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Abstract: Background: Liraglutide, a glucagon-like peptide-1 receptor agonist (GLP-1 RA), hds “preclimical anti-
inflammatory and barrier-protective effects, but its safety profile and potential favorable reporting assogiations in ulcerative
colitis (UC) remain uncertain. Objectives: To characterize liraglutide-associated reports in patientsywith UE and explore
biological pathways that may contextualize the observed pharmacovigilance signals. Methods: Reports submitted to the
U.S. Food and Drug Administration Adverse Event Reporting System (FAERS) from Januarydl, 2043, to December 31,
2025, were analyzed in which liraglutide was recorded as the primary suspected grug and“UC as the indication.
Disproportionality was assessed using the reporting odds ratio (ROR), propetfional reéporting ratio (PRR), Bayesian
confidence propagation neural network (BCPNN) and multi-item gamima Poisson Sshtinker (MGPS). Network
pharmacology identified shared targets, constructed a protein-protein intefaction petwork and performed Gene Ontology
and Kyoto Encyclopedia of Genes and Genomes enrichment analyses. ResultsAmong 5,903 unique cases and 28,607
preferred-term event entries, the most frequent categories were general disorders”and administration-site conditions,
gastrointestinal disorders, injury or medication-related complications, infections and investigations. The term “condition
aggravated” was reported in 1,512 cases. Medication management, metabolic, infectious, neuropsychiatric and
gastrointestinal signals were also detected. Herpes zoster was repgrted in'154.cases and pneumonia-related reports included
eight fatal outcomes, although concomitant immunosuppressive therapy substantially limited attribution. The reporter-
coded term “pre-existing condition improved” occurred in/38,cases\(ROR 25.63; 95% confidence interval 16.48-39.85)
and was interpreted only as an exploratory favorable reporting asseciation. Network pharmacology identified 84 shared
candidate targets and prioritized 10 hub genes. Enriched pathways included phosphoinositide 3-kinase/protein kinase B,
tumor necrosis factor and Janus kinase/signal tran§@cer and activator of transcription signaling. Conclusion: FAERS
findings generated safety and favorable-reporting/ypotheses but did not establish incidence, causality, or therapeutic
efficacy. The predicted pathways provide biological’ context only and require confirmation in comparator-based
longitudinal studies, prospective clinical investigations and targeted experimental models.
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therefore warrant

INTRODUCTION systemic  immunosuppression
investigation.

Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) charactetized by relapsing inflammation of
the coldfiiegmucosa and” an increasing global healthcare

burden (Zhou et @lyy2026; Danese et al., 2024). Current

Liraglutide is a glucagon-like peptide-1 (GLP-1) receptor
agonist (GLP-1 RA) established for the treatment of type 2
diabetes and obesity (Migliorisi et al., 2025). GLP-1
receptors are also expressed in the gastrointestinal tract and

treatment\corhmonly progresses from aminosalicylates and
corticostergids to immunomodulators, biologics and
targeted smatl molecules, including Janus kinase (JAK)
inhibitors “such as tofacitinib. Despite these options,
primary nonresponse, secondary loss of response,
treatment burden and infection risk remain important
clinical limitations (Vootukuru and Vasudevan, 2024;
Chanchlani et al., 2024). Additional or adjunctive
approaches that modulate inflammation and support
mucosal barrier function without adding substantial

*Corresponding author: yashiozyc@163.com
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in immune-cell populations relevant to intestinal
homeostasis (Colwill et al., 2025). Experimental evidence
suggests that GLP-1 receptor activation may reduce pro-
inflammatory mediators, including tumor necrosis factor-o
(TNF-a), interleukin-1p (IL-1B) and interleukin-6 (IL-6);
support epithelial survival and repair; regulate tight-
junction and barrier-protective pathways; and influence the
intestinal microbiota (Wang et al., 2023; Colwill et al.,
2025). These interconnected anti-inflammatory and
barrier-protective effects provide a biological rationale for
exploring liraglutide in UC, while its clinical benefit
remains unconfirmed.

Pak. J. Pharm. Sci., Vol.----, No.0, ---------- 20----, pp-000-00



Safety profile and potential favorable reporting signals of liraglutide in patients with ulcerative colitis: A FAERS pharmacovigilance

Among the clinically available GLP-1 receptor agonists,
liraglutide was selected for a drug-specific and hypothesis-
generating evaluation rather than because it has been
demonstrated to be superior to other agents in ulcerative
colitis. Liraglutide is an acylated human GLP-1 analogue
with 97% sequence homology to endogenous GLP-1. Its
C16 fatty-acid modification promotes reversible albumin
binding and resistance to enzymatic degradation, resulting
in a plasma half-life of approximately 13 hours and stable
once-daily exposure (Knudsen, 2019). Importantly,
liraglutide has compound-specific preclinical evidence
relevant to UC pathophysiology. In a T-cell-driven
adoptive transfer colitis model, liraglutide improved
disease activity and attenuated colonic expression of
inflammatory cytokines and chemokines, while GLP-1
signaling was associated with barrier-protective gene
expression in the gastrointestinal tract (Bang-Berthelsen et
al.,2016). In dextran sulfate sodium (DSS)-induced colitis,
liraglutide enhanced the microbiota-dependent response of
interleukin-22 (IL-22)-producing group 3 innate lymphoid
cells (ILC3s), a pathway implicated in epithelial repair and
barrier maintenance (Sun et al., 2024). More recently,
liraglutide improved disease activity, colonic shortening,
histopathological injury and Paneth-cell metaplasia in
DSS-induced colitis, potentially through enhanced colonic
autophagic flux (Saadoun et al., 2025). Liraglutide has alsg
been reported to reduce gut permeability in an
experimental rat model of lipopolysaccharide-induced
intestinal injury (Nozu et al., 2018). Together with its
relatively mature post-marketing history and the
availability of a substantial number of UC-asSeciated
reports in the U.S. Food and Drug Administration Xdverse
Event Reporting System (FAERS), these'data supported’its
selection for the present drug-specific pharmacovigilance
analysis. Nevertheless, no head-to-headyclinicalyevidence
has established that liraglutide is superior to other GLP-1
receptor agonists for UC§{"therefote, theipresent study
should not be interpreted as @ eomparative or class-wide
efficacy assessment.

Liraglutide is therefofe’a biglegically plausible candidate
for exploratory U@sspecific pharmacovigilance analysis;
however, it is not an“established therapy for UC and its
potential Sggbenefit  remains  hypothesis-generating.
Nevertheless, therépfemains a lack of large-scale, real-
world safety and effectiveness assessments for this
populationy Although randomized controlled trials (RCTs)
can provide important safety data, they are often limited by
strict inclusion criteria, small sample sizes and short
follow-up periods (Lv et al., 2025). Therefore, RCTs often
exclude patients with complex diseases, which may not
reflect the real-world clinical situation, making it difficult
to capture rare adverse reactions or identify complex drug
interactions (Yukselen et al., 2024). To address this
shortcoming, FAERS plays a key role in post-market
monitoring (Lv et al., 2025). FAERS contains spontaneous
reports of adverse events (AEs) and supports the detection

of potential safety signals (Lv et al., 2025; Jia et al., 2025;
Luo et al., 2025b). In addition, exploratory analyses of
reporter-coded favorable event terms in FAERS may
generate hypotheses for potential drug repurposing;
however, such findings do not constitute evidence of
therapeutic efficacy. This provides a unique advantage for
a comprehensive assessment of the clinical impact of drugs
in the real world (Huoshen et al., 2026).

FAERS is useful for detecting disproportionatéreporting
patterns but cannot establish the molecular bgsis ofiadrug-
event association. Network pharmaeelogy) can
complement pharmacovigilance by gmapping™pfedicted
drug targets to disease networks and idefitifying candidate
biological processes for experimefitat folow<up (Cheng et
al., 2025; Luo et al., 2025a)f A clinical-to-mechanistic
triangulation strategy wasgtheteforeqadopted: safety and
reporter-coded favorabléyassociations were characterized
using FAERS gafdYexploratory biological context was
provided thréugh network pharmacology. This approach
does not “convert/a reporting signal into evidence of
efficacy or mechanism.

Accomdingly, this study aimed to characterize adverse-
eyent reporting associations and reporter-coded favorable
associations in FAERS reports in which liraglutide was the
primary”suspected drug and UC was the indication;
examine clinically important co-medication patterns; and
use network pharmacology to explore candidate targets and
pathways that may contextualize the observed reporting
patterns. All analyses were designed to generate
pharmacovigilance and mechanistic hypotheses rather than
to demonstrate therapeutic efficacy or causality.

MATERIALS AND METHODS

Data sources

This study integrated FAERS pharmacovigilance data with
public network-pharmacology resources. FAERS reports
submitted from January 1%, 2013, through December 31st,
2025, were retrieved using a targeted case-level strategy.
Drug and indication records were linked within each report
and cases were retained when liraglutide was coded as the
primary suspected drug and ulcerative colitis was recorded
as the indication. Reports were analyzed irrespective of
whether type 2 diabetes, obesity, or metabolic syndrome
was also reported because comorbidity information in
FAERS is incomplete and non-standardized. Adverse
events were standardized using the Medical Dictionary for
Regulatory Activities (MedDRA, version 29.0) and
summarized by preferred term (PT) and system organ class
(SOCQ). For network pharmacology, the liraglutide structure
was obtained from PubChem; candidate drug targets were
predicted using the Similarity Ensemble Approach (SEA)
and PharmMapper; UC-associated targets were retrieved
from GeneCards, Online Mendelian Inheritance in Man
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(OMIM) and the Therapeutic Target Database (TTD); and
protein interactions were obtained from the Search Tool for
the Retrieval of Interacting Genes/Proteins (STRING). The
overall study workflow is presented in Fig. S1.

Pharmacovigilance signal detection

Disproportionality analysis was performed within a
pharmacovigilance framework to assess reporting
associations between liraglutide and adverse events or
favorable disease-related terms. A 2 X 2 contingency table
was used to compare the reporting frequency of each event
for liraglutide with that for all other drugs in FAERS (Table
S1). Four established disproportionality approaches were
applied, including the reporting odds ratio (ROR),
proportional reporting ratio (PRR), Bayesian confidence
propagation neural network (BCPNN) and multi-item
gamma Poisson shrinker (MGPS). For ROR, a signal was
defined as at least three reports with the lower bound of the
two-sided 95% confidence interval (CI) exceeding 1. For
PRR, a signal required at least 3 reports, PRR > 2 and > >
4. For BCPNN, a signal was defined as a lower 2.5th
percentile of the information component (IC), denoted
1C025, greater than 0. For MGPS, a signal was defined as
a lower 5th percentile of the empirical Bayes geometric
mean (EBGM), denoted EBOS, greater than 2. IC025 and
EBOS are posterior lower-bound measures conventionally
used in Bayesian disproportionality analysis (Table S2). @&
reporting signal was retained only if the prespecified
threshold was met for all four algorithms. Agreement
across these correlated methods was not interpreted as
independent validation or evidence of causality. Theyunit
of analysis for disproportionality testing was the fndividual
FAERS case report. For each drug—P T pair, each unigune
case was counted once after removal of duplicate‘records
for the same PT within the same case. A singléicase could
contribute to multiple PT-specific apalyses when multiple
distinct events were reported. In gentrast,/SOC- and PT-
level event counts were used for desémiptive analyses and
therefore may exceed the total number of unique cases. In
addition to conventional safety-signal detection, an
exploratory assessment “Of, tdeporter-coded favorable
discase-related PTspwas performed. This analysis was
motivated by phatmagevigilance-based drug repurposing
(Bohm egal., 2021), although disproportionate reporting of
a favorable“PTdiffers from the inverse adverse-event
signals examfined jin that study ( Bohm et al., 2021).
However, \this approach was not designed to estimate
clinical efficacy. In the present study, a favorable term,
such as “pfre-existing condition improved,” denotes the
reporter’s coded observation within an individual case
safety report rather than a validated clinical endpoint.
Accordingly, disproportionality measures quantify
disproportionate reporting within FAERS and do not
estimate remission rates, mucosal healing, comparative
effectiveness, incidence, or causal treatment effects
(Wisniewski ef al., 2016; Cutroneo et al., 2024; Fusaroli et
al., 2026). Therefore, all favorable reporting signals were
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interpreted as exploratory and hypothesis-generating only.
The preferred term “pre-existing condition improved” was
analyzed as a reporter-coded favorable disease-related term
for exploratory hypothesis generation, rather than as a
validated surrogate of therapeutic efficacy. Inverse
pharmacovigilance approaches may help identify
repurposing hypotheses from spontaneous-reporting
databases; however, disproportionality estimates do not
establish clinical benefit, causality, remission, or mucosal
healing (Bohm et al., 2021; Cutroneo et al., 2024). Data
extraction, processing and signal calculationsy were
performed using R software (version 4.3.0; R*Foungdation
for Statistical Computing, Vienna, Austria).

Acquisition of the liraglutide structure and prediction of
associated targets

The simplified molecularimput Adine-entry system
(SMILES) string and two-dimensignal molecular structure
of liraglutide weregebtained from PubChem. The SMILES
string was submitted to thedSEA database and the two-
dimensionafistiucture was submitted to PharmMapper to
predict potential Biological targets. Predicted targets from
both sources ‘Wese” standardized, integrated and
deduplicated to genmerate the liraglutide-associated target
set.

Identification of disease-associated targets for UC
Disease-associated targets for ulcerative colitis (UC) were
retrieyed from three databases, including GeneCards,
Online Mendelian Inheritance in Man (OMIM) and the
Therapeutic Target Database (TTD), using “ulcerative
colitis” and “UC” as search terms. To increase selection
stringency, only GeneCards targets with a disease
relevance score greater than 5 were retained. Subsequently,
the overlapping targets shared by drugs and diseases were
identified using Venny 2.1.0 (Oliveros, 2015).

GeneCards assigns a disease relevance score by integrating
and weighting evidence from multiple gene—disease
association resources. . Because no universally accepted
cutoff exists for GeneCards relevance scores across
different diseases, a pragmatic stringency threshold of >5
was applied to reduce low-ranked, weakly supported
associations while retaining a sufficiently broad UC-
related target set for exploratory analysis. The potential
influence of this empirical threshold on target selection was
acknowledged as a limitation (Safran et al., 2021).

Protein-protein interaction network construction and
core target screening

The shared candidate targets were submitted to STRING to
construct a protein-protein interaction (PPI) network. The
organism was restricted to Homo sapiens and the minimum
interaction score was set to 0.4. PPI construction was used
to examine predicted functional connectivity, identify
highly connected candidate nodes and distinguish
network-level hypotheses for further study; it was not used
to demonstrate direct liraglutide binding or validated target
engagement.
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Table 1: Clinical characteristics of liraglutide-associated reports in the UC subgroup from the FAERS database.

Characteristics Case number, n Case proportion, %
Sex
Female 2756 46.7%
Male 2882 48.8%
Missing 265 4.5%
Weight
<50kg 59 1.0%
> 100 kg 129 2.2%
50~100 kg 890 15.1%
Missing 4825 81.7%
Age
< 18 years 71 1.2%
18 - 64.9 years 4252 72.0%
65 - 85 years 966 16.4%
> 85 years 25 0.4%
Missing 589 10.0%
Outcome
Congenital Anomaly 3
Death 128
Disability 21
Hospitalization 822
Life-Threatening 76
Other 4853 82.2%
Reporting year
2013 1 o 0.0%
2014 9 0.2%
2015 11 0.2%
2016 9 0.2%
2017 15 0.3%
2018 118 2.0%
2019 2 9.9%
2020 16.4%
2021 87 14.8%
2022 1249 21.2%
2023 @ 15.9%
2024 7 10.6%
2025 501 8.5%
Reporting country
United States 4061 68.8%
Canada 1081 18.3%
226 3.8%
106 1.8%
59 1.0%
370 6.3%

and CytoNCA was used to calculate degree, betweenness
and closeness centrality. Nodes that exceeded the median
across all three measures were prioritized as candidate
hubs.

Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes enrichment analyses

Gene Ontology (GO) functional enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment were performed in R (version 4.3.0) using
clusterProfiler, enrichplot, ggplot2 and org.Hs.eg.db. GO

results were evaluated across biological process, cellular
component and molecular function categories. Multiple-
testing correction used the false discovery rate (FDR) and
an adjusted p value <0.05 was considered statistically
significant. ~ Enrichment results were interpreted as
exploratory associations derived from predicted targets
rather than as experimentally confirmed mechanisms of
liraglutide.

Statistical analysis
FAERS characteristics were summarized descriptively.
Continuous variables were reported as medians with
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interquartile ranges and categorical  variables were
reported as frequencies and percentages. Missing
demographic values were not imputed; they were retained
as a separate category and percentages were calculated
using all included reports as the denominator. Cases with
missing demographic information were retained in the
disproportionality analyses because they were based on
drug-event reporting counts rather than on covariate-
adjusted models. No weight-stratified inference was
performed because body weight was missing in 81.7% of
reports. GO and KEGG results were corrected for multiple
testing using the FDR, with adjusted p-values <0.05
considered significant. Analyses and visualizations were
performed using R (version 4.3.0) and GraphPad Prism
(version 10.6.0).

RESULTS

Descriptive analysis

From 2013 through 2025, 5,903 unique FAERS case
reports met the inclusion criteria: liraglutide was recorded
as the primary suspected drug and UC as the indication.
Signal detection used ROR, PRR, BCPNN and MGPS at
the individual case level for each drug-PT pair. Table 1 and
Figs. 1A-1E summarize reporting country, age, sex,
outcomes and annual reporting trends.

Most reports originated from the United States (68.8%),
followed by Canada (18.3%), Japan (3.8%) and the United
Kingdom (1.8%). Adults aged 18-64.9 years accounted for
72.0% (n=4,252) and patients aged 65 years0r older
accounted for 16.8% (n=991). There gwere 2,882 male
reports (48.8%) and 2,756 female repOrtsi(46.7%)B0dy
weight was missing in 81.7% of cases. “Qther serious”
outcomes accounted for 82.2%, while hospitalization,
death and life-threatening outcormjes weifie reported in
13.9% (n=822), 2.2% ‘Mm=128)hand £1.3% (n=76),
respectively. Reporting peaked in 2022%(n=1,249; 21.2%;
Fig 1E). The reportedytime-to<onset distributions are
presented in figure 2A;“these are descriptive reporting
distributions rather, fthan cstimates of population-level
cumulative incidere@aConcomitant UC therapies included
tofacitinib, prednisons8((}2.3%, n=727) and mesalazine
(6.6%, \n=388), underscoring the potential for co-
medication confounding.

AE signals\at the SOC level

The 5,903 pmique cases contained 28,607 PT-level event
entries, as a single case could include multiple distinct
events. These entries mapped to 27 SOC categories. The
five most frequently reported categories were general
disorders and administration-site conditions (23.00%,
n=6,580), gastrointestinal disorders (20.05%, n=5,737),
injury, poisoning and procedural complications (10.96%,
n=3,135), infections and infestations (7.44%, n=2,129) and
investigations (6.51%, n=1,861) (Table 2; Fig. 2B).
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Less frequently reported categories included cardiac
disorders (0.85%, n=242), blood and lymphatic system
disorders (0.77%, n=219) and immune system disorders
(0.72%, n=205). Endocrine disorders,
pregnancy/puerperium/perinatal conditions and
congenital/familial/genetic disorders each accounted for
0.07% or less of PT-level entries. These descriptive
proportions do not indicate incidence or causality and the
infection category is particularly susceptible to
confounding by corticosteroids, JAK inhibitorsfbiologics,
underlying UC activity and treatment selectign.

AE signals at the PT level

At the PT level, 30 terms met afl feuf@prespecified
disproportionality criteria (Table,, 3). These terms
represented several clinically distinet gioups: disease status
terms, medication management4And administration errors,
metabolic laboratory abmnormalifi€s;, infectious events,
neuropsychiatric gsymptoms, gastrointestinal symptoms
and one repogter-coded faverable disease-related term. At
the PT levely “condition /aggravated” was the most
frequently reported term (n=1,512) and met «all four
prespecified critefiahy(ROR 3.56; 95% CI 3.37-3.76; PRR
3.43; EBGM 3.16; IC 1.66). Twelve reports coded with this
termghad a fatal outcome. Because UC has a relapsing-
remitting eourse and FAERS lacks standardized baseline
disease activity and treatment timing information, this
association cannot be interpreted as evidence that
licaglutide caused worsening of disease.

Medication-management terms were reported with high
frequency and disproportionately. “Product dose omission
in error” occurred in 319 cases (ROR 178.16; 95% CI
132.20-240.10) and “intentional product misuse” occurred
in 207 cases (ROR 22.40; 95% CI 18.64-26.91). Additional
terms included product dose omission, intentional dose
omission, prescribed overdose, prescribing error and
dispensing error. These reports may reflect administration
problems, adherence barriers, polypharmacy, or treatment
complexity rather than direct pharmacological toxicity.

Metabolic, infectious, neuropsychiatric and
gastrointestinal terms were also identified. Increased blood
cholesterol was reported in 245 cases (ROR 10.59; 95% CI
9.14-12.27) and increased blood triglycerides were
reported in 29 cases (ROR 12.15; 95% CI 7.85-18.80).
Herpes zoster was reported in 154 cases (ROR 3.14; 95%
CI 2.66-3.71) and pneumonia-related reports included
eight fatal outcomes. Sleep disorder (n=163), memory
impairment (n=158) and depressed mood (n=113) were the
main neuropsychiatric terms. Gastrointestinal terms
included bowel movement irregularity (n=113) and the
MedDRA PT “abnormal faeces” (n=65). These symptoms
overlap with UC manifestations, recognized
gastrointestinal effects of GLP-1 RA and concomitant
therapies; therefore, drug-specific attribution is not
possible.
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Fig. 1: Clinical characteristics and temporal trends of liraglutide-associated reports in the UC subgroup from the FAERS
database. (A) Reporting country; (B) Age distribution; (C) Sex distribution; (D) Reported outcomes; (E) Annual numbers
of included case reports from 2013 to 2025. Percentages in panels A and C were calculated using all 5,903 included reports
as the denominator. Panels B, D and E show the number of reports.
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Table 2: Distribution of AE signals (SOC) of liraglutide in various system organ categories.

S.No,n SOC Case number, n  Case proportion, %
1 General disorders and administration site conditions 6580 23.00%
2 Gastrointestinal disorders 5737 20.05%
3 Injury, poisoning and procedural complications 3135 10.96%
4 Infections and infestations 2129 7.44%
5 Investigations 1861 6.51%
6 Nervous system disorders 1556 5.44%
7 Musculoskeletal and connective tissue disorders 1248 4.36%
8 Psychiatric disorders 1143 4.00%
9 Skin and subcutaneous tissue disorders 1063 3.72%
10 Respiratory, thoracic and mediastinal disorders 925 3.23%
11 Vascular disorders 560 1.96%
12 Neoplasms benign, malignant and unspecified (incl cysts and 367 1.28%
polyps)

13 Surgical and medical procedures 313 1109%
14 Metabolism and nutrition disorders 274 0.96%
15 Renal and urinary disorders 270 0.94%
16 Eye disorders 252 0.88%
17 Cardiac disorders 242 0.85%
18 Blood and lymphatic system disorders 219 0.77%
19 Immune system disorders 205 0.72%
20 Social circumstances 153 0.53%
21 Hepatobiliary disorders 114 0.40%
22 Ear and labyrinth disorders 114 0.40%
23 Reproductive system and breast disorders 85 0.30%
24 Endocrine disorders 20 0.07%
25 Pregnancy, puerperium and perinatal conditions 20 0.07%
26 Congenital, familial and genetic disorders 15 0.05%
27 Product issues 7 0.02%

The reporter-coded PT “pre-existing condition impfoved”
was reported in 38 cases and met the“disproportionality
criteria (ROR 25.63; 95% CI 16.48-39.855\PRR"25.60;
EBGM 13.76; IC 3.78). This is an exploratoryafavorable
reporting association, not a validated efficacy endpoint.
FAERS does not containf’standatdized disease-activity
scores, endoscopic outCemes, mucosal-healing
assessments, steroid-fiee, remission, or longitudinal
treatment response. Thehterm may reflect subjective
reporting, spontanegus fldetuation, concomitant UC
treatment, nonspecific improvement, or reporting practice.

Identification of intersecting targets and PPI network
analysis

After integpdtion ) ’and deduplication, 280 predicted
liraglutidesassociated targets and 1,118 UC-associated
targets wetesidentified. Their intersection contained 84
shared candidate targets. The overlap count is reported in
the text and the original Venn diagram was removed
because it did not add essential information. These shared
targets were carried forward for PPI and enrichment
analyses; they should not be interpreted as confirmed
therapeutic targets or direct drug-disease interactions. The
STRING-derived PPI network contained 84 candidate
nodes and their predicted functional associations (Fig. 3A).
CytoNCA analysis prioritized 10 highly connected

candidate hubs: TNF (tumor necrosis factor), IL6
(interleukin-6), IL1B (interleukin-1 beta), ALB (albumin),
AKTI1 (AKT serine/threonine kinase 1), INS (insulin),
TP53  (tumor protein  p53), MMP9  (matrix
metallopeptidase 9), TLR4 (Toll-like receptor 4) and
STAT3 (signal transducer and activator of transcription 3)
(Fig. 3B). Gene symbols are used for network nodes,
whereas protein names are used when discussing biological
functions. These genes are established regulators of
inflammation, metabolism and barrier biology. Their
network centrality supports prioritization for further study
but does not demonstrate direct liraglutide binding, UC
specificity, or a validated therapeutic mechanism.

GO functional and KEGG pathway enrichment analyses
GO functional enrichment and KEGG pathway enrichment
were performed for the 84 shared candidate targets. GO
enrichment was observed in the biological process, cellular
component and molecular function categories (Figs. 4A
and 4B). Prominent biological-process terms included
inflammatory-response  regulation,  responses  to
lipopolysaccharide and regulation of interleukin signaling.
Cellular-component terms included vesicle lumen and
membrane microdomains, whereas molecular-function
terms included cytokine-receptor binding, G-protein-
coupled receptor binding and protein-kinase regulatory

Pak. J. Pharm. Sci., Vol.----, No.0, ---------- 20----, pp-000-00

7



Safety profile and potential favorable reporting signals of liraglutide in patients with ulcerative colitis: A FAERS pharmacovigilance

A

1.00 1

Cumulative incidence

ABNORMAL FAECES

ACNE

BLOOD CHOLESTEROL INCREASED
BLOOD TRIGLYCERIDES INCREASED
BOWEL MOVEMENT IRREGULARITY
CONDITION AGGRAVATED

INTENTIONAL DOSE OMISSION
INTENTIONAL PRODUCT MISUSE
MEMORY IMPAIRMENT

MICTURITION URGENCY

MIDDLE INSOMNIA

PRE-EXISTING CONDITION IMPROVED

UL e |

DEPRESSED MOOD PRODUCT DISPENSING ERROR
DISCOURAGEMENT PRODUCT DOSE OMISSION IN ERROR

DISEASE RECURRENCE PRODUCT DOSE OMISSION ISSUE
HAEMATOCRIT DECREASED PRODUCT PRESCRIBING ERROR

HERPES ZOSTER SLEEP DISORDER

HYPOACUSIS THERAPEUTIC PRODUCT EFFECT INCOMPLETE
ILLNESS THERAPEUTIC RESPONSE UNEXPECTED

IMMUNE SYSTEM DISORDER

0 500 1000 1500 2000
days
B 'GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS 6580
GASTROINTESTINAL DISORDERS 7
INJURY, POISONING AND PROCEDURAL COMPLICATIONS 313
INFECTIONS AN 22
1851
OER 1556
MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS - I 1245
PSYCHATRIC DISORDERS I 1143
SKN AND SUBCUTANEOUS TISSUE DISORDERS I 1053
_ RESPIRATORY, THORACIC AND MEDIASTINAL DISORDERS S 525
g VASCULAR DISORDERS 500
2 NEOPLASMS BENIGN, MALIGNANT AND UNSPECIFIED (INCL CYSTS AND POLYPS). — 57 s0¢_name_en
il SURGICAL AND MEDICAL PROCEDURES — 1 [ 51000 AND LYMPHATIC SYSTEM DISORDERS m
g METABOLISM AND NUTRITION DISORDERS 2 . CARDIAC DISORDERS . NeoeL | MALIGNANT v i n
gl RENAL AND URINARY DISORDERS 270 . CONGBEDLINEIA
H B exravno LaBYRINTH DISORDERS [ PREGNANCY. PUERPERIM AND PERINATAL CONDITIONS
H EVE DISORDERS — 22 Il exoocane oisorvess 1l Froovcrissues
E CARDIAC DISORDERS: _— 22 . EYE DISORDERS . PSYCHIATRIC DISORDERS
BLOOD AND LYMPHATIC SYSTEM DISORDERS — 2 [l csTRONTESTINAL DISORDERS [ RevaLaND URINARY DISORDERS
IMMUNE SYSTEM DISORDERS -_— 5 Il coern DROROERS
ok - [ HeproBuARY DiSORDERS [ RESPRATORY, THORACIC AND MEDIASTINAL DISORDERS
O = [ noase sysTemDisoRERS [ K0 AND SUBCUTANEOUS TISSUE DISORDERS
[l wrecrions ano InFesTATIONS I socuw cirouwsTances
EARAND LABYRINTH DISORDERS { - I 1URY POSONNG ANO PROGEDURAL COVPLCATINS [l SURGICALANO MEDICAL FROGEDURES
REPRODUCTIVE SYSTEM AND BREAST DISORDERS mss B mvesticanons B wscuur oisoroeRs
PREGNANCY, PUERPERIUM ANO PERINATAL CONDITIONS 12 . METABOLISM AND NUTRITION DISORDERS
ENDOCRINE DISORDERS i
CONGENITAL, FAMILIAL AND GENETIC DISORDERS I
PRODUCT ISSUES: 7

[]

2000

4000 800

n

Fig. 2: Ti&-to-onset and distribution of adverse events associated with liraglutide. (A) Time of occurrence of adverse
events; (B) Number of SOC occurrences. Percentages in panel B are calculated using the 28,607 PT-level event entries as

the denominator.

activity. These results describe enrichment within the
predicted target set and require experimental validation.
KEGG enrichment highlighted phosphoinositide 3-
kinase/protein kinase B (PI3K-Akt), TNF and JAK/signal
transducer and activator of transcription (JAK-STAT)
signaling (Figs. 4C and 4D). These pathways are broadly

involved in epithelial survival, cytokine signaling, immune
cell activation and mucosal barrier regulation in UC and
other inflammatory disorders. Their enrichment provides
biological plausibility for further investigation but does not
establish a liraglutide-specific mechanism or prove that
liraglutide produces therapeutic benefit in UC.
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Table 3: The top 30 positive signals of liraglutide in the PT level in the COLITIS Ulcerative subgroup.

S.No.  Pathological PT ROR (95%Cl) PRR (32) EBGM IC
, report, case (EBO5) (1C025)
1. 1512 Condition aggravated 3.56 (3.37-3.76) 3.43 3.16 (2.99) 1.66 (1.58)
(2352.95)
2. 537 Product dose omission ~ 2.71 (2.48-2.97) 2.68 (520.43) 2.53(2.32) 1.34 (1.21)
issue
3. 450 Therapeutic product 4.94 (4.47-5.47) 4.88 4.3 (3.88) 2.1 (1.95)
effect incomplete (1183.78)
4. 319 Product dose omission 178.16 176.19 24.74 (18.36)
in error (132.2-240.1) (7532.94)
5. 245 Blood cholesterol 10.59 10.51 7.89 (6.8)
increased (9.14-12.27) (1528.2)
6. 218 Acne 5.35 5.31(641.26) 4.62(3.99 .21 (1.97)
(4.62-6.18)
7. 207 Intentional product 22.4 22.24 12.77 (1063) 3.67 (3.35)
misuse (18.64-26.91) (2327.4)
8. 173 Iliness 3.08 3.06 (216 (2.44) 1.51 (1.27)
(2.63-3.6)
9. 163 Sleep disorder 8.63 (7.24-10.3) 8, .69) 2.76 (2.46)
10. 158 Memory impairment 5.1 (4.3-6.05) 5.08 (4 4.45 (3.75) 2.15 (1.87)
11. 154 Herpes zoster 3.14 (2.66-3.71) 3.13 (200 2.91 (2.46) 1.54 (1.28)
12. 140 Therapeutic response 17.42 17.34 11.04 (8.93) 3.46 (3.07)
unexpected (14.09-21.52) (1324.64)
13. 113 Depressed mood 5.5 (4.49-6.74) 8 (345.97) 4.74 (3.87) 2.25(1.9)
14. 113 Bowel movement 84 @ (562.82) 6.65 (5.39) 2.73 (2.36)
irregularity (6.8-10.3
15. 65 Abnormal faeces 2.88 2.88(72.13) 2.7 (2.09) 1.43 (1.02)
(2.23-3.72)
16. 64 Intentional dose 4 6.03 (220.6) 5.13(3.91) 2.36 (1.88)
omission 16157.92)
17. 58 Prescribed ovefdose .98 797 (274.4)  6.41 (4.78) 2.68 (2.13)
-10.69)
18. 52 Product prescribin 3.05 3.05(64.52) 2.85(2.14) 1.51 (1.04)
error (2.29-4.07)
19. 44 gscoura ment 12.54 12.53 8.93 (6.25) 3.16 (2.42)
(8.78-17.92) (321.11)
20. 43 Hy~iisis 4.72 4.71 (107.46) 4.17 (3.02) 2.06 (1.49)
(3.41-6.52)
21. 42 isea currence 3.96 3.96 (81.26) 3.59 (2.6) 1.84 (1.29)
(2.87-5.48)
22. 39 Middle insomnia 8.77 8.76 (203.48) 6.89 (4.8) 2.78 (2.07)
(6.11-12.57)
23. Pre-existing condition 25.63 25.6 (466.15) 13.76(8.85) 3.78 (2.8)
improved (16.48-39.85)
24, Product dispensing 5.23 5.22 (100.57) 4.55(3.17) 2.19 (1.53)
error (3.64-7.51)
25. Therapeutic product 4.78 4.78 (81.49) 4.22(2.9) 2.08 (1.4)
effect delayed (3.28-6.96)
26. 29 Blood triglycerides 12.15 12.13 8.74 (5.64) 3.13 (2.18)
increased (7.85-18.8) (205.86)
217. 25 Micturition urgency 4.4 (2.88-6.71) 4.4 (56.62) 3.93 (2.58) 1.97 (1.21)
28. 24 Haematocrit decreased  3.66 (2.39 - 5.61) 3.66 (41.01) 3.35(2.19) 1.74 (1)
29. 24 Immune system 3.64 (2.38 - 5.58) 3.64 (40.64) 3.33(2.18) 1.74 (0.99)
disorder
30. 23 Laboratory test 3.57 (2.31-5.51) 3.57 (37.66) 3.27 (2.12) 1.71 (0.95)
abnormal
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Fig. 4: GO and KEGG enrichment analysis of the intersecting targets. (A) Bar plot of the top enriched Gene Ontology
(GO) terms across biological process, cellular component, and molecular function categories; (B) Bubble plot of the
corresponding GO terms; (C) Bar plot of the top enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways;
(D) Bubble plot of the corresponding KEGG pathways.
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DISCUSSION

This study combined case-level FAERS signal detection
with network pharmacology to characterize liraglutide-
associated reporting patterns in a UC subgroup. The
principal findings were expected gastrointestinal signals,
medication management problems, metabolic and
neuropsychiatric terms, infection-related reports and an
exploratory reporter-coded favorable association. Because
FAERS lacks an exposure denominator, standardized
disease activity and adequate control of concomitant
treatment, none of these findings establish incidence,
causality, or efficacy (Cutroneo et al., 2024; Fusaroli et al.,
2026). The network analysis similarly provides candidate
biological context rather than mechanistic confirmation.

An exploratory favorable reporting association was
identified for the reporter-coded PT “pre-existing condition
improved”; this finding reflects disproportionate reporting
only and should not be interpreted as evidence of clinical
improvement, therapeutic efficacy, or reduced UC disease
activity (Bohm et al., 2021; Cutroneo et al., 2024).
Experimental literature suggests several biologically
plausible intestinal actions of GLP-1 receptor signaling.
Reduced inflammatory signaling and barrier-protective
responses have been reported in colitis models (Bang;
Berthelsen et al., 2016; Wang et al., 2023). Microbiota-
dependent changes in IL-22-producing ILC3s and
epithelial tight-junction proteins were described by Sun e?
al. (2024), while autophagic responses and intestinal
permeability were investigated in distinct lipdglutide-
treated experimental models (Saadoun et al., 2025; Nozu
et al.,2018). These findings provide preéclimical context@nd
cannot establish efficacy in patients with"UC. The PPI
analysis prioritized TNF, IL6, IL1B apdiSTAT 3\and KEGG
enrichment included PI3K-Akt, ANF afnd JAK-STAT
signaling. These findings are compatible with recognized
inflammatory and barrier-refated bielegy. The clinical
relevance of TNF is stppoOrted by, randomized trials of
infliximab in UC (Rutgeerts et)al., 2005). However,
prioritization of anf“inflammatory hub such as IL-6
indicates network/€onnectivity rather than a validated
liraglutide target or ‘ampestablished indication for IL-6-
directed\tréatment. Thus, the hub analysis indicates that the
predictedinetworkieaptures recognized UC biology; it does
not show \that liraglutide directly engages TNF, IL-6, or
JAK-STAT\components.

The most clinically concerning reporting pattern involved
infection-related events, particularly herpes zoster and
pneumonia, including eight pneumonia-associated fatal
outcomes. These signals cannot be attributed specifically
to liraglutide. Tofacitinib was highlighted as a major
confounder because it was frequently reported as a
concomitant UC therapy and is a JAK inhibitor with a well-
characterized association with herpes zoster and serious
infection (Winthrop et al., 2021; Sandborn et al., 2023;

Keliang Liu et al.

Panes et al., 2024). Concomitant immunosuppression,
older age, comorbidity and active disease are relevant
considerations when interpreting infection risk in IBD
(Yanai et al., 2026). FAERS does not reliably capture
treatment timing, dose, duration, overlap, vaccination
status, or disease severity; therefore, the contributions of
liraglutide, concomitant treatment and underlying disease
cannot be separated and the extent of co-medication
confounding cannot be quantified.

Clinical monitoring and precautionary considerations
When liraglutide is prescribed for an approved metabolic
indication in a patient with UC, clinical’ monitoring should
account for both the metabolic treatmenffand ¢oncomitant
UC therapies.  Active or recefffiinfection; vaccination
status, immunosuppressive [exposure and relevant
comorbidity should be geviewed 4afi accordance with
infection-prevention guidance for IBD (Yanai et al., 2026).
Persistent vomitifig ok diarthea, dehydration and worsening
gastrointestindl symptoms {Wwarrant assessment; renal
function <hould be monitored when gastrointestinal
adverse reactions may cause volume depletion, consistent
with liraglutide preseribing information (National Library
of Medicine, 2026). Glucose and other metabolic
parafneters should be assessed according to the underlying
iddication jand concomitant medications. Medication
fecengiliation, injection education and assessment of
missed doses may help address treatment complexity and
adherence barriers, which have been documented in IBD
populations (Kochar et al., 2024; Ramos et al., 2022;
Brenner et al., 2023). Fever, respiratory symptoms, or a
vesicular rash require prompt clinical evaluation,
particularly during immunosuppressive treatment (Yanai et
al., 2026). These considerations derive from established
clinical guidance and the limitations of the observed
reports; they are not a validated study-specific monitoring
protocol or a recommendation to initiate liraglutide as UC
therapy. The integrated framework used here is best
described as clinical-to-mechanistic triangulation. FAERS
identifies clinical reporting patterns and potential
confounders, while network pharmacology tests whether
predicted drug-associated targets overlap with disease-
relevant networks and pathways. Agreement between these
layers can prioritize hypotheses but cannot cross-validate
efficacy or causality (Cheng et al., 2025; Fusaroli et al.,
2026). Before liraglutide could be considered a standard
UC therapy, future work should include longitudinal
active-comparator studies with validated exposure and co-
medication data; stratification by diabetes, obesity, disease
activity and immunosuppressive treatment; standardized
clinical, biochemical, endoscopic and steroid-free
remission outcomes; temporal and dose-response analyses;
experimental confirmation of target engagement in
intestinal epithelial and immune-cell models; validation in
relevant colitis models; and ultimately adequately powered
randomized clinical trials with predefined safety
monitoring.
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Study limitations

This study has several limitations. First, FAERS is a
spontaneous reporting system without a known exposed
population; therefore, incidence, absolute risk and
comparative risk cannot be calculated. Reports are subject
to underreporting, stimulated or selective reporting,
duplicate or incomplete entries, notoriety effects and
differential healthcare utilization (Cutroneo et al., 2024;
Fusaroli et al., 2026). Second, clinical information is non-
standardized and frequently missing. Body weight was
unavailable in 81.7% of reports and FAERS did not provide
consistent definitions for UC severity, endoscopic findings,
laboratory markers, treatment indication, dose, duration,
adherence, or outcome. Third, confounding by indication
is likely because liraglutide is prescribed primarily for
diabetes or obesity and these conditions may affect
treatment selection, comorbidity, co-medication and
reporting behavior. Fourth, co-medication confounding is
substantial in UC, especially for infection signals
associated with corticosteroids, immunomodulators,
biologics and JAK inhibitors (Winthrop ef al., 2021; Yanai
et al., 2026). The available data did not support reliable
exclusion-based, stratified, or adjusted analyses. Fifth,
reporter-coded favorable terms are subjective and may
reflect spontaneous disease fluctuation, concomitant
treatment, nonspecific improvement, or coding practicg;
they are not efficacy endpoints. Finally, network
pharmacology relies on in-silico databases and algorithm-
based interactions that may yield false-positive,
nonspecific, or topology-biased targets. The GeneCards
threshold was empirical and the GO/KEGG pathwa¥s were
not independently validated. Database-derived” gene
associations do not constitute experimenitaliconfirmatiefof
target engagement (Safran ef al., 2021). These limitations
require cautious, hypothesis-generatinggnterpretation.

CONCLUSION

FAERS identified exploratory, safety and favorable
reporting associations inllifaglutiderassociated UC reports,
including gastrointestinal, hinfection-related, metabolic,
neuropsychiatric, ,disease “Jstatus and medication
management terms. The reporter-coded term “pre-existing
conditign improved” dogsmot establish clinical benefit and
infection-related,, findings remained susceptible to
substantial confounding by concomitant
immunosuppressive therapy. Network pharmacology
identified 84 shared candidate targets and inflammatory or
barrier-related pathways that provide only preliminary
biological context. Prospective clinical studies, active-
comparator pharmacoepidemiologic analyses and targeted
experimental validation are required before liraglutide can
be evaluated as a therapeutic option for UC.
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