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Abstract
Background: In recent years, there has been a dramatic increase in the popularity and use of glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) for weight loss. As such, it is essential to understand users’ real-world discussions of short-term,
long-term, and co-occurrent adverse events associated with currently used GLP-1 RA medications.
Objective: This study aims to quantitatively analyze temporal and co-occurrent GLP-1 RA adverse event trends through
discussions of GLP-1 RA weight loss medications on Facebook from 2022 to 2024.
Methods: We collected 64,202 Facebook posts (59,293 posts after removing duplicate posts) from January 1, 2022, to May
31, 2024, through CrowdTangle, a public insights tool from Meta. Using English language social media posts from the United
States, we examined discussions of adverse event mentions for posts referencing 7 GLP-1 RA weight loss product categories
(ie, semaglutide, Ozempic, Wegovy, tirzepatide, Mounjaro, Zepbound, and GLP-1 RA as a class). All analyses were conducted
using Python (version 3; Python Software Foundation) in a Google Colab environment.
Results: Temporal time series analysis revealed that the GLP-1 RAs’ adverse event mentions on social media aligned with
several key events: the Food and Drug Administration’s approval of Wegovy for pediatric weight management in December
2022, increased media coverage in August 2023, celebrity endorsement in December 2023, and Medicare Part D coverage
expansion for weight loss medications in March 2024. Gastrointestinal (GI)–related adverse events (general term) were most
prevalent for posts mentioning the GLP-1 RA class (210/4885, 4.30%) and Mounjaro (241/4031, 5.98%). In contrast, the
most prevalent adverse event mentions noted for tirzepatide were headache (78/4202, 1.86%) and joint pain (71/4202, 1.69%).
Hypertension (13/1769, 0.73%) was frequently mentioned in Zepbound posts, while pancreatitis was commonly associated
with Mounjaro posts (44/4031, 1.08%), and 2.85% (139/4885) of posts broadly referring to the GLP-1 RA class. Furthermore,
an integrated node network analysis revealed 3 distinct GLP-1 RA adverse events–mentioned clusters: cluster 1 (purple)
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contained allergies, anxiety, depression, chronic obstructive pulmonary disease, fatigue, fever, hypertension, indigestion,
insomnia, gastroesophageal reflux disease, hives, swelling, restlessness, and seizures. Cluster 2 (pink) contained constipation,
dehydration, headache, diarrhea, dizziness, hypoglycemia, sweating, and jaundice. Cluster 3 (brown) contained GI symptoms,
such as nausea, pancreatitis, rash, and vomiting. The GI symptoms, such as nausea, vomiting, pancreatitis, diarrhea, and
indigestion, were strongly associated together (≥100 co-occurrence mentions), while the mentioned neurological symptoms,
such as anxiety, depression, and insomnia, were highly correlated with each other (50‐100 co-occurrence mentions).
Conclusions: This social media study highlights the adverse event mention patterns for posts referencing GLP-1 RA
medications. While further research is needed to rigorously examine and validate these findings, this study demonstrates
the importance of monitoring social media discussions to predict novel, underreported, or rare drug adverse events, thereby
improving patient care, clinical research, and health policy interventions.
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Introduction
In recent years, there has been a dramatic increase in
the popularity and use of glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) for the treatment of type 2 diabetes and
obesity [1]. The Food and Drug Administration (FDA) first
approved Ozempic (semaglutide) and Mounjaro (tirzepatide)
for the management of type 2 diabetes in December 2017
and May 2022, respectively. Wegovy (semaglutide) and
Zepbound (tirzepatide) were then approved for the manage-
ment of obesity and overweight in June 2021 and November
2023, respectively. Given that nearly 38 million US adults
are living with diabetes and more than 100 million have
obesity, the increased demand for these drugs has contributed
to an alarming global shortage of medications for people
in need [2,3]. Furthermore, the low availability, high costs,
and inconsistent and inadequate insurance coverage of GLP-1
RAs have contributed to the rise of compounded versions of
GLP-1 RAs. However, while often lower in cost and more
readily available (including without a prescription), compoun-
ded GLP-1 RAs have unknown dosage, safety, and efficacy
profiles [4,5].

An important consideration for GLP-1 RAs’ use is their
adverse event profile, including significant GI discomfort
and other potential physical and psychological symptoms [6].
GLP-1 RAs’ functions include stimulating glucose-depend-
ent insulin secretion, inhibiting glucagon secretion, and
delaying gastric emptying [7]. These mechanisms of action
contribute to reducing blood glucose levels and facilitating
weight loss. However, by reducing patients’ appetite and
nutritional intake, GLP-1 RAs may lead to malnutrition,
dehydration, and rapid loss of both fat and lean (ie, muscle
and skeletal) body mass [8]. Previous clinical studies have
discovered prevalent adverse events associated with GLP-1
RAs, including GI symptoms, such as nausea, diarrhea,
vomiting, and reduced appetite [9]. Others revealed notable
mental health adverse events, including insomnia, anxiety,
and depression [6,10]. Importantly, the individual experience
with medications—concerning effectiveness, tolerability, and
safety—may differ among those taking medications in the
real world compared with those enrolled and studied in
clinical trials, and some events may be too infrequent to

be detected in clinical trials. Moreover, rare adverse events
may not be ascertained in clinical trial protocols. Therefore,
further research is necessary to understand the complex
adverse events of GLP-1 RAs on physical and mental health
conditions experienced and reported by individuals consum-
ing these medications in contemporary practice.

Since the most potent GLP-1 RAs (including the dual
glucose-dependent insulinotropic polypeptide and GLP-1 RA,
tirzepatide) were introduced into practice recently, it is
important to monitor for emerging adverse events of these
medications [11]. Clinical studies identify many of GLP-1
RAs’ adverse events, but they cannot capture the totality
of adverse events experienced by and important to patients.
For instance, clinical studies’ sample size and duration
of follow-up are often limited, reducing the likelihood of
detecting rare or long-term adverse events. Individuals taking
GLP-1 RAs also differ from those included in clinical trials
as they likely have different clinical profiles, lifestyles,
environmental contexts, and dietary and physical activity
cointerventions. Furthermore, the robustness of education and
clinical monitoring available before and while taking GLP-1
RA medications contributes to individuals’ perceptions of the
medications. It is also essential to monitor adverse events of
compounded GLP-1 RA products, whose safety profiles are
expected to differ from the FDA-approved products and are
largely unknown at this time.

Social media platforms provide a relatively untapped,
extensive source of public discussion from which health
professionals can develop targeted interventions. A meta-
analysis study analyzed social media pharmacovigilance
studies and FDA reports and found that more adverse event
discussions on social media corresponded to a higher hazard
and faster drug product recall [12]. Therefore, social media
may reveal invaluable insights regarding mentioned adverse
events that may not be presented in other clinical or observa-
tional studies.

Building upon prior findings, this social media–based
study aims to use advanced data extraction techniques and
conduct quantitative analyses to investigate mentioned GLP-1
RA adverse event phenotypes. Our approach harnesses social
media data as a complement to traditional clinical and
pharmacovigilance data sources to identify user-reported
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mentions of adverse events for posts referencing GLP-1 RAs.
Additionally, we examine temporal trends of social media
GLP-1 RA discussions to identify factors that drive their
popularity from Oprah Winfrey’s endorsement of GLP-1 RAs
[13] to Medicare’s coverage expansion [14]. Finally, we
identify clusters of co-mentioned adverse events, introduc-
ing a novel way to characterize adverse event interconnec-
tions and risk profiles. Quantitative temporal analyses are
vital to highlight possible unreported GLP-1 RA adverse
events, providing timely information to inform community-
driven interventions to promote public health awareness about
GLP-1 RA use.

Methods
Data Source
We collected Facebook posts through CrowdTangle, a public
insights tool from Meta [15] and engagement metrics (eg,
views and post likes). CrowdTangle has been discontin-
ued. Currently available tools for researchers include Meta
Content Library and Content Library API [16]. CrowdTan-
gle provides data from public accounts, including 7 million
Facebook pages, groups, and verified profiles. Data collection
can be refined by specifying various parameters such as time
frame, specific pages, groups or profiles, keywords or tags,
language, geolocation, and presence of memes. The returned
data include posts, image URLs, image caption text, date of
the post, and engagement metrics (eg, views and post likes).

Data Preparation (Sample and Inclusion
Criteria)
Using CrowdTangle, we obtained and processed Facebook
English language posts by US-based users between Janu-
ary 1, 2022, and May 31, 2024, that mentioned weight
loss medications, specifically “Semaglutide/semaglutide,”
“Ozempic/Ozempic/ozempy,” “Wegovy/wegovy,” “Tirze-
patide/tirzepatide,” “Mounjaro/mounjaro,” “Zepbound/zep-
bound,” and “GLP-1/GLP-1s/GLP-1 agonist/GLP-1 RAs.”
To limit our collection to US-based discussions on weight
loss medications, we leveraged CrowdTangle’s “Page Admin
Country” filtering parameter. This field identifies the country
of the primary administrators of Facebook Pages. Because the
filter was not available for Facebook Groups, we collected
posts derived solely from Facebook Pages where the United
States was listed as the “Page Admin Country. Among
these posts, we identified those that mentioned any poten-
tial short-term or long-term adverse events, defined as any
undesirable experience associated with a drug or treatment
[17] (Table 1). The list of adverse events was determined
based on past literature, clinical expertise, and the SIDER
database version 4.1, which cataloged 5868 documented
adverse events for 1430 commercially available drugs [18].
To examine the magnitude of adverse events mentioned
for weight loss medications, duplicate posts with the same
message were filtered out.

Table 1. List of adverse events associated with different weight loss medications.
Adverse event category Adverse event
Gastrointestinal • Gastrointestinal (general term)

• Nausea
• Vomiting
• Diarrhea
• Constipation
• Abdominal pain
• Loss of appetite
• Indigestion
• Jaundice
• Pancreatitis
• Gallbladder issues
• Gastroesophageal reflux disease
• Liver damage

Neuromuscular • Headache
• Dizziness
• Seizures
• Muscle cramps
• Tingling sensation
• Joint pain
• Muscle weakness
• Back pain

Cardiovascular and respiratory • Persistent cough
• Swelling
• Increased heart rate
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Adverse event category Adverse event

• Shortness of breath
• Hypertension
• Chronic obstructive pulmonary disease
• Blood clots
• Heart palpitations

Dermatologic and immunologic • Rash
• Sweating
• Hives
• Sore throat
• Fever
• Dry mouth
• Hair loss
• Allergies

Endocrine and metabolic • Elevated blood sugar levels
• Irregular menstrual cycle
• Thyroid tumor
• Erectile dysfunction
• Kidney damage
• Hypoglycemia

Mental health and behavioral • Depression
• Anxiety
• Mood swings
• Insomnia
• Restlessness

General symptoms • Vision changes
• Fatigue
• Dehydration

Statistical Analysis
Descriptive analyses were conducted using Python (version
3) in a Google Colab environment. For each weight loss
medication, we calculated the frequency and percentage of
adverse events mentioned—calculated as the total mention
of a certain adverse events over the total number of posts
for a particular weight loss medication. To examine temporal
trends, we recorded the total frequency of adverse events
by calendar month. We plotted frequency and percentage of
adverse events mentions from January 2022 to May 2024
to assess for changes in the mentions of adverse events for
four specific events: (1) FDA approval of Wegovy for weight
management in children aged 12‐17 years in December 2022
[19], (2) increased media coverage of GLP-1 RA medications
on TikTok and other platforms in August of 2023 [20], (3)
Oprah Winfrey’s endorsement of weight loss medications
in December 2023 [14], and (4) expanded FDA indication
for Wegovy for the prevention of cardiovascular events and
mortality in adults with obesity and cardiovascular disease
in March 2024, paving the way for Medicare coverage of
weight management medications for reduction of cardiovas-
cular events [21].

To investigate the co-occurrence of adverse events
mentioned, a cluster analysis was conducted. Clusters were
formed based on the Louvain community detection algo-
rithm using the Python library (python-louvain) [22], which

can detect communities (via modularity optimization) and
subsequently improve the quality of community structures
[23]. A spring layout algorithm for positioning with k=7.8
and the number of iterations=100 was applied to arrange
the nodes to effectively repel them to minimize overlap and
enhance the clarity of the node-network structure [24]. Using
this method, we constructed a network of adverse events
mentioned where 2 nodes mentioned in the same post are
connected by an edge. A cluster was based on the co-occur-
rence of mentioned adverse events. The size of each node
reflects the frequency of the mentions, while the width of
each edge (thickness of the lines) corresponds to its weight,
indicating the strength of co-occurrence between comentioned
adverse events.

Ethical Considerations
This study was determined to be not human participant
research by the University of Maryland College Park
Institutional Review Board (2072551-1). In addition, the
social media posts were anonymized, upholding user privacy.

Results
Descriptive Patterns of Adverse Events
Table S1 in Multimedia Appendix 1 shows the FDA-repor-
ted adverse events of the drugs examined in this study with
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their brand name, generic name, and approved indication for
the drug. We collected 64,202 (59,293 posts after remov-
ing duplicates) posts that included a discussion of the 7
weight loss products. Of these posts, 28.9% (17,146/59,293)
on semaglutide, 31.6% (18,733/59,293) on Ozempic, 14.4%
(8527/59,293) on Wegovy, 7.1% (4202/59,293) on tirzepa-
tide, 6.8% (4031/59,293) on Mounjaro, 3.0% (1769/59,293)
on Zepbound, and 8.5% (4885/59,293) referenced the GLP-1
RA class without mentioning a specific drug. Among all the
posts, 13.8% (8171/59,293) mentioned adverse events (Table
2). Table 2 shows the counts and percentages of all posts

about each medication that mentions specific adverse events.
For example, nausea is mentioned in 3.23% (185/4885)
of posts referencing GLP-1. Within each column of the
different medications, adverse event mentions are depicted
in decreasing frequency within broad categories of adverse
events such as “Gastrointestinal” or “Mental Health and
Behavior,” where the highest percentage within the category
is near the top, and the lowest percentage is near the bottom.
The percentages in boldface represent the highest frequency
within each column.

Table 2. Frequency and percentage of adverse event mentions by weight loss medicationsa.
Adverse events GLP-1b Semaglutide Ozempic Wegovy Mounjaro Tirzepatide Zepbound
Total posts 4885 17,146 18,733 8527 4031 4202 1769

Category Total number
of adverse
event mentions
within drug
posts

1138 1486 2579 1495 868 436 169

Gastrointesti
nal

Gastrointestina
l (general
term), n (%) 210 (4.30)c 95 (0.55) 488 (2.61) 296 (3.47) 241 (5.98) 19 (0.45) 16 (0.90)
Nausea, n (%) 158 (3.23) 197 (1.15) 317 (1.69) 175 (2.05) 86 (2.13) 48 (1.14) 23 (1.30)
Vomiting, n
(%)

113 (2.31) 99 (0.58) 308 (1.64) 228 (2.67) 153 (3.80) 17 (0.40) 11 (0.62)

Pancreatitis, n
(%)

139 (2.85) 52 (0.30) 165 (0.88) 91 (1.07) 44 (1.09) 12 (0.29) 7 (0.40)

Constipation, n
(%)

59 (1.21) 64 (0.37) 143 (0.76) 82 (0.96%) 38 (0.94) 26 (0.62) 16 (0.90)

Diarrhea, n
(%)

64 (1.31) 59 (0.34) 155 (0.83) 83 (0.97) 36 (0.89) 19 (0.45) 12 (0.68)

Abdominal
pain, n (%)

51 (1.04) 22 (0.13) 112 (0.60) 34 (0.40) 19 (0.47) 6 (0.14) 2 (0.11)

Gallbladder
issues, n (%)

13 (0.27) 4 (0.02) 61 (0.33) 36 (0.42) 3 (0.07) 1 (0.02) 1 (0.06)

Indigestion, n
(%)

2 (0.04) 5 (0.03) 6 (0.03) 0 (0.00) 5 (0.12) 0 (0.00) 0 (0.00)

Loss of
appetite, n (%)

4 (0.08) 2 (0.01) 5 (0.03) 4 (0.05) 0 (0.00) 0 (0.00) 0 (0.00)

GERDd, n (%) 5 (0.10) 2 (0.01) 4 (0.02) 1 (0.01) 1 (0.02) 0 (0.00) 0 (0.00)
Liver damage,
n (%)

0 (0.00) 1 (0.01) 1 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Jaundice, n
(%)

0 (0.00) 1 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Mental
health and
behavior

Depression, n
(%)

42 (0.86) 151 (0.88) 165 (0.88) 134 (1.57) 19 (0.47) 13 (0.40) 9 (0.62)

Anxiety, n (%) 39 (0.80) 59 (0.34) 70 (0.37) 36 (0.42) 19 (0.47) 13 (0.31) 9 (0.51)
Mood swings,
n (%)

3 (0.06) 24 (0.14) 15 (0.08) 14 (0.16) 2 (0.05) 3 (0.07) 0 (0.00)

Insomnia, n
(%)

4 (0.08) 7 (0.04) 6 (0.03) 1 (0.01) 5 (0.12) 2 (0.05) 0 (0.00)

Restlessness, n
(%)

1 (0.02) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Dermatologi
c and
immunologic

Hair loss, n
(%)

48 (0.98) 50 (0.29) 153 (0.82) 77 (0.90) 80 (1.98) 15 (0.36) 17 (0.96)

Rash, n (%) 8 (0.16) 51 (0.30) 25 (0.13) 5 (0.06) 6 (0.15) 4 (0.10) 1 (0.06)
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Adverse events GLP-1b Semaglutide Ozempic Wegovy Mounjaro Tirzepatide Zepbound
Fever, n (%) 2 (0.04) 5 (0.03) 7 (0.04) 5 (0.06) 3 (0.07) 1 (0.02) 2 (0.11)
Sweating, n
(%)

3 (0.06 9 (0.05) 13 (0.07) 4 (0.05) 2 (0.05) 1 (0.02) 0 (0.00)

Allergies, n
(%)

1 (0.02) 14 (0.08) 7 (0.04) 3 (0.04) 2 (0.05) 1 (0.02) 0 (0.00)

Hives, n (%) 6 (0.12) 1 (0.01) 7 (0.04) 1 (0.01) 1 (0.02) 1 (0.02) 0 (0.00)
Sore throat, n
(%)

2 (0.04) 0 (0.00) 3 (0.02) 3 (0.04) 0 (0.00) 0 (0.00) 0 (0.00)

Dry mouth, n
(%)

0 (0.00) 1 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.02) 0 (0.00)

Neuromuscul
ar

Headache, n
(%)

21 (0.43) 111 (0.65) 22 (0.12) 13 (0.15) 7 (0.17) 78 (1.86) 3 (0.17)

Joint pain, n
(%)

10 (0.20) 97 (0.57) 4 (0.02) 2 (0.02) 4 (0.10) 71 (1.69) 1 (0.06)

Dizziness, n
(%)

8 (0.16) 15 (0.09) 19 (0.10) 16 (0.19) 2 (0.05) 0 (0.00) 1 (0.06)

Muscle
weakness, n
(%)

2 (0.04) 2 (0.01) 2 (0.01) 2 (0.02) 2 (0.05) 1 (0.02) 0 (0.00)

Back pain, n
(%)

0 (0.00) 7 (0.04) 1 (0.01) 0 (0.00) 2 (0.05) 0 (0.00) 0 (0.00)

Seizures, n (%) 0 (0.00) 4 (0.02) 6 (0.03) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Muscle
cramps, n (%)

0 (0.00) 3 (0.02) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Tingling
sensation, n
(%)

0 (0.00) 1 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

General
symptom

Fatigue, n (%) 29 (0.59) 111 (0.65) 65 (0.35) 47 (0.55) 21 (0.52) 33 (0.79) 18 (1.02)
Vision
changes, n (%)

4 (0.08) 3 (0.02) 4 (0.02) 3 (0.04) 3 (0.07) 2 (0.05) 2 (0.11)

Dehydration, n
(%)

4 (0.08) 12 (0.07) 8 (0.04) 3 (0.04) 2 (0.05) 0 (0.00) 0 (0.00)

Cardiovascul
ar and
respiratory

Hypertension,
n (%)

32 (0.66) 53 (0.31) 24 (0.13) 25 (0.29) 11 (0.27) 21 (0.50) 13 (0.73)

Persistent
cough, n (%)

0 (0.00) 0 (0.00) 22 (0.12) 0 (0.00) 22 (0.55) 0 (0.00) 0 (0.00)

Swelling, n
(%)

1 (0.02) 24 (0.14) 10 (0.05) 7 (0.08) 2 (0.05) 4 (0.10) 0 (0.00)

COPDe, n (%) 4 (0.08) 0 (0.00) 7 (0.04) 0 (0.00) 1 (0.02) 0 (0.00) 0 (0.00)
Blood clots, n
(%)

4 (0.08) 2 (0.01) 2 (0.01) 1 (0.01) 1 (0.02) 1 (0.02) 0 (0.00)

Increased heart
rate, n (%)

0 (0.00) 2 (0.01) 2 (0.01) 3 (0.04) 1 (0.02) 1 (0.02) 0 (0.00)

Heart
palpitations, n
(%)

0 (0.00) 3 (0.02) 2 (0.01) 0 (0.00) 2 (0.05) 1 (0.02) 0 (0.00)

Shortness of
breath, n (%)

0 (0.00) 1 (0.01) 0 (0.00) 4 (0.05) 0 (0.00) 0 (0.00) 0 (0.00)

Endocrine
and
metabolic

Hypoglycemia,
n (%)

29 (0.59) 31 (0.18) 80 (0.43) 33 (0.39) 9 (0.22) 7 (0.17) 2 (0.11)

Thyroid tumor,
n (%)

8 (0.16) 15 (0.09) 54 (0.29) 20 (0.23) 9 (0.22) 3 (0.07) 1 (0.06)

Erectile
dysfunction, n
(%)

1 (0.02) 10 (0.06) 2 (0.01) 2 (0.02) 0 (0.00) 5 (0.12) 0 (0.00)
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Adverse events GLP-1b Semaglutide Ozempic Wegovy Mounjaro Tirzepatide Zepbound
Kidney
damage, n (%)

4 (0.08) 4 (0.02) 5 (0.03) 1 (0.01) 2 (0.05) 1 (0.02) 0 (0.00)

Elevated blood
sugar levels, n
(%)

0 (0.00) 0 (0.00) 1 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Irregular
menstrual
cycles, n (%)

0 (0.00) 0 (0.00) 1 (0.01) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

aPercentage = (Number of posts mentioning the adverse event for a medication/Total number of posts about the medication) × 100. The values in
boldface indicate the most commonly mentioned adverse event for the particular GLP-1 RA category.
bGLP-1: glucagon-like peptide-1.
cThe values in boldface indicate the most commonly mentioned adverse event for the particular GLP-1 RA category.
dGERD: gastroesophageal reflux disease.
eCOPD: chronic obstructive pulmonary disease.

Distinct GLP-RA adverse events mention patterns emerged.
General (nonspecified) GI concerns were among the most
frequently reported, representing 4.3% (210/4885) of general
GLP-1 RA posts and 6.0% (241/4031) and 3.5% (296/8527)
of posts referencing Mounjaro and Wegovy, respectively
(Table 2). A lower percentage of GI issues were reported
in posts mentioning Ozempic (488/18,733, 2.6%), semaglu-
tide (95/17,146, 0.5%), tirzepatide (19/4202, 0.5%), and
Zepbound (16/1769, 0.9%). Nausea was among the most
commonly reported specific symptoms, appearing in 3.2%
(158/4885) of posts about general GLP-1 RA use, 2.1%
(86/4031) of posts about Mounjaro and Wegovy each, 1.7%
(317/18,733) about Ozempic, and 1.3% (23/1769) of posts
about Zepbound; it was mentioned in approximately 1%
(197/17,146) of semaglutide and tirzepatide posts. Vomit-
ing was also mentioned in 3.8% (153/4031) of Mounjaro
posts, 2.7% (228/8527) of Wegovy posts, 2.3% (113/4885)
of general GLP-1 RA posts, 1.6% of Ozempic posts
(308/18,733), and 0.6% of semaglutide (99/17,146) and
Zepbound (11/1769) posts each. Pancreatitis was a concern
that appeared in 2.9% (139/4885) of general GLP-1 RAs
posts.

Several other adverse events were referenced in posts.
Depression was noted across various GLP-1 RAs, although
it was less prevalent than general GI concerns or nausea
and vomiting (Table 2). Wegovy posts mentioned depres-
sion 1.6% (134/8527) of the time, while general GLP-1
RAs (42/4885), Ozempic (165/18,733), and semaglutide
(151/17,146) posts discussed depression 0.9% of the time.
Depression was less often noted in Zepbound (9/1769,
0.6%), Mounjaro (19/4031, 0.5%), and tirzepatide (13/4202,
0.4%)-related posts. Hair loss was more prominent in
Mounjaro posts (80/4031, 2.0%) than in general GLP-1
RA (48/4885) or Zepbound (17/1769) posts, which were

discussed in 1.0% of posts each. Headaches (78/4202) and
joint pain (71/4202) appeared in 2.0% of tirzepatide posts,
compared with 0.6% (111/17,146) and 0.7% (97/17,146) of
semaglutide posts. Fatigue was also reported across all weight
loss medications. Table S2 in Multimedia Appendix 1 shows
the percentage of posts that mention each adverse event
by medication. For example, 1.69% (317/18,733) of posts
mentioning Ozempic adverse events include “nausea.” Figure
S1 in Multimedia Appendix 1 displays the prominent adverse
events frequencies (total≥75) for the weight loss medications.
Temporal Trends With Key Events
We examined the potential impact of several key events
occurring during the temporal analysis period on observed
side effect mention trends (Figure 1). In December 2022,
the FDA approved Wegovy for the treatment of obesity in
children aged 12‐17 years [19]. This event was followed
by increased media coverage in August 2023 that highligh-
ted potential adverse event mentions associated with these
drugs and interactions with other medications, coinciding
with a surge in media coverage across social media plat-
forms including Reddit, TikTok, Instagram, Facebook, and
Twitter [19]. At the end of 2023, Oprah Winfrey publicly
endorsed the use of weight loss medications (December 14,
2023) [14], while Medicare Part D expanded its coverage
for weight loss medications starting in March 2024 [21].
Figure S2 and Table S3 in Multimedia Appendix 1 show
the percentage of adverse events mentioned to total drug
mentions over time. Of note, although the number of adverse
events mentioned has increased over time, the percentage of
posts that mention adverse events has decreased over time
(Figure S2 in Multimedia Appendix 1), indicating changes in
the composition of these discussions from adverse events to
other topics related to these medications.
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Figure 1. Temporal time series analysis of mention of all adverse events from January 2022 to May 2024. FDA: Food and Drug Administration.

Co-Occurrence Network Trends
In a network analysis of noted adverse events for posts
referencing these medications, a total of 2618 adverse event
co-occurrence interactions and 27 nodes (circles represent-
ing adverse events) were identified from the dataset. As
shown in Figure 2, 3 distinct communities were formed,
each representing a grouping of adverse events mentioned
with similar characteristics based on their high-frequency
co-occurrence patterns. Cluster 1 (purple) contains allergies,
anxiety, depression, chronic obstructive pulmonary disease,
fatigue, fever, hypertension, indigestion, insomnia, gastroe-
sophageal reflux disease, hives, swelling, restlessness, and
seizures. Cluster 2 (pink) contains constipation, dehydration,
headache, diarrhea, dizziness, hypoglycemia, sweating, and
jaundice. Cluster 3 (brown) contains GI symptoms, such as
nausea, pancreatitis, rash, and vomiting. Interactions with a

co-occurrence count of ≥100 were visualized with thick lines,
while those with counts between 50 and 100 were shown
with a moderately thick line, and interactions with counts
<50 were represented by the thinnest lines. As depicted
in Figure 2, nausea, vomiting, pancreatitis, and GI distress
are connected by thick lines, reflecting their strong co-occur-
rence. Anxiety and depression are also highly correlated.
Next, the intermediately thick lines reveal moderately strong
associations between fatigue, anxiety, indigestion, nausea,
diarrhea, vomiting, and pancreatitis. The most common
co-occurrences are GI and vomiting (298), GI and pancreatitis
(152), GI and nausea (132), anxiety and depression (210),
and nausea and pancreatitis (124). Moderate co-occurrences
include anxiety and indigestion (96), anxiety and fatigue (76),
and fatigue and nausea (74).
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Figure 2. Network analysis of adverse events co-occurrences and community clusters. COPD: chronic obstructive pulmonary disease; GERD:
gastroesophageal reflux disease.

Discussion
Principal Findings
This study used Facebook data to examine the adverse
events discussed on the social media platform with respect
to different GLP-1 RAs commonly used for weight manage-
ment from January 2022 to June 2024. Semaglutide and
Ozempic (the brand of semaglutide FDA-approved for the
treatment of type 2 diabetes) were the most mentioned
products, while Wegovy (the brand of semaglutide FDA-
approved for the treatment of obesity), tirzepatide, Mounjaro
(the brand of tirzepatide FDA-approved for the treatment
of type 2 diabetes), Zepbound (the brand of tirzepatide
FDA-approved for the treatment of obesity), and the overall
GLP-1 RA class were discussed less often, reflecting the
public’s attention to Ozempic as a prominent GLP-1 RA
agent and the first medication receiving market approval. The
most commonly described adverse events were GI symp-
toms for most GLP-1 RA categories, while for tirzepatide
social media posts, the most prevalent ones were headache
and joint pain. The popularity of these medications and
mentions of their adverse events surged in alignment with
novel indications, approvals (particularly for children), and
celebrity endorsement. We also uncovered 3 distinct clusters
of referenced co-occurring adverse events, characterized by
(1) somatic or metabolic symptoms (purple), (2) neurological
or inflammatory discomfort (pink), and (3) gastrointestinal
distress (brown). Together, these findings offer a glimpse

into the public’s social media discussions of adverse events
related to GLP-1 RA medications. Posts discussing GLP-1
RAs as a class as well as specific posts discussing Moun-
jaro were most likely to mention adverse events (1138/4885,
23.3% and 868/4031, 21.5%, respectively), while posts
discussing the other products (ie, semaglutide, tirzepatide,
and Wegovy) included adverse events <10% of the time.
However, it is important to note that Mounjaro and Zepbound
(both tirzepatide products) were approved during the study
period in May 2022 and November 2023, respectively, while
Ozempic and Wegovy (both semaglutide products) were
approved in 2017 and 2021, respectively. Thus, temporal
differences in market access may have impacted the public’s
discussion of adverse events for these medications. More
recently approved medications may garner more discussion
about adverse events, while discussions of medications that
have been available and used longer may have shifted
toward other topics, such as health insurance coverage or
novel indications [25,26]. GLP-1 RA adverse events may
be dose dependent and diminish with time. Nevertheless, in
our study, we did not collect dose information or include
it in our analysis as doses were not consistently posted or
available, and it was not possible to assess what dosages of
the medications the adverse events were experienced on and
attributed to.

GI adverse events, including nausea and vomiting, were
the most frequently mentioned for all the drugs, consistent
with both clinical trial and social media analysis data [27,28].
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Additionally, our study found that Ozempic and all semaglu-
tide medications were more frequently associated with reports
of depression and anxiety than other weight loss medications.
While our analyses cannot establish a causal relationship
or provide a mechanistic pathway, the clustering of depres-
sive symptoms among individuals discussing semaglutide is
concerning and builds upon prior literature, raising concerns
about an increased risk of suicidal ideation with semaglutide
therapy [29,30]. Therefore, it may be important to monitor
individuals treated with semaglutide—and other GLP-1 RAs
—for mood concerns until more conclusive clinical data are
available. Nevertheless, it remains to be determined whether
semaglutide impacts mood through its actions on the central
nervous system and reward pathways, or whether individuals
at high risk for depression are more likely to take semaglutide
and share their concerns on social media.

Not surprisingly, we found significant increases in social
media posts—both overall and those discussing medication
adverse events—corresponding to the broader context during
our study period between January 2022 and June 2024.
After the FDA approved Wegovy for weight management
in children aged 12‐17 years in December 2022 [19], there
was a corresponding increase in adverse event mentions in
the following months. This trend aligns with a previous
study that highlights potential adverse event risks, including
GI issues, mental health concerns, and metabolic changes
in younger populations [31]. During August 2023, there
was an increase in media coverage of GLP-1 RA—partic-
ularly of compounded GLP-1 RA products—across social
media platforms, concurrent with an FDA warning against
use of unapproved GLP-1 RA drugs. This time period also
corresponded to a second spike in adverse event mentions
as illustrated in Figure 2 [32]. Our findings are consistent
with an earlier report that revealed increased patient concerns
and discussions about GLP-1 RA adverse events following
increased media attention [33]. The next spike in social media
discussions was observed after Oprah Winfrey shared that
she had used weight loss medication as part of her health
and fitness routine in December 2023, which contributed to a
400% increase in semaglutide prescriptions [34]. This surge
coincided with a rise in public discourse about associated
GI adverse events as well as more severe complications
such as pancreatitis and kidney damage [35,36]. Finally,
there was an increase in mentions of adverse event concerns
after the March 2024 FDA expansion of Wegovy’s approved
indication to include the prevention of cardiovascular events
in patients with obesity and cardiovascular disease, thereby
paving the way for Medicare coverage of Wegovy for patients
with obesity but not type 2 diabetes. A subsequent public poll
by the Kaiser Family Foundation similarly noted an increase
in public discussions of GLP-1 RA adverse events, includ-
ing GI issues and fatigue [37]. Unlike previous studies, our
study uniquely analyzed real-time social media discussions
on GLP-1 RA medications, capturing shifts in adverse events
mentioned in response to key regulatory and media events.

Previous clinical studies have also examined the adverse
event profiles of semaglutide and tirzepatide GLP-1 RAs
receptor agonists. For instance, in SURPASS-2, a 40-week

phase 3 clinical trial comparing tirzepatide and semaglutide
in 1879 participants with type 2 diabetes [10], the most
commonly reported adverse events were GI: nausea, diarrhea,
vomiting, and reduced appetite. Social media results not only
corroborated the high prevalence of these GI adverse events
but also exposed some more severe and rare adverse events,
such as pancreatitis, which appeared more prominently in
social media discussions than in clinical trials. For example,
pancreatitis, which was experienced by 0.6% of patients in
SUSTAIN-2, was discussed in 2.85% (139/4885) of GLP-
RA’s social media posts. Joint pain was an additional adverse
event that appeared on social media but is not yet attrib-
uted to these medications in clinical trials [38]. Similarly,
headache was the most frequently mentioned adverse events
mentioned in 1.86% (78/4202) of tirzepatide social media
posts. In contrast, a clinical study revealed reduced headache
risk in patients with hypertension treated with tirzepatide
[39]. These findings warrant further clinical investigation
to examine the complex adverse events of tirzepatide on
mitigating and exacerbating headaches and other neurologi-
cal symptoms. Additionally, our study identified 3 unique
clusters of adverse event profiles attributed to GLP-1 RA
agents. We found co-occurrences between GI adverse events,
such as nausea, vomiting, pancreatitis, and GI distress.
Anxiety and depression were also highly correlated with each
other. These findings build upon an earlier mixed methods
study that analyzed Reddit, YouTube, and TikTok to assess
the impact of GLP-1 RAs on mental health [7], finding 3
overarching mental health–related themes: insomnia (n=620
matches), anxiety (n=353), and depression (n=204); these
mental health conditions were also detected in our analysis.
Another study analyzed Twitter, Reddit, PubMed, SIDER,
and manufacturer reports to identify clusters of adverse events
frequently co-mentioned in the same posts [23]. The most
prevalent cluster of co-mentioned adverse events was GI
adverse events, corroborating our analytical findings. Next,
mental health adverse events were a frequent cluster, aligning
with the neurological adverse events cluster in our integra-
ted node network analysis. This study not only leveraged a
novel platform, Facebook, to reveal additional insights into
relationships between comentioned adverse events but also
corroborated the results of previous studies using similar
methodologies. Our broader co-occurrence trends reveal
broad adverse event categories that can be further explored
to analyze individual differences between patients. Further
clinical research is necessary to understand the complex
relationships of co-occurring adverse events.
Strengths and Limitations
This quantitative social media analysis study has several
strengths. Primarily, it evaluated adverse event profiles
attributed by individuals to different GLP-1 RA agents
over a 2-year period and across 63,023 posts. Social media
posts represent a wide range of individuals, including those
from diverse backgrounds who are underrepresented in
clinical trials (racial and ethnic minority patients, women
of childbearing age, rural residents, etc), in different drug
markets, and from all regions of the United States [40].
Facebook is a popular social media platform with 68% of
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US adults using this digital platform in 2023 [41]. On social
media, people have the opportunity to share their real-world
experiences, beliefs, concerns, and outcomes and may be
more likely to report some experiences they may not report
in an in-person study.

However, the study’s limitations must also be taken into
consideration. While in general, social media users repre-
sent a diverse sample, we do not know the demographic
characteristics of the social media users in our specific
dataset. Symptoms mentioned in these posts are self-repor-
ted, and we cannot discern whether they were personally
experienced, represent concerns about potentially experienc-
ing those adverse events, or were posted in response to
hearing about adverse events from others. Additionally, social
media users may differ from the general US population
treated with GLP-1 RA medications. However, more than
7 in 10 Americans use social media to engage with others,
receive news, and share information, and the social media
user base is increasingly becoming more representative of
the broader US population [42]. As such, social media posts
about GLP-1 RA medications may represent a combination
of the experiences of the broader population taking these
medications, those interested in taking these medications,
or expressions of concern about these adverse events. They
do not solely represent the adverse events reported by the
subset of patients with type 2 diabetes or obesity who are
prescribed these medications in clinical practice. Furthermore,
for those taking medications, we do not know the dosage or
the length of time that they were taking these medications.
Thus, while social media posts cannot replace clinical trials or
large cohort studies, they provide a meaningful, complemen-
tary data source to detect adverse events that may warrant
further study. Furthermore, this study includes a subset of
weight loss medications as identified from Facebook posts.
Future studies can expand on this work to examine other
drugs used for weight loss and investigate these questions
using additional social media platforms. While the analyzed
social media posts were in the English language and based

in the United States, social media posts in other languages
and from other countries can also be analyzed in the future
to expand the scope and generalizability of the study’s
findings. To construct a list of potential adverse events,
we used past literature, clinical expertise, and the SIDER
database version 4.1 and did not use the subscription-based
product, Medical Dictionary for Regulatory Activities [43].
It would be valuable for future studies to investigate the
extent to which findings differ depending on approaches used
to identify adverse events. While compounded versions of
GLP-1 RAs are not FDA-approved and have been associated
with significant adverse drug reactions, this study did not
distinguish adverse events from FDA-approved GLP-1 RAs
compared with compounded versions of GLP-1 RAs [31]. It
would be valuable for future studies to examine differences in
reported adverse events of FDA-approved and compounded
versions of these drugs.
Conclusions
Social media provides a space for users to share personal
experiences, challenges, and outcomes with weight loss
medications in a way that is infeasible to ascertain from
other data sources and study designs. Through our compre-
hensive analysis of Facebook posts during 2022 and 2024, we
were able to systematically identify and characterize adverse
event profiles attributed to GLP-1 RAs. Using advanced
data filtering and extraction techniques, we were able to
identify patterns and trends within these data to effectively
highlight the unique role of social media in examining
the public narrative about increasingly popular weight loss
medications. As the rates of GLP-1 RA use continue to
grow, it is imperative to investigate their short-term and
long-term adverse events and user perceptions of adverse
events associated with each drug, along with the complex
relationships between concurrent adverse events. Overall, this
study enhances our understanding of the nuanced perspec-
tives of the therapeutic landscape, helping facilitate further
discovery in this area.
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