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Summary

Glucagon-like peptide-1 receptor agonist (GLP-1 RA) has
transformed the management of type 2 diabetes and obesity,
with expanding indications now spanning cardiovascular,
renal, and hepatic disease. As exposure broadens across in-
creasingly diverse populations, gastrointestinal adverse events
(GIAEs) have emerged as the dominant tolerability limita-
tion and a leading drug-related reason for discontinuation
of ‘treatment. This review synthesizes the mechanisms, clin-
ical spectrum, and management of GLP-1 RA-associated
GIAEs. These effects arise from a dual peripheral-central
mechanism: peripheral receptor activation slows gastric mo-
tility, whereas activation in the area postrema and nucleus
tractus solitarius (NTS) drives nausea and emesis. This dual
mechanism explains why symptom severity may correlate

poorly with the measured degree of gastric-emptying delay
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and why centrally acting antiemetics are most widely used
to relieve nausea and emesis. Across clinical trials, nausea,
emesis, diarrhea, constipation, and abdominal pain follow
a consistent dose- and indication-dependent gradient, with
the highest incidence observed with higher-dose obesity and
MASH regimens and multi-agonist molecules. Most symp-
toms are mild, emerge during dose escalation, and attenuate
over time, though a clinically important minority of patients
experience persistent symptoms, and a subset develops gas-
troparesis. Management should rest on anticipation and
screening of gastrointestinal symptoms at baseline, pretreat-
ment counseling, gradual up-titration, and dietary measures
before pharmacotherapy. Future priorities include standard-
ized motility measurements and endpoints, predictive bio-
markers, and evidence-based management algorithms.

Keywords. Glucagon-like peptide-1 receptors, drug-related
side effects, nausea, gastroparesis, obesity, diabetes.

Efectos adversos gastrointestinales del
agonista del receptor de GLP-1: revi-
sion narrativa

Resumen

Los agonistas del receptor del péptido similar al glucagén tipo
1 (GLP-1 RA) han transformado el manejo de la diabetes
mellitus tipo 2 y la obesidad, con indicaciones en expansion
que abarcan enfermedades cardiovasculares, renales y he-
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paticas. A medida que su uso se extiende a poblaciones di-
versas, los eventos adversos gastrointestinales (GIAE) se han
convertido en la principal limitacién de tolerabilidad y una
causa frecuente de suspension del tratamiento. Esta revisidn
sintetiza los mecanismos, el espectro clinico y el manejo de
los GIAE asociados con los GLP-1 RA. Estos efectos resultan
de mecanismos periféricos y centrales: la activacion periféri-
ca de los receptores enlentece la motilidad gdstrica, mientras
que la activacion en el drea postrema y el niicleo del tracto
solitario podria contribuir a las nduseas y los vémitos. Esta
dualidad explica la escasa correlacion entre la intensidad de
los sintomas y el retraso medido del vaciamiento gdstrico, asi
como el uso frecuente de antieméticos de accidn central. En
ensayos clinicos, las nduseas, vémitos, diarrea, estreiiimiento
y dolor abdominal muestran un gradiente dependiente de
la dosis y la indicacidn, con mayor frecuencia a dosis altas
empleadas para obesidad y esteatohepatitis asociada a dis-
Sfuncion metabdlica (MASH), asi como con agonistas miilti-
ples. La mayoria de los sintomas son leves, aparecen durante
el escalamiento y disminuyen con el tiempo; sin embargo,
una minoria presenta sintomas persistentes y un subgrupo
desarrolla gastroparesia. El manejo debe ser anticipatorio
e incluir evaluacion basal, educacion y medidas dietéticas
antes del tratamiento farmacoldgico. Las prioridades futuras
incluyen estandarizar las mediciones de motilidad gastroin-
testinal, identificar biomarcadores predictivos y desarrollar
algoritmos de manejo basados en evidencia.

Palabras claves. Receprores del péptido similar al glucagon
tipo 1, efectos adversos relacionados con los medicamentos,
nduseas, gastroparesia, obesidad, diabetes.

Abbreviations

GLP-1 RA: Glucagon-like peptide-1 receptor agonist.
GIAEs: Gastrointestinal adverse events.

MASH: Metabolic dysfunction-associated steatobepatitis.
T2DM: Type 2 diabetes mellitus.

DGE: Delayed gastric emptying.

DPP-4: Dipeptidyl peptidase-4.

GIP: Glucose-dependent insulinotropic polypeptide.

BMI: Body mass index.

MASLD: Metabolic dysfunction-associated steatotic liver

disease.

CKD: Chronic kidney disease.

GI: Gastrointestinal.

CNS: Central nervous system.

cAMP: Cyclic adenosine monophosphate.
PKA: Protein kinase A.
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GABA: Gamma-aminobutyric acid.
NTS: Nucleus tractus solitarius.

GETY: Gastric half-emptying time.

CI: Confidence interval.

SMD: Standardized mean difference.
SC: Subcutaneous.

NNH: Number needed to harm.

RCT: Randomized controlled trial.
SGLT2: Sodium-glucose cotransporter-2.
IBS: Irritable bowel syndrome.

GERD: Gastroesophageal reflux disease.
IBD: Inflammatory bowel disease.

GFR: Estimated glomerular filtration rate.
GES: Gastric emptying scintigraphy.

1. Introduction and Prevalence of GLP-1 Use

1.1 Evolution and Therapeutic Indications of GLP-1 RA
GLP-1 RA represents a paradigm shift in managing
T2DM and obesity in the last decade.” > Their develop-
ment traces to the 1960s discovery of the incretin effect,
the observation that oral glucose elicits greater insulin se-
cretion than intravenous glucose, implicating gut-derived
hormones in glycemic regulation.* GLP-1 RA, secreted by
intestinal L-cells in response to nutrient ingestion, modu-
lates glucose homeostasis through insulin stimulation, glu-
cagon suppression, DGE, and central satiety signaling.”~’
The first GLP-1 RA, exenatide, a synthetic exendin-4
analogue, isolated from Heloderma suspectum saliva that
shares 53% sequence homology with human GLP-1 and
resists DPP-4 mediated degradation, received FDA ap-
proval in 2005. Subsequent agents expanded the class:
liraglutide (2010), dulaglutide (2014), and semaglutide
(2019).%? GLP-1 RA is classified according to plasma half-
life and duration of GLP-1 receptor activation as short-act-
ing (exenatide twice-daily) or long-acting (lixisenatide
once-daily, liraglutide once daily, and dulaglutide and
semaglutide once-weekly). Tirzepatide, a dual GIP/GLP-1
RA, further broadened the therapeutic landscape following
FDA approval in 2022-2023. Retatrutide, a triple GIP/
GLP-1, is currently pending regulatory approval.’ Other
dual agonists such as cagrilintide/semaglutide (which tar-
get the amylin receptors) are also in development.
Approved indications include glycemic control in
T2DM, chronic weight management (BMI > 30 kg/m?,
or > 27 kg/m? with at least one weight-related comorbid-
ity), MASLD/MASH, and cardiovascular risk reduction
in T2DM patients with established atherosclerotic dis-
ease.” '' =¥ Emerging evidence continues to expand the
therapeutic scope of this class. For example, the FLOW
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trial has established a cardio-renal protective role in pa-
tients with CKD. "

1.2 Trends in the Use of GLP-1 RA

GLP-1 RA utilization has grown exponentially over
the past decade, driven by expanding indications, robust
efficacy data, and growing recognition of cardiometa-
bolic benefits. Prescriptions of formulations approved
only for T2DM agents (Ozempic, Rybelsus, Mounjaro,
Victoza) grew at a mean annual rate of 38.5% between
July 2017 and February 2024, from 0.3 to 3.5 million
monthly prescriptions. In parallel, uptake among pa-
tients with comorbid T2DM and obesity climbed from
2.4% (2010) to 34.3% (2024), accelerating most steeply
after the approvals of semaglutide and tirzepatide.”” 7

Real-world data from the NIH A/ of Us cohort re-
veal that nearly 40% of current GLP-1 RA users carry no
T2DM diagnosis, reflecting substantial uptake for obesity
management.'® This shift carries direct clinical relevance,
as obesity-focused regimens typically employ higher dos-
es and thus greater GI exposure than the doses required
for glycemic indications.”> " -2 As GLP-1 RA exposure
expands across increasingly diverse patient groups, a thor-
ough understanding of their gastrointestinal safety profile
becomes essential for physicians.

2. Pathophysiological Mechanisms of Gastro-
intestinal Adverse Events

2.1 GLP-1 Receptor Distribution and Signaling

Understanding GLP-1 RA induced GIAEs requires
familiarity with receptor distribution across the gut and
CNS. The GLP-1 receptor is a class B G-protein-coupled
receptor that, upon ligand binding, activates adenylyl
cyclase, elevates intracellular cAMP, and engages down-
stream PKA and exchange protein directly activated by
cAMP signaling pathways.*"**

GLP-1 receptors are expressed throughout the GI tract
in gastric smooth muscle, enteric neurons, and vagal af-
ferent terminals of the stomach; and in enteroendocrine
cells, smooth muscle, and the myenteric plexus of the small
intestine mediating effects on motility, secretion, accom-
modation, and nutrient absorption.> ©* Critically, GLP-1
receptors are also expressed in key CNS regions: the area
postrema, N'TS, hypothalamus, and brainstem.® > The
area postrema, lacking a complete blood-brain barrier,
functions as a chemoreceptor trigger zone for emesis and
carries high GLP-1 receptor density.”** The NTS inte-
grates vagal afferent input with central satiety and nausea
pathways, forming a functional axis with peripheral gut
signaling (See Figure 1).%

Figure 1. Central and Peripheral Mechanisms Underlying the Therapeutic and Gastrointestinal Adverse Effects of GLP-1
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This dual peripheral-central receptor architecture ex-
plains both the therapeutic actions and GIAEs of GLP-1
RA. Emerging evidence suggests that peripheral GLP-1
receptor activation via vagal afferents and direct enter-
ic nervous system signaling mediates DGE and altered
motility, effects that are therapeutically desirable for sup-
pressing postprandial glucose and inducing satiety.®>2¢%
In contrast, there is evidence from experimental animal
studies that nausea and vomiting arise from central effects
of GLP-1.%#

Centrally located GLP-1 receptors modulate gas-
tric slow waves and cardiovascular function in ferrets
consistent with the induction of nausea predominantly
through central signaling, e.g. at the area postrema.*®
Preclinical studies demonstrate that area postrema-spe-
cific GLP-1 receptor ablation abolishes retching-like
behavior without compromising metabolic benefits,
suggesting a dissociation between emetic and metabol-
ic pathways. While preserving therapeutic efficacy for
glycemic control and satiety, GIP receptor co-agonism
may attenuate emesis through GABAergic inhibitory
neurons in the area postrema/NTS that locally silence
the same emetic circuitry activated by GLP-1 receptor

signaling.®® !

2.2 Effects on Gastric Emptying

DGE is one of the adverse effects most associated with
GLP-1 RA, although the proportion of patients who ob-
jectively develop DGE varies across studies. However,
this delay appears to attenuate over time, a phenomenon
known as tolerance.® 3234

Meier et al. demonstrated that intravenous GLP-1
infusion at pharmacological concentrations was associat-
ed with 74% gastric retention at 4 hours compared with
34% with placebo.”” The magnitude of this effect is driv-
en less by potency than by receptor-occupancy kinetics.
Short-acting agents, such as twice-daily exenatide, have
plasma half-lives of 2-3 hours and produce intermittent
supraphysiologic receptor stimulation, preserving recep-
tor sensitivity and causing pronounced, sustained delays
in gastric emptying.* In a meta-analysis, GLP-1 RA sig-
nificantly delays gastric emptying of solids, increasing
GETY2 by a mean of 74 minutes (95% CI, 46-101), with
a large effect size (SMD 2.38; 95% CI, 1.05-3.71; p <
0.001). The delay was greater with short-acting agents,
which prolonged GETY2 by 116 minutes (SMD 3.86).%
In contrast, long-acting agents, including liraglutide and
dulaglutide, provide near-continuous receptor occupan-
cy, leading to tolerance and attenuation of the gastric ef-
fect over time.> %
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This distinction has important clinical implica-
tions. Short-acting agents primarily reduce postpran-
dial glucose excursions by slowing gastric emptying,
whereas long-acting agents lower fasting glucose main-
ly through insulinotropic and glucagon-suppressive
effects.’ 3% %

A longitudinal analysis from a clinical trial of patients
with normal GE at baseline treated with liraglutide
(n = 67) further illustrates this pattern: 57% developed
significant DGE after treatment for 5 weeks, but toler-
ance led to normalization in approximately half of these
patients by 16 weeks, leaving persistent delay in about
30%. Consistently, the median delay decreased from
70 minutes at 5 weeks to 30.5 minutes at 16 weeks, al-
though it remained statistically significant.* This resid-
ual delay is clinically relevant: further analysis suggests
that it correlates with weight loss, explaining approxi-
mately 20% of its variance, and that it may contribute
to retained gastric contents and periprocedural aspira-
tion risk. 4!

Although GLP-1 RA can delay gastric emptying, the
severity of nausea does not correlate linearly with the
degree of gastric delay.**~% This dissociation is support-
ed by the observation that long-acting agents may cause
nausea despite tolerance of gastric effects.” ** ** Overall,
nausea appears to be driven primarily by central mech-
anisms, as discussed in Section 2.1. This is consistent
with the greater clinical benefit of centrally acting anti-
emetics, such as ondansetron, compared with prokinetic
agents, > 4546

Taken together, these observations support a multi-
modal approach that addresses both peripheral and cen-
tral mechanisms, tailored to individual patient’s symp-
tom profile, consistent with the predominant clinical use
of antiemetics.

2.3 Effects on Intestinal Motility and Transit

Beyond the stomach, GLP-1 RA significantly in-
fluences small intestinal and colonic motility, explain-
ing the diverse GI symptoms encountered in clinical
practice.

In the small intestine, a clinical trial in patients with
T2DM demonstrated that exenatide reduces proximal
pressure waves by approximately 30%, decreases intes-
tinal flow velocity, and prolongs small bowel transit
by 20-40 minutes.” These effects attenuate nutrient
absorption and enhance incretin signaling contribut-
ing to therapeutic efficacy but also likely predispose
to bloating, abdominal discomfort, and altered bowel
habits.® #
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Effects of GLP-1 RA on small intestinal motility can
also be inferred from a 4-week treatment cross-over study
with daily SC administration of liraglutide (dose escalat-
ed from 0.6 mg to 1.8 mg/day), which reduced chronic
high bowel frequency in eight patients with colectomy
and ileal pouch anal anastomosis.*’

Colonic responses are more heterogeneous and likely
explain the paradoxical occurrence of diarrhea and con-
stipation across patients. Some evidence supports de-
layed colonic transit favoring constipation, while other
data suggest accelerated transit or altered secretion driv-
ing diarrhea.? % A retrospective case series using the
wireless motility capsule documented prolonged whole-
gut transit time in more than 40% of patients treated
with GLP-1 RA°® A preliminary report of a propen-
sity score-weighted retrospective cohort study of adult
patients with T2DM and/or obesity who underwent
clinically-indicated whole-gut transit assessment over
48 hours at a tertiary referral practice found that GLP-1
receptor agonist is associated with delayed colonic tran-
sit in almost 30% of individuals, compared with less
than 20% in controls.’!

The mechanisms likely involve direct effects on co-
lonic smooth muscle, enteric nervous system modulation,
and altered nutrient delivery from changes in upper gas-
trointestinal transit. This heterogeneity may reflect dif-
ferences in GLP-1 receptor signaling pathways, regional
colonic effects, and patient-specific factors, all of which
remain under investigation.?> 3% 3 4852

GLP-1 RA may additionally influence intestinal secre-
tion and mucosal permeability through enterocyte-level
effects, though these mechanisms remain incompletely
characterized.”>

2.4 Pharmacokinetic and Pharmacodynamic Factors
The gastrointestinal tolerability of GLP-1 RA is influ-

enced by four key pharmacological factors: dose-response
relationships, formulation class, tolerance, and drug in-
teractions.®>*

Higher doses of GLP-1 RA are associated with an in-
creased risk of GIAEs.”* > These events, most common-
ly nausea, vomiting, diarrhea, and constipation, follow
a consistent dose-response pattern and occur most fre-
quently during dose escalation.”® Higher event rates have
been reported with maximal or higher doses of dulaglu-
tide, semaglutide, and tirzepatide in clinical trials (See
Table 1).

Although formulation class and pharmacokinetic pro-
file influence the pattern of GIAEs, they do not reliably

predict overall tolerability.'® > In general, long-acting

agents provide steadier drug exposure, and are often con-
sidered better tolerated.* 7> 32 58 However, clinical trial
data do not uniformly support this assumption, as several
long-acting agents, particularly higher-dose semaglutide
and tirzepatide, are consistently associated with GIAEs
(See Table 1). In contrast, the oral versus injectable route
appears less important once dose and systemic exposure
are considered, with agent-specific properties driving
much of the variability.>*

Tolerance and longer exposure may reduce gastro-
intestinal symptoms during GLP-1 RA therapy.® 2335
Gastric emptying delay and related symptoms often at-
tenuate after initiation, as discussed in Section 2.2. This
adaptation appears stronger for peripheral motility effects
than for centrally mediated nausea, which may persist in
susceptible patients.* >3

Finally, data on drug—drug and comorbidity inter-
actions affecting GLP-1 RA gastrointestinal tolerability
remain limited. Some evidence suggests additive symp-
tom burden with metformin and higher risk with mo-
tility-slowing agents or baseline gastroparesis; however,
recommendations largely rely on indirect analyses, case
series, and expert guidance.’* =3¢ 60-62

3. Clinical Manifestations of GIAEs

Gl-related discontinuation is a clinically important
marker of tolerability. In randomized trials, discontin-
uation attributable to GIAEs ranges from under 2% to
approximately 19% with high-dose GLP-1 RA varying
by agent, dose, indication, and trial design.® 5> Nau-
sea and vomiting account for most withdrawals, fol-
lowed by diarrhea, abdominal pain, and constipation
(See Table 1).

Discontinuation usually occurs during dose es-
calation, when symptoms peak; for example, in the
STEP program trials, the cumulative incidence of first
GIAE:s plateaued after week 20, and most discontin-
uations occurred within the escalation period. Risk is
higher with rapid escalation, baseline GI symptoms,
metformin use, pre-existing GI disease, female sex,
and obesity.!® 1> 4 61 64 Notably, elevated GI symp-
tom rates did not uniformly translate into treatment
discontinuation: in ESSENCE, discontinuation due
to adverse events was numerically lower with sema-
glutide than placebo despite substantially higher GI
event rates, and in the randomized phase of STEP-4
discontinuation was nearly identical between treat-
ment arms, suggesting that with gradual titration, es-
tablished tolerance, and adequate counseling, GIAEs
are largely manageable.'> ¢
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Table 1. Reported Gastrointestinal Adverse Events in GLP-1 Receptor Agonist Clinical Trials, Stratified by Treatment In-

dication
Trial (Name) Intervention Main Qutcome GIAEsT GIRDt Total % NNH
reported (Leading to
GIAEs discontinuation
for all causes)§
Diabetes Trials
SUSTAIN-673 Semaglutide MACE: HR 0.74 Nausea: 17.3% vs 6% 51%vs  42%vs 15/17
0.5-1.0 mg SC (p=0.02); HbA1c | Vomiting: 10.5% vs 3.5% 0.9% 22%
1.0-1.1% Diarrhea: 17.9% vs 9%
Constipation: 8% vs 4.5%
Abdominal pain: 7% vs 5%
SUSTAIN 1 to 5'% Semaglutide SC HbA1c | —1.2% to Nausea: 15-19% vs 6% 51%vs  39-42% 18-21
0.5-1.0 mg SC —1.8% vs comparators; Diarrhea: 10-13% vs 6% 0.9% Vs 22 25%
weight | 3-6 kg Vomiting: 7-8% vs 3%
Constipation: 6% vs 3-4%
PIONEER1-860.67- Oral semaglutide HbA1c | —0.6% to Nausea: 15.4-19.1% vs 6.3% 8.7vs 39.1% 22
83-84,86-87 (3/7/14 mg) vs —1.5% vs comparators Diarrhea: 10.1-12.6% vs 5.7% 4.2% vs 24.8%
placebo (placebo, empagliflozin, Vomiting: 6.6-7.5% vs 2.8-3.3%
sitagliptin, liraglutide) Constipation: 5.8-6.5% vs 2.7-3.7%
SouL'es Oral Semaglutide MACE: HR 0.86 Nausea: 15% vs 5% 6.4%vs  45%vs 26
14 mg vs placebo (95% Cl 0.77-0.96, Vomiting: 8% vs 3% 2.0% 20%
p=0.006). First oral GLP-  Diarrhea: 11% vs 6%
1 CV benefit Constipation: 8% vs 4%
SURPASS-1#2 Tirzepatide HbA1c | —2.09% Nausea: 12-18% vs 6% 2/5/7% vs 36-50% vs NC/50/25
5/10/ 15 mg vs (15 mg) vs +0.04% Vomiting: 4-8% vs 2% 1% 22%
placebo (T2DM) placebo; p < 0.001 Diarrhea: 12-22% vs 8%
Constipation: 6-11% vs 4%
Abdominal pain: 5-7% vs 3%
SURPASS-2° Tirzepatide HbA1c | —2.01% with Nausea: 17-22% vs 18% 51/7.7/ 40-55% vs 77/26/24
5/10/15 mg vs 5mg; —2.30% with 15 mg  Vomiting: 7-12% vs 11% 79vs 45%
semaglutide 1 mg vs —1.86% semaglutid Diarrhea:14-20% vs 16% 3.8%
1 mg; superior weight loss  Constipation: 7-11% vs 9%
SURPASS-3'2 Tirzepatide HbA1c | —2.37% with Nausea:12/18/24% vs 2% 3-7%vs 42-58%vs 20
5/10/15 mg vs 15 mg) vs —1.34% with Vomiting: 6/8/10% vs 1% 1% 18%
insulin degludec insulin degludec; weight |  Diarrhea: 15/15/17% vs 4%
-13.9kg vs +3.0 kg Constipation: 8-13% vs 3%
Abdominal pain: 5-8% vs 3%
SURPASS-472 Tirzepatide HbA1c | —2.24% with 5 Nausea: 12/16/23% vs 2% 3-11%vs 33-53%vs 17/25/17
5/10/15 mg vs mg; —2.58% with Vomiting: 5/8/9% vs 2% 1% 19%
insulin glargine 15 mg vs —1.44% insulin  Diarrhea:13/20/22% vs 4%
glargine; CV safety Constipation: 5/4/4% vs 1%
established Abdominal pain: 6-8% vs 3%
SURPASS-57 Tirzepatide HbA1c | —-2.11%is 5 Nausea: 13/15/18% vs 2.5% 5/6/7% vs 46-58% vs 29/17/12
5/10/15 mg vs mg; 15 mg was —2.34%  Vomiting: 7/9/13% vs 2.5% 1% 22%
placebo (on insulin)  vs —0.86% placebo (on Diarrhea: 12/17/21% vs 10%
insulin); weight | —9.5 kg  Constipation: 9-13% vs 4%
Abdominal pain: 6-8 vs 3
SURPASS-CVOT®8 Tirzepatide MACE: HR 0.92 (95% Nausea: 25.1% vs 22.4% 13.3%vs 42.5%vs 15
upto 15 mgvs Cl 0.83-1.01); Vomiting: 9% vs 6% 10.2% 36%
dulaglutide 1.5mg  non-inferiority vs Diarrhea: 24.8% vs 19%
dulaglutide Constipation: 10% vs 7%

Abdominal pain: 6%vs 5%
Pancreatitis 0.6% vs 0.6%
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Continuation A. Table 1.

Trial (Name) Intervention Main Outcome GIAEst GIRDY Total%  NNH
reported  (Leading to
GIAEs discontinuation
for all causes)§
REWIND®* Dulaglutide MACE: 12.0% (dulaglutide) Nausea: 12.4% vs 6.4% 1-3%vs 47.4vs 35
1.5 mg weekly vs placebo vs 13.4% (placebo) Vomiting: 6.6% vs 3.3% 0 34.1%
HR 0.88 (p = 0.026); Diarrhea: 12.6% vs 7.7%
broader primary Constipation: 5.9% vs 4.3%
prevention Abdominal pain: 6.4% vs 4.8%
EXSCEL' Exenatide ER 11.4% (exenatide) vs Nausea: 10.2% vs 5.5% Not Not NC
2 mg weekly vs placebo 12.2% (placebo) HR 0.91  Vomiting: 6.8% vs 3.2% reported reported
(95% C1 0.83-1.00). Diarrhea: 9.3% vs 6%
Exenatide met Constipation: 4.5% vs 3.5%
noninferiority (p < 0.001)  Abdominal pain: 5.4 %vs 4%
but did not achieve
superiority (p = 0.06)
ELIXA™2 T2DM recent ACS. Lixisenatide MACE: HR 1.02 (95% Nausea: 24% vs 10% 49%vs 30-36% 24
10-20 mcg daily vs placebo €l 0.89-1.17; p< 0.001 Vomiting: 10.5% vs 4% 1.2% Vs 6-14%
for noninferiority, p=0.81  Diarrhea: 8% vs 5.5%
for superiority Constipation: 3.5% vs 2.5%
Abdominal pain: 5.5% vs 4.5%
HARMONY Albiglutide 30-50 mg weekly MACE: 7% (albiglutide) vs ~ Nausea: 23.7% vs 12% 1.7%vs 41.9%vs NC
(cvoT)® vs placebo 9% (placebo) —HR 0.78 Vomiting: 9.5% vs 4.2% 1.5% 35.5%
(95% Cl 0.68-0.90; Diarrhea: 13.8% vs 8.8%
p = 0.0006 for superiority) Constipation: 6.5% vs 4.5%
Abdominal pain: 6.5% vs 4.5%
TRANSCEND Retatrutide HbA1c | —1.69%/ —1.86% Nausea: 16.4/19.5 /26.5% 2.2/4.5/ 68-80%  46/23/20
T2D-1 4/9/12 mg SC weekly vs / —1.94% (4/9/12 mgq) vs 3.7 51% vs 28%
(Phase 3, placebo (2 mg start, 4-weekly vs —0.81% placebo; ETD  Vomiting: 15.7/15.0 / 17.6% vs 0
40 wk, n = 537)% escalation) -0.88% / -1.04% vs 2.2%
/ =1.12%, all p< 0.0001.  Diarrhea: 18.7/26.3 / 22.8%
Weight | —11.5%/ -13.9%/ vs 4.5%
-15.3% vs -2.6%
Obesity Trials
STEP-174 Semaglutide Weight | —14.9% vs Nausea: 44% vs 17.4% 45%vs 73%vs 27
2.4 mg vs placebo —2.4% placebo; p < 0.001 Diarrhea: 30% vs 15.9% 0.8% 36%
Vomiting: 24.8% vs 6.6%
Constipation: 24% vs 11%
STEP-2 Semaglutide Weight | —9.6% vs Nausea: 32.1% vs 14.1% 6.2%/  63.5/ 37
(T2DM)™ 2.4 mg vs 1.0 mg vs placebo -7% vs — 3.4% placebo; ~ Vomiting:15.1% vs 5.4% 5%vs 57.5%
(all groups lifestyle p<0.001 Diarrhea: 19.5% vs 10.3% 3.5% vs 33%
intervention) Constipation:18.4% vs 9.8%
Abdominal pain:10.3% vs 6.7%
STEP-3% Semaglutide Weight | —16.0% vs Nausea: 58.2% vs 22.1% 3.4%vs 828%vs 33
2.4 mg weekly vs placebo —5.7%; superior to Vomiting: 27.3% vs 10.8% 0% 63.2%
both groups intensive lifestyle alone Diarrhea: 36% vs 22.1%
behavioral therapy Constipation: 22% vs 11.3%
STEP-4 Semaglutide Continued semaglutide Nausea: 14.0% vs 4.9% 24%vs 41.9%vs No
(maintenance)® 2.4 mg subcutaneously once -7.9% vs +6.9% Diarrhea: 14.4% vs 7.1% 2.2% 26.1% difference
weekly (16-week dose escalation, (withdrawal); sustained Constipation: 11.6% vs 6.3% (500)

followed by maintenance to week

20); responders randomized 2:1
to continue semaglutide 2.4 mg
or switch to placebo

loss with treatment
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Continuation B. Table 1.

Trial (Name) Intervention Main Outcome GIAEst GIRD} Total % NNH
reported (Leading to
GIAEs discontinuation
for all causes)§
STEP-5'% Semaglutide Weight | —15.2% vs —2.6% Nausea: 43% vs 16% 59%vs  72%vs 77
2.4 mg vs placebo at 104 wks; sustained Vomiting: 25% vs 7% 4.6% 35%
benefit Diarrhea: 30% vs 16%
Constipation: 24% vs 11%
Abdominal pain: 12% vs 8%
SELECT'% Semaglutide MACE HR 0.80 Nausea: 44% vs 16% 10%vs  74%vs 13
2.4 mg vs placebo (p<0.001); 20% CVrisk | Vomiting: 25% vs 7% 2% 36%
(no diabetes) in obese, no T2DM Diarrhea: 30% vs 16%
Constipation: 24% vs 11%
Abdominal pain: 12% vs 8%
SURMOUNT-17 Tirzepatide Weight 72 weeks | : Nausea: 24/33/31% vs 9.5% 1-10.5% 27.8 28
5/10/15 mg Tirzepatide 5 mg: —15.0%  Vomiting: 8.3/10.7/12.2% vs 1.7% -72.8 vs
vs placebo, Tirzepatide 10 mg: —19.5%  Diarrhea: 18.7/21.2/23% vs 7.3% 12.2
randomization Tirzepatide 15 mg: —20.9%  Constipation: 16.8/17/12% vs 5.8%
1:1:1:1 Placebo: —3.1% Abdominal pain: 9-12% vs 5%
(p < 0.001 for all) Dyspepsia: 8.9/9.7/11.3% vs 4.2%
SURMOUNT-2 Tirzepatide 10/15 Weight | at 72 weeks: Nausea: 20/22% vs 6% 4/7%vs  40-55%vs 33
(T2D)% mg vs placebo. Tirzepatide 10 mg: —12.8%  Vomiting: 11/13% vs 3% 4% 24%
randomization 1:1:1  Tirzepatide 15 mg: —14.7%  Diarrhea: 20/22% vs 9%
Placebo: —3.2% Constipation: 8/9% vs 4%
(p < 0.0001 for both)
SURMOUNT-3" Tirzepatide Weight | —18.4% Nausea: 39.7% vs 14% 10.5% vs 55% vs 12
(maximum tolerated  (tirzepatide after lifestyle Vomiting: 13% vs 3% 2% 22%
dose 10 or 15 mg) run-in) vs +2.5% placebo Diarrhea: 31% vs 9.2%
once weekly for Constipation: 23% vs 6.8%
72 weeks following
a 12-week intensive
lifestyle intervention;
randomized 1:1 to
tirzepatide or placebo
SURMOUNT-47¢ Tirzepatide Weight regains -5.5% vs Nausea: 8.1% vs 2.7% 7.0% 50% vs 111
(maximum tolerated  +14.0% after withdrawal; Vomiting: 5.7% vs 1.2% initially 22% (randomization
dose 10 or 15 mg) continued loss with Diarrhea: 10.7% vs 4.8% then after period)
once weekly. treatment Constipation: 14% vs 5% randomi-
Participants who Abdominal pain: 8 vs 4% zation
tolerated treatment 1.8% vs
were then randomized 0.9%
1:1 to continue
tirzepatide or switch
to placebo
SCALE (Obesity)®  Liraglutide Weight | —8.4 kg vs Nausea: 41% vs 17% 6.4%vs 68%vs 18
3.0 mg daily vs —2.8 kg placebo at Vomiting: 15.7% vs 4.3% 0.7% 28%
placebo 56 wks; p < 0.001 Diarrhea: 25% vs 10%
Constipation: 19.4% vs 8.5%
Abdominal pain: 11.5% vs 6.5%
Retatrutide Ph2 Retatrutide Weight | Placebo: —2.1% Nausea: 14-45% vs 11% 7-8%vs 70-85%vs 6
Obesity™ 4-12 mg vs placebo  Retatrutide 1 mg: —8.7% Vomiting: 3-26% vs 1% 0% 28%
Retatrutide 4 mg Diarrhea: 9-20% vs 11%
(combined): —=17.1% Constipation: 7-16% vs 3%
Retatrutide 8 mg Abdominal pain: 12-18% vs 4%
(combined): —22.8%
Retatrutide 12 mg: —24.2%
(p < 0.001 for all vs
placebo) at 48 wks
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Continuation C. Table 1.

Trial (Name) Intervention Main Outcome GIAEst GIRD} Total % NNH
reported (Leading to
GIAES discontinuation

for all causes)§

CKD Trials
FLOW (CKD + Patients with T2DM  Kidney composite HR 0.76 ~ Not reported GIAEs individually. 45%vs  42%vs 77
T2DM) and CKD were (p < 0.001); eGFR decline |; 1.1% 20%
Semaglutide'™ randomized 1:1 to CV death | 29%
semaglutide 1.0 mg
subcutaneously once
weekly (n =1,767)
or placebo
(n=1,766)
NASH/MASH Trials
ESSENCE Patients with biopsy-  MASH resolution + no Nausea: 36.3% vs 13.2% 2.6%vs  74%vs 15
(MASH Ph3)' confirmed MASH fibrosis worsening: 62.9% Diarrhea: 26.9% vs 12.2%, 3% 37%
and fibrosis vs 34.3% (p < 0.001) Constipation: 22.3% vs 8.4%,
stage F2/F3 were Fibrosis improvement > 1 Vomiting: 18.6% vs 5.6%
randomized 2:1 to stage without worsening of ~ Abdominal pain: 13% vs 8%
semaglutide 2.4 mg  MASH: 36.8% vs 22.4%
subcutaneously once
weekly or placebo
SYNERGY- Adults with biopsy- MASH resolution Nausea: 35/34/44% vs 12% 4/0/4% vs 91/94/92% 25 (15 mg
NASH (Ph3)7 confirmed MASH and  Placebo: 10% Vomiting: 6/6/15% vs 2% 2% vs 83% dose), rest
stage F2/F3 fibrosis  Tirzepatide 5 mg: 44% Diarrhea: 32/36/27% vs 23% of dose not
were randomized (difference vs placebo: 34 pp; Constipation: 23/19/15% vs 6% calculable.
to tirzepatide 5 mg, p < 0.001) Abdominal pain: 6/6/12% vs 8%
10 mg, or 15 mg Tirzepatide 10 mg: 56% Abdominal distention: 6/6/12% vs 8%
subcutaneously once  (difference: 46 pp; p < 0.001)
weekly, or placebo,  Tirzepatide 15 mg: 62%
for 52 weeks (difference: 53 pp; p < 0.001)
LEAN Overweight adults NASH resolution 39% vs Nausea: 46% vs 38% 19%vs 81%vs 6
(NASH)®* with biopsy- 9% (p = 0.019); pilot trial Vomiting: 19% vs 12% 19% 65%
confirmed NASH (RR:4.3, p=0.019) Diarrhea: 38% vs 19%
were randomized 1:1 Constipation: 27% vs 0
to liraglutide 1.8 mg Dyspepsia: 15% vs 4%
subcutaneously once Bloating: 15% vs 0
daily or placebo for
48 weeks

GIAEs rates are presented as active treatment versus comparator. When multiple dose groups were reported, ranges or dose-specific values are shown when were
available. NNH values were not calculated when insufficient data were available.

Abbreviations: ACS (acute coronary syndrome), CKD (chronic kidney disease), CV (cardiovascular), CVOT (cardiovascular outcomes trial), eGFR (estimated glomerular
filtration rate), GIRD (gastrointestinal-related drug discontinuation), GIAEs (gastrointestinal adverse events), HbA1c (glycated hemoglobin), HR (hazard ratio), MACE (major
adverse cardiovascular events), MASH (metabolic dysfunction-associated steatohepatitis), NASH (nonalcoholic steatohepatitis), NNH (number needed to harm), NR (not
reported), SC (subcutaneous), T2DM (type 2 diabetes), NC (not calculable).

1 GIAEs represents the proportion of participants experiencing at least one gastrointestinal adverse event (e.g., nausea, vomiting, diarrhea, constipation, abdominal
pain, dyspepsia, or bloating) as reported in each trial.

1 GIRD represents the proportion of participants who discontinued study treatment because of gastrointestinal adverse events.

§ Overall NNH leading to discontinuation was calculated using the absolute risk increase for any adverse event leading to treatment discontinuation (all-cause adver-
se event discontinuation), comparing the active treatment with the control group. NNH is based on all-cause AE discontinuation because it is reported consistently across
trials and is the most clinically actionable endpoint; across programs, gastrointestinal events were the predominant driver of treatment discontinuation.

3.1 Nausea ic NNH versus placebo ranged from approximately 3 in
Nausea is the most frequently reported GIAEs across  high-dose obesity trials to over 20 with diabetes-dose reg-
GLP-1 RA-based therapy trials, ranging from approxi- imens, meaning that one additional case of nausea oc-
mately 10% to 58%.% -7 The estimated nausea-specif-  curred for every 3 to 20 patients treated. In active-com-
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parator trials such as SURPASS-2, the excess nausea risk
with tirzepatide versus semaglutide 1 mg was minimal,
and a meaningful NNH could not be derived. Semaglu-
tide demonstrated a clear dose- and indication-depen-
dent increase, with nausea increasing from approximately
15-19% in diabetes trials, 32-58% in obesity trials and
approximately 36% in MASH (ESSENCE).'*73-74 Low-
er NNH values were observed with retatrutide (a triple
GIP/GLP-1/glucagon receptor agonist) and higher-dose
obesity or MASH regimens, indicating a stronger nausea
risk for this group of patients.'>7>7>-7

3.2 Vomiting

Vomiting was reported less frequently than nausea but
followed a similar dose- and indication-dependent pattern.
Across trials, vomiting ranged from approximately 4% to
27%, with an estimated vomiting-specific NNH versus
placebo of approximately 5 to over 50.% ¢ ¢ 7477, 80 -6
For semaglutide, vomiting rates were lower in diabetes
and CKD trials, generally ranging from 5% to 10.5%,
but increased to 15% to 25% in higher-dose obesity and
MASH trials.!> 14 6581.83,84 86 -89 Eor tirzepatide, vomiting
ranged from 4% to 12% in diabetes trials and increased to
approximately 11% to 20% in obesity trials and MASH
trials.”® 77>7% 829091 A distinctive vomiting signal was ob-
served with retatrutide: in TRANSCEND-T2D-1, vom-
iting reached 15.7-17.6% of patients versus 2.2% with
placebo at diabetes doses rates, comparable to those ob-
served with semaglutide only at obesity doses. These find-
ings yielded among the lowest vomiting-specific NNH
values (-7-8) in the diabetes trials.®® 7

3.3 Diarrbea

Diarrhea was commonly reported across GLP-1 RA-
based therapy trials, with rates ranging from approxi-
mately 7% to 38%. For semaglutide, diarrhea rates were
lower in diabetes and CKD trials, generally ranging
from 10% to 17.9%, but increased to approximately
19.5% to 30% in higher-dose obesity and MASH tri-
315.13' 14, 65, 81, 83 - 84, 86 — 89
For tirzepatide, diarrhea ranged from 12% to 22% in
diabetes trials and approximately 14% to 23% in obe-
sity trials and MASH trials.”® 77> 7% 829091 The highest
diarrhea rates were observed with retatrutide in TRAN-
SCEND-T2D-1 (18.7-26.3% vs 4.5%) and with li-
raglutide in LEAN (38% vs 19%), although the latter
derives from a pilot trial of 52 patients and should there-
fore be interpreted with caution. Notably, in TRAN-
SCEND-T2D-1 diarrhea exceeded nausea at the 9 mg
dose, a pattern not typical of isolated GLP-1 receptor
agonist and possibly reflecting glucagon-receptor agonist
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mediated effects on intestinal secretion and transit.®® 7> 92

Real-world studies report higher diarrhea rates with
GLP-1 RA than those reported in clinical trials, likely
reflecting broader populations and longer follow-up.'®
Diarrhea may occur early after the treatment or persist,
reflecting variable effects on intestinal motility and secre-
tion.”® Persistent or severe diarrhea warrants evaluation
for alternative causes, including concomitant pharma-
cotherapy use, GI infections, IBD, celiac disease, micro-
scopic colitis, bile acid malabsorption, and pancreatic
insufficiency.

3.4 Constipation

Constipation was reported across GLP-1 RA-based
therapy trials, with rates ranging from approximately
3.5% to 24%, and up to 27% in the small LEAN pi-
lot (versus 0% with placebo). The estimated constipa-
tion-specific NNH ranged from ~4 to ~90.7%7%92% Con-
stipation associated with GLP-1 RA may occur either
early after treatment initiation or after months of therapy
and in severe cases can lead to fecal impaction or bow-
el obstruction. Patients with pre-existing constipation,
slow-transit constipation, or pelvic floor dysfunction are
at increased risk and require close monitoring.’>?

For semaglutide, constipation was relatively infre-
quent in diabetes patients and CKD trials, including
SUSTAIN-6 and SOUL, ranging from 6% to 8%, but
increased to approximately 16% to 24.2% in higher-dose
obesity and MASH trials.!® 6> 8183 - 84,8689

For tirzepatide, constipation ranged from 6% to
13% in SURPASS diabetes trials and approximately 12%
to 22% in SURMOUNT obesity trials and SYNER-
GY-NASH.7¢-77-7%.82.90-91 In the phase 2 obesity trial,
retatrutide was associated with constipation in 7-16%
of participants versus 3% with placebo; constipation was
not reported among the most frequent adverse events in
the phase 3 TRANSCEND-T2D-1 topline data, and

dose-specific rates await full publication.®® 7

3.5 Abdominal Pain and Discomfort

Abdominal pain was less frequent and less consis-
tently reported than other GIAEs. Across trials that
included this outcome, abdominal pain ranged from
approximately 5% to 18%.'% 3% 4. €0. 64,75, 77, 80, 87,96 For
semaglutide, rates were lower in diabetes and CKD tri-
als, ranging from 5.5% to 7%, but increased to approxi-
mately 10.3% to 13% in higher-dose obesity and MASH
trials.!3- 14 5. 81.83-84.86-89 Eor tirzepatide, abdominal pain
ranged from 5% to 8% in diabetes trials and approximate-
ly 6% to 12% in obesity trials and MASH. The strongest
rates were observed with retatrutide in the phase 2 obesity
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trial, where abdominal pain reached 12-18% versus 4%
with placebo; notably, abdominal pain was not reported

in the TRANSCEND-T2D-1 topline data.®®”

3.6 Gastroparesis and Severe Gastric Dysmotility
Although DGE is a pharmacological class effect of

GLP-1 RA, clinically significant gastroparesis occurs in
only a subset of users. Reported incidence varies, with
real-world estimates around 5.1%.'® Risk is higher with
baseline dysmotility, diabetic autonomic neuropathy,
rapid escalation, higher doses, female sex, and motility-al-
tering drugs. Diagnosis requires compatible symptoms,
objectively documented DGE of solids, and exclusion
of mechanical obstruction. The extent to which these

changes are reversible after drug discontinuation remains
incompletely defined.® 1%3% 4257, 9798

3.7 Biliary Adverse Events

Biliary adverse events occur in approximately 1-3%
of patients treated with GLP-1 RA, with randomized ev-
idence demonstrating a modest class-wide increase driv-
en predominantly by cholelithiasis.”” A meta-analysis of
76 randomized controlled trials (RCT; > 100,000 parti
cipants) reported increased risks of composite gallblad-
der/biliary disease (RR 1.37), cholelithiasis (RR 1.27),
cholecystitis (RR 1.36), biliary disease (RR 1.55), and
cholecystectomy (RR 1.70), with greater risk at high-
er doses, treatment durations > 26 weeks, and weight-
loss indications.” Liraglutide demonstrated the high-
est drug-specific risk (RR 1.79) for cholecystitis or
cholelithiasis, followed by dulaglutide (RR 1.35), where-
as high-dose SC semaglutide showed increased risk
(RR 1.58 for > 1.0 mg); risk with exenatide was border-
line, while oral semaglutide, lixisenatide, and albiglutide
were not significantly associated.” More recent place-
bo-controlled data confirmed increased cholelithiasis
(RR 1.46) but not cholecystitis or cholangitis.'® Observa-
tional data similarly suggest a modest increase in compar-
ison to SGLT2 inhibitors (HR 1.15), although absolute
excess risk remains low.'”" Mechanistically, GLP-1 RA
reduces gallbladder motility and emptying, potential-
ly through suppression of cholecystokinin, while rapid
weight loss promotes biliary cholesterol supersaturation.®>
7 Risk appears cumulative, generally emerging after ap-
proximately 6 months and diverging from comparator
therapies after longer follow-up. In contrast, pancreatitis
risk remains reassuring. Placebo-controlled RCT and large
cohorts demonstrate no clinically meaningful increase,
although isolated observational studies report small, pre-
dominantly early signals.” - %12 No GLP-1 RA has a
consistent pancreatitis-specific risk in high-quality evi-

dence; pharmacovigilance signals, particularly for liraglu-
tide, remain hypothesis-generating and do not prove defi-
nite association. Overall, biliary complications represent
an uncommon but clinically relevant class effect, whereas
acute pancreatitis is not supported as a major GLP-1 RA
toxicity. Risk assessment should consider dose, duration,
indication, and magnitude of weight loss.

4. Impact of GIAEs in Specific Patient Popula-
tions

4.1 Patients with T2DM vs Patients with Obesity

GLP-1 RA gastrointestinal tolerability appears driven
more by dose, agent, and patient factors than by diabetes
versus obesity status alone.'”>>> % Patients with T2DM
may have baseline delayed or rapid gastric emptying
from autonomic neuropathy, whereas patients with
obesity but without diabetes often have preserved gas-
tric reserve.” 1%~ 1% Notably, at identical doses, patients
with T2DM consistently report lower GIAEs than those
without diabetes. With semaglutide 2.4 mg, nausea oc-
curred in 32.1% of patients with T2DM (STEP-2) ver-
sus 44% of those without diabetes (STEP-1); similarly,
with tirzepatide, a similar pattern is seen between SUR-
MOUNT-2 (nausea 20-22%) and SURMOUNT-1
(24-33%) (Table 1). Proposed explanations include di-
abetes-related autonomic dysfunction blunting visceral
afferent signaling, prior incretin or metformin exposure,
and differences in baseline gastric physiology.® 3 -5
The higher symptom burden in patients treated for
obesity underscores the importance of gradual titration,
counseling, and education to reduce premature discon-
tinuation during therapy.

4.2 Pre-existing GI Disorders

Patients with pre-existing GI disorders are at high-
er risk of GLP-1 RA-related adverse events and require
individualized selection, counseling, and monitoring.
Symptomatic gastroparesis or diabetic autonomic neurop-
athy may predispose patients to severe nausea, vomiting,
early satiety, and nutritional compromise, making these
baseline conditions a relative contraindication in select-
ed cases; when treatment is pursued despite these con-
ditions, the slowest available titration schedule and early
reassessment are advisable.® >*> 5 ¢ IBS symptoms may
worsen according to subtype, although improvement of
the bowel dysfunction symptoms is possible. GERD ef-
fects are variable, reflecting competing influences of DGE
and weight loss.> 3% Overall, severe gastroparesis, bowel
obstruction, severe IBD, and pancreatitis warrant careful
risk-benefit assessment before commencing GLP-1 RA
treatment.”* > Importantly, the trials summarized in
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Table 1 systematically excluded patients with significant
pre-existing GI disease, gastroparesis, or prior bariatric
surgery. The adverse event rates summarized in Table 1
therefore describe a GI-healthy population and likely un-
derestimate the symptom burden in the patients discussed
in this section, for whom no randomized safety data exist.

4.3 Age-Related Differences

Age-related differences influence GLP-1 RA tolera-
bility, although direct cross-trials comparisons are con-
founded: the older populations in Table 1 (SELECT,
SOUL, FLOW, and the cardiovascular outcome trials;
mean ages 62-67 years) received lower doses and, in sev-
eral cases, had restricted safety-event capture, whereas the
younger populations in obesity trials received the highest
doses.'® 195 -1 \¥ithin this limitation, GI-related discon-
tinuation in the older CKD population of FLOW (4.5%
vs 1.1%) was comparable to that in younger diabetes co-
horts, arguing against a marked age-driven intolerance
signal.'* > 7 Older patients may face greater constipa-
tion, dehydration, electrolyte disturbance, polypharmacy
risks, and higher discontinuation, supporting lower start-
ing doses and slower titration. Younger adults generally
tolerate therapy well, while pediatric and adolescent use
is increasing, with limited evidence regarding GIAEs in
this group.'® >

4.4 Sex-Related Differences

Female patients experience higher rates of GLP-1
RA- associated GIAEs, especially nausea, vomiting, ab-
dominal pain, and constipation, likely due to sex hor-
mone effects on motility, slower gastric emptying, viscer-
al sensitivity, symptom reporting, and pharmacokinetic
differences.” '” Sex-based dose adjustment is not recom-
mended, but slower titration and symptom management
are important. Sex composition also confounds cross-trial
comparisons in Table 1: the obesity trials enrolled pre-
dominantly women (74-78% in the STEP program),
whereas SELECT (72% male) and the cardiovascular
outcome trials enrolled predominantly men. Part of the
apparent indication-related gradient in GIAEs therefore
reflects differences in population sex distribution, in ad-
dition to differences in GLP-1 RA dose.®> 7" 80106

4.5 Other Comorbidities

Comorbidities and polypharmacy substantially affect
GLP-1 RA tolerability. CKD generally does not require
dose adjustment, and the FLOW trial provides direct
reassurance: in patients with T2DM and CKD (mean
e¢GFR 47 mL/min/1.73 m?), gastrointestinal related drug

discontinuation was 4.5% versus 1.1% with placebo, and
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overall discontinuation due to adverse events was only
marginally higher than placebo (13.2% vs 11.9%) over
a median 3.4 years (Table 1). The principal concern is
vulnerability to dehydration, acute kidney injury, and
electrolyte disturbance when vomiting or diarrhea does
occur, warranting a lower threshold for laboratory reas-
sessment and temporary dose interruption in this popula-
tion.'* In patients with established cardiovascular disease,
the outcome of trials (SELECT, SOUL, SURPASS-CV-
OT, HARMONY, REWIND) demonstrate cardiovascu-
lar benefit that generally outweighs GI concerns; in SE-
LECT, despite GI events driving discontinuation in 10%
of semaglutide-treated patients versus 2% with placebo,
serious adverse events were less frequent with semaglu-
tide than placebo.®® 7% 19°-1% Concomitant cardiovascular
medications may nonetheless contribute to GI symptoms.
Hepatic impairment requires caution in advanced disease.
Metformin, opioids, anticholinergics, and other Gl-active
drugs can amplify adverse effects, supporting medication
review and individualized monitoring during therapy.

5. Management of Gastrointestinal Adverse
Events

5.1 Preventive Strategies

Patient selection, risk assessment, and screening for
pre-existing gastrointestinal disorders are essential to
identify patients at increased risk of GIAEs and to guide
individualized treatment and monitoring strategies. The
baseline assessment should include a history of gastropa-
resis, chronic nausea, severe GERD, IBS, IBD, prior
bowel obstruction or gastrointestinal surgery, and the
use of opioids or other medications that affect GI motil-
ity.” 1% In patients with suspected gastroparesis, a GES
may be considered before initiating therapy.'”

Pre-treatment counseling and expectation setting are
critical for improving treatment adherence and reducing
premature discontinuation. Patients should be informed
that GI symptoms, particularly nausea, are typically mild,
transient, and most pronounced during the first month
of therapy. They should also receive guidance on dose
escalation and dietary modifications that may help mini-
mize symptom severity.'? '

Gradual dose titration remains the most effective
strategy for preventing GIAEs. Therapy should be initiat-
ed at the lowest recommended dose, such as semaglutide
0.25 mg weekly or liraglutide 0.6 mg daily, followed by
gradual dose escalation. In patients who experience poor
tolerability, extending the duration of each titration step
may further reduce symptom burden, whereas rapid dose
escalation increases the risk of GIAEs and treatment dis-
continuation.
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5.2 Non-Pharmacological Interventions

Dietary modifications are the cornerstone of non-phar-
macological management and can effectively reduce
nausea, early satiety, abdominal discomfort, and bowel
symptoms. Patients should be encouraged to consume
small, frequent, low-fat meals, eat slowly, avoid foods
that trigger symptoms, maintain adequate hydration,
gradually increase dietary fiber to manage constipation,
and consider temporary fiber reduction or a low-FOD-
MAP diet if diarrhea predominates.'"!

Adjusting meal timing and injection schedules may
also improve tolerability, particularly by administering
short-acting GLP-1 RA 30-60 minutes before meals or
switching long-acting agents to bedtime in patients with
significant nausea.''" 2

Adequate hydration is especially important for indi-
viduals with vomiting or diarrhea and can be maintained
through frequent small sips of fluids, clear liquids during
severe nausea, oral rehydration solutions when needed.
Excessive caffeine and alcohol intake should also be
limited.!'" 113

Lifestyle measures further complement symptom
management and include walking after meals, avoid-
ing recumbency immediately after eating, elevating
the head of the bed in patients with GERD, wearing
loose-fitting clothing, practicing stress-reduction tech-
niques, and maintaining a symptom diary to identify
potential triggers.'"!

5.3 Pharmacological Therapy

GIAE:s are the most common cause of GLP-1 RA intol-
erance, affecting 28%-91% of patients. In the absence of

indications for treatment discontinuation, symptoms are
best managed through gradual dose titration and dietary
and lifestyle modification. Targeted pharmacological the-
rapy should be considered when non-pharmacological in-
terventions are insufficient to control symptoms.* 77 12
Pharmacotherapy is reserved for patients without an indi-
cation for discontinuation, in whom alternative etiologies
have been excluded and non-pharmacological measures
have failed. For nauseaand vomiting, ondansetron (4-8 mg
orally two to three times daily) is preferred; headache,
constipation, and QT prolongation are the principal
concerns. Metoclopramide (5-10 mg orally before meals
and at bedtime) should be reserved for objectively DGE
and limited to 12 weeks given the risk of tardive dys-
kinesia. Prochlorperazine is an alternative, with sedation
and extrapyramidal effects. Diarrhea is treated with lop-
eramide (2-4 mg after each loose stool, maximum 16 mg/
day) and, when bile acid malabsorption is suspected, with
sequestrants, administered at least 4 hours apart from oral
semaglutide.® °> 19 112 Constipation responds to soluble
fiber, polyethylene glycol 17 g daily, or magnesium salts
(should be avoided in CKD). Stimulant laxatives and
secretagogues are reserved for refractory cases. No phar-
macotherapy is established for abdominal pain.®- %> 108 114

5.4 When to Stop GLP-1 RA Therapy and Refer to
Gastroenterology or a Motility Specialist

GLP-1 RA should be discontinued in patients with
severe or persistent gastrointestinal symptoms, suspected
pancreatitis, significant gallbladder disease, or DGE that

increases aspiration risk, especially in the perioperative
setting (Table 2).9 110, 114-115

Table 2. Serious Gastrointestinal Adverse Events During GLP-1 RA Therapy. Recommended Action

Event

Recommended Action

Acute pancreatitis*

Discontinue; rechallenge not recommended

Confirmed gastroparesis (compatible symptoms + objectively DGE +
obstruction excluded)

Discontinue; reassess motility after washout, as reversibility is incompletely
defined

Bowel obstruction or ileus

Discontinue; surgical evaluation as indicated

Nausea/recurrent vomiting with volume depletion, acute kidney injury,
or need for nutritional support

Interrupt; resume at lower dose only if symptoms fully resolve and no
alternative cause is found

Severe constipation with fecal impaction

Interrupt; disimpaction and defecatory-disorder workup before considering
resumption

Severe diarrhea with dehydration or electrolyte disturbance

Interrupt; exclude alternative causes before considering resumption

Acute cholecystitis or symptomatic cholelithiasis

Interrupt and treat biliary disease; resumption individualized

Intractable GI symptoms despite dose reduction and symptom-directed
therapy

Discontinue; consider alternative agent or class

*An association between GLP-1 RA and pancreatitis remains debated; discontinuation is nonetheless standard practice pending evaluation.
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Referral to a gastroenterologist or motility specialist
should be considered in patients with suspected gastropa-
resis, particularly when nausea, vomiting, early satiety,
or postprandial fullness persist despite discontinuation
of GLP-1 RA therapy, when symptoms lead to signifi-
cant nutritional compromise, or when food retention is
identified on endoscopy.'® !> Referral is also indicated
for refractory GI symptoms that fail to improve despite
dietary modification, slower dose titration, pharmaco-
logical therapy, or temporary drug discontinuation. Pa-
tients with medically refractory gastroparesis, defined by
persistent symptoms and objectively documented DGE
despite optimized antiemetic and prokinetic treatment,
should be managed at specialized centers for multidisci-
pllnal’y Care.109 - 110, 114 - 115

If food retention has progressed to a bezoar, endo-
scopic fragmentation with or without dissolution therapy
remains first-line treatment. Intravenous erythromycin
(3 mg/kg or 250 mg) or azithromycin (250 mg), both
motilin receptor agonists, may be used adjunctively to
stimulate antral contractility and promote clearance.
Supporting data are limited to case reports and small se-
ries. QT prolongation warrants attention, and tachyphy-
laxis limits repeated administration.'”

Finally, patients requiring specialized motility test-
ing, including GES, antroduodenal manometry, wireless
motility capsule, or whole-gut transit studies, should be
referred to tertiary motility centers.

6. Future Directions and Research Gaps

Expert consensus converges on three axes that define
the next phase of GLP-1 RA development: expansion
into non-glycemic, non-weight indications; higher-po-
tency multi-agonist molecules (dual GIP/GLP-1, GLP-1
—glucagon, GLP-l-amylin, triple GIP/GLP-1—gluca-
gon); and oral small-molecule formulations to improve
access and convenience. All three increase either the
number of patients exposed or the intensity of receptor
activation, with direct implications for gastrointestinal
tolerability.?> 97 116

Formulations and receptor engineering. Oral sema-
glutide produces GIAEs rates comparable to injectable
formulations, suggesting that systemic receptor activa-
tion, rather than route of administration, drives symp-
toms. Modified-release, ultra-long-acting, and target-
ed-delivery systems remain plausible strategies, but none
has yet reduced GIAEs. Multi-agonist molecules may
compound GE through additive effects on gastric emp-
tying and visceral sensation; however, dedicated motility
endpoints are largely absent from these programs.?? -

Expanding indications. Weight-independent ben-
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efits are documented in SELECT (cardiovascular), ES-
SENCE (liver), and STRIDE (peripheral artery disease),
raising the question of whether optimal doses for these
outcomes differ from those established for T2DM and
obesity, a difference that could substantially alter the
GIAEs profile. Results in neurodegeneration are mixed:
EVOKE showed no effect on progression despite favor-
able observational signals, while trials in Parkinson dis-
ease yielded inconsistent results.'> 1% 17 - 118 In alcohol
use disorder, Swedish registry data involving more than
227,000 individuals showed lower hospitalization with
semaglutide (HR 0.64) and liraglutide (HR 0.72). More
than 12 trials are currently ongoing.'”

Adherence as the limiting factor. Discontinuation
reaches 46.5% within 12 months in patients with T2DM
and 64.8% in those without. Since GI intolerance is
among the most cited reasons for therapy discontinua-
tion, mitigating these symptoms may contribute as much
to real-world outcomes as further gains in therapeutic po-
tency'IZO -121

Predictive biomarkers. Identifying patients at risk
of GI intolerance before treatment initiation would al-
low individualized titration and prophylaxis. Candidate
predictors include GLPI receptor variants, baseline gastric
emptying, microbiome signatures, and machine-learn-
ing-based pharmacogenomic models, all of which require
prospective validation with standardized motility end-
points.”> 1!

7. Conclusion

Gastrointestinal adverse events are the dominant tol-
erability limitation of GLP-1 receptor agonist therapy
and one of the leading drug-related reasons for treatment
discontinuation. They arise from a dual peripheral-cen-
tral mechanism: peripheral GLP-1 receptor activation
delays gastric and small intestinal transit, while receptor
activation at the area postrema and NTS drives nausea
and emesis. There have been no RCT to compare use of
antiemetics with prokinetics for nausea and emesis. The
fact that there are no safe prokinetics is probably a pivotal
reason why these GIAEs are managed predominantly by
antiemetics.

Across clinical trials, nausea, vomiting, diarrhea,
constipation, and abdominal pain follow a consistent
dose- and indication-dependent gradient, with the great-
est burden observed in higher-dose regimens for obesi-
ty and MASH and with multi-agonist molecules. Most
symptoms are mild, emerge during dose escalation, and
attenuate with continued exposure. However, symptoms
persist in a clinically important minority of patients, and
a smaller subset develops symptomatic gastroparesis.
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Management therefore rests on anticipation rath-
er than rescue: baseline screening for pre-existing mo-
tility and functional gastrointestinal disorders, explicit
pre-treatment counseling, initiation at the lowest effec-
tive dose with gradual titration, and dietary and lifestyle
measures before pharmacotherapy. Clinicians should
also recognize the limited set of presentations -suspect-
ed pancreatitis, significant gallbladder disease, refractory
symptoms, nutritional compromise, and periprocedural
aspiration risk- that warrant discontinuation or subspe-
cialty referral.

As this class expands into non-glycemic indications
and higher-potency multi-agonists enter routine practice,
both the number of exposed patients and the intensity of
receptor activation will increase. The most pressing needs
are prospective trials that incorporate standardized and
validated motility measurements and endpoints, validat-
ed predictive biomarkers of gastrointestinal intolerance,
and evidence-based management algorithms to replace
the expert consensus on which current recommendations

largely depend.
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