative of hemodynamic, metabolic, and
anti-inflammatory influences within the kidney.** These
cardiorenal benefits bolster the case for GLP-1-based
agonists as essential components in the treatment of
obesity complicated by cardiometabolic disorders.

Clinical effectiveness in obesity
In randomized phase III obesity trials, individuals with
overweight or obesity receiving once-weekly semaglutide
2.4 mg experience a mean weight loss of approximately
10-15%, with a significant proportion achieving
reductions of >5% and >10% in body weight compared
to lifestyle modification alone.®” These weight changes
are associated with clinically significant improvements in
blood pressure, triglycerides, glycemic control, indicators
of fatty liver disease, and health-related quality of life.*
When given at doses aimed at obesity, tirzepatide causes
even bigger weight losses, with average losses of about
15-20% or more and a large number of patients losing
20% or more of their weight when treatment continues."
Stopping either semaglutide or tirzepatide causes most
patients to gain some of the weight they lost back. This
is because the neuroendocrine and behavioral factors that
cause obesity come back. This shows that drug treatment
for obesity, like drug treatment for high blood pressure or
high cholesterol, usually needs to be long-term.

Adverse effects
Gastrointestinal effects
The most frequent adverse effects of semaglutide and
tirzepatide are gastrointestinal—nausea, vomiting,
diarrhea and constipation—which arise from exaggerated
physiological actions of GLP-1 on gut motility and central
emetic centers. Slowed gastric emptying increases gastric
distension and activation of vagal afferents projecting to
the area postrema and nucleus tractus solitarius, producing
nausea and, at higher receptor occupancy, emesis.?>!
Diarrhea and, conversely, constipation reflect altered
small-intestinal transit, changes in intestinal fluid
secretion and modulation of enteric neural circuits under
sustained incretin stimulation. These adverse effects are
typically dose-dependent and most prominent during
dose escalation, so gradual titration, smaller meals,
avoidance of high-fat foods and mindful hydration are
key mechanistic strategies to improve tolerability while
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maintaining therapeutic efficacy.*

Bile and gallbladder disease

GLP-1RA therapyisassociated with an increased incidence
of gallbladder-related events, including cholelithiasis
and cholecystitis, particularly at higher doses used for
obesity and in the setting of rapid weight loss. Rapid fat
loss promotes cholesterol supersaturation of bile and
sludge formation, while GLP-1-mediated reductions
in cholecystokinin-driven gallbladder contraction
lead to biliary stasis, together creating a lithogenic
environment.**

Pancreatitis and pancreatic safety

Elevations in amylase and lipase are relatively common but
usually asymptomatic during GLP-1RA therapy; however,
rare cases of acute pancreatitis have been reported,
raising concerns about direct pancreatic effects.’*¥
Proposed mechanisms include incretin-mediated
alterations in ductal secretion, low-grade acinar cell
stress and inflammatory responses in predisposed
individuals, particularly those with gallstones, severe
hypertriglyceridemia or prior pancreatitis.*

Large randomized trials and meta-analyses generally
show low absolute rates of pancreatitis and no major
class-wide signal of marked risk increase, but cautious
avoidance or close monitoring is advised in patients with
a history of pancreatitis.”*® When clinically suspected,
GLP-1RA therapy should be discontinued and alternative
weight-management strategies considered.

Gastroparesis, bowel obstruction and motility disorders
Because GLP-1RAs slow gastric emptying and modify
small-bowel motility, rare but clinically important cases of
symptomatic gastroparesis and intestinal obstruction have
been described, especially with high-dose, long-acting
formulations. Mechanistically, excessive suppression of
vagal efferent activity and inhibition of antral and duodenal
contractility can produce functional obstruction-like
physiology in individuals with underlying motility
disorders or altered surgical anatomy.”

Patients who develop persistent vomiting, severe
bloating, or early satiety with significant nutritional
compromise should be evaluated for gastroparesis or
partial obstruction, and withdrawal of the GLP-1RA
often leads to partial or complete resolution of symptoms.
Pre-existing gastroparesis, connective-tissue disease or
major upper-GI surgery warrants cautious use or selection
of alternative obesity therapies.***!

Thyroid, kidney and long-term safety considerations

Rodent studies show C-cell hyperplasia and medullary
thyroid carcinoma with some GLP-1RAs, but human
epidemiologic data have not demonstrated a clear increase
in medullary thyroid carcinoma, although long-term
surveillance continues. Because of this theoretical risk

and species differences in C-cell biology, GLP-1RAs are
contraindicated in patients with personal or family history
of medullary thyroid carcinoma or multiple endocrine
neoplasia type 2.">*

GLP-1RAs can cause modest increases in heart rate and,
in the context of severe vomiting or diarrhea, contribute to
volume depletion and acute kidney injury, underscoring
the need for hydration counselling and temporary drug
interruption during acute illness.?**” Overall, the balance
of evidence favors a net renal and cardiovascular benefit
when these agents are used with appropriate patient
selection and monitoring.*"*>%

Conclusion

From an endocrine and obesity-medicine perspective,
semaglutide and tirzepatide represent mechanistically
rational therapies that target both homeostatic and
hedonic components of obesity, yielding weight loss
magnitudes historically seen only with bariatric surgery in
some patients. Their use should be embedded in a chronic
disease model, with careful patient selection, slow dose
escalation, proactive management of gastrointestinal and
biliary risks and shared decision-making about long-term
therapy.

Future research priorities include identifying
biomarkers of response and intolerance, delineating the
relative contributions of GLP-1 versus GIP pathways,
optimizing combination strategies with lifestyle, bariatric
surgery and other pharmacotherapies, and developing
multi-agonists that further exploit gut-brain-adipose
biology with improved tolerability. Such advances are
likely to consolidate incretin-based therapies as a central
pillar of obesity and cardiometabolic disease management
in the coming decade.
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