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« This retrospective cohort study utilized the TriNetX global database and
showed that the use of glucagon-like peptide-1 receptor agonists (GLP-1RA)
is associated with lower suicide risk in people with type 2 diabetes (T2D).

« Further, the use of GLP-1RA was particularly associated with lower suicide
risk compared with the use of dipeptidyl peptidase-4 inhibitor (DPP-4i) in
people with T2D with a history of depression or suicide attempts.

« Overall, based on these data, GLP-1RA might provide more protection for
the risk of suicide attempts compared to DPP-4i in people with T2D.
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Email: dr.nassar@aucegypt.edu Methods: This retrospective cohort study utilized TriNetX, a federated net-
work of real-world data. Using the Global Collaborative Network data, we col-
lected electronic medical records from 113 health care organizations with
135 million patient records with 8 million with T2D, 83% from the
United States. The four cohorts were identified based on age, medication, diag-
nosis, and presence of depression or suicide attempts. Analytic methods
included measures of association and number of Instances, with propensity
score matching employed to mitigate potential confounders. The primary out-
come was the incidence of suicide attempts among people with T2D with GLP-
1RA treatment in comparison with dipeptidyl peptidase-4 inhibitor (DPP-4i)
treatment.

Results: People with T2D treated with GLP-1RA consistently exhibited a
lower risk of suicide attempts compared to those treated with DPP-4i. This was
particularly significant in people with a history of depression or suicide
attempts. The risk and odds ratios were significantly lower in the GLP-1RA-
treated cohorts than in DPP-4i across all analyses.

Conclusion: As compared with DPP-4i, our analysis shows a protective effect
associated with GLP-1RA treatment on the risk of suicide attempts among
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1 | INTRODUCTION

The advent of glucagon-like peptide-1 receptor agonists
(GLP-1RA) has marked a significant advancement in the
treatment of type 2 diabetes (T2D), offering not just gly-
cemic control but also benefits in weight loss and cardio-
vascular risk reduction.'” However, the safety profile of
these agents has come under scrutiny. Concerns have
been heightened by reports of rare yet severe psychiatric
adverse events, including suicide and self-injury, poten-
tially linked to GLP-1RA treatments such as liraglutide
and semaglutide, as indicated by warnings from health
authorities like the Icelandic Medicines Agency.”” An
analysis of a subgroup within the Food and Drug Admin-
istration (FDA) Adverse Event Reporting System
(FAERS) database showed a slight increase in the report-
ing odds ratio (ROR) for suicide and self-injury in chil-
dren who were taking GLP-1RA (ROR: 2.50, 95%
confidence interval [CI] 1.02-6.13, p = .05).° Randomized
controlled trials of semaglutide 2.4 mg weekly for obesity
excluded persons with severe depression, but approxi-
mately 15% of persons enrolled in these studies were trea-
ted with antidepressants without evidence of a greater
likelihood of adverse outcomes." Randomized controlled
trials of liraglutide 3.0 mg daily for obesity similarly did
not show an increase in the likelihood of depression or
suicidality." The European Medicines Agency (EMA) is
currently investigating the potential correlation between
GLP-1RA and the increased likelihood of experiencing
suicidal thoughts and engaging in self-harming behav-
iors.” Also, the FDA is currently assessing the necessity
of regulatory measures following the receipt of reports in
its FDA FAERS regarding alopecia (hair loss), aspiration,
and suicidal ideation among individuals using GLP-
1RA. It is noteworthy that concerns have been raised
pertaining to the potential adverse psychiatric effects of
bariatric surgery. Some studies have shown increased
depression and suicide risk.'® Although other studies
suggest the opposite may occur,’ with there being a
potential for overall improvement in depression, a subset
of persons show worsening, leading to suicidal behavior
after these procedures.” As yet, there is no firm conclu-
sion on this issue. It is therefore important to determine

people with T2D. However, further research, particularly prospective and ran-
domized studies, is necessary to confirm these observations and understand
the underlying mechanisms.

comparative analysis, depression, diabetes mellitus, DPP-4 inhibitors, GLP-1RA,
retrospective cohort study, suicide attempts

whether real-world evidence does or does not suggest
that GLP-1RA treatment of people with diabetes is associ-
ated with a greater risk of suicide.

2 | METHODS

In this retrospective cohort study, data were sourced from
the TriNetX Global Collaborative Network data, encom-
passing electronic medical records from 113 health care
organizations with 135 million patient records. The data-
base contains around 8 million individuals diagnosed
with T2D, with over 83% residing in locations inside the
United States. TriNetX is a global health research net-
work that revolutionizes drug discovery and development
by linking pharmaceutical companies, study sites, investi-
gators, and people through a shared real-world data plat-
form (http://www.trinetx.com). It facilitates clinical and
observational research by providing real-time access to
longitudinal clinical data and advanced analytics to
enhance protocol design, site selection, and patient
recruitment. Ensuring data privacy and compliance, Tri-
NetX adheres to the Health Insurance Portability and
Accountability Act and General Data Protection
Regulation.

The overarching aim was to examine the impact of
GLP-1RA on suicide attempts among people diagnosed
with T2D, specifically examining those with concurrent
diagnoses of depression or suicide attempts to ascertain
whether there was an adverse effect of GLP-1RA.

This study exclusively involved individuals aged
18 and older diagnosed with T2D. Our analysis was seg-
mented into two distinct parts, comprising four cohorts,
differentiated based on the use of GLP-1RA compared to
dipeptidyl peptidase-4 inhibitors (DPP-4i) and the
assessed risk level. DPP-4i was selected as a comparable
group because both are incretin-based therapies. High-
risk individuals were identified as those with a history of
suicide attempts, antidepressant medication use, or diag-
noses of mood disorders such as dysthymic disorder or
major depressive disorder, or those who had received
treatments with selective serotonin reuptake inhibitors,
nonselective monoamine reuptake inhibitors, tricyclic
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antidepressants, or monoamine oxidase inhibitors 5 years
before the index event, which is starting either GLP-1RA
or DPP-4i.

We conducted two comparative analyses across these
four cohorts, utilizing specific inclusion criteria encom-
passing age, medication, and potential psychological fac-
tors. This study examines the incidence of suicide
attempts within 5 years following the initiation of GLP-
1RA or DPP-4i treatment.

1. Cohort 1 and 2: The first analysis evaluated the risk of
suicide attempts in all people with T2D, comparing
those treated with GLP-1RA (Cohort 1, 566 645 peo-
ple) against those treated with DPP-4i (Cohort
2, 602 734 people).

2. Cohort 3 and 4: The second analysis targeted high-risk
people, with Cohort 3 comprising 191 523 people with
T2D on GLP-1RA treatment and Cohort 4 comprising
112 487 people with T2D on DPP-4i treatment.

The analytical procedure involved two main steps:
first, establishing the cohorts by selecting individuals
who were at least 18 years old, had a history of T2D and
were taking GLP-1RA for GLP-1RA cohorts and DPP-4i
for DPP-4i for DPP-4i cohorts second, excluding individ-
uals with age <18 years and who were taking DPP-4i
treatment in GLP-RA cohorts and GLP-1RA treatment in
DPP-4i cohorts. In order to guarantee precision and perti-
nence during the analysis, it was necessary to establish
explicit definitions for the index event, outcome criteria,
and time frame.

The index event for each cohort, which serves as the
starting point for the analysis, is defined by the initial
date of GLP-1RA or DPP-4i treatment. Observations of
outcomes began a day after the first occurrence of the
index event and continued for 5 years after the index
event. A total of 177 people from Cohort 1 and 274 people
from Cohort 2 were excluded because they had a suicide
attempt more than 5 years before the index event.

To gauge the relative frequency of suicide events with
GLP-1RA vs DPP-4i, the risk difference per 100 000 per-
sons and the ORs were calculated, both with 95% CIs. To
mitigate potential confounders and biases, propensity
score matching was employed based on patient character-
istics like age, race, gender, depression-related diagnosis,
and use of antidepressant medications to create compara-
ble groups for a balanced comparison. Outcomes were
meticulously defined using a range of diagnostic and
medication codes, focusing particularly on suicide
attempts and the use of GLP-1RA or DPP-4i.

Ethical considerations were paramount, with all data
handling and analyses conducted in compliance with rel-
evant standards and regulations. Despite the study's

retrospective nature and the use of deidentified data
negating the need for specific patient consent, an appro-
priate ethics committee rigorously reviewed and
approved the study's design and methods. This ensured
adherence to ethical research principles and alignment
with guidelines for secondary data analysis, reflecting the
study's commitment to upholding ethical standards while
contributing valuable insights into the treatment and
management of T2D.

3 | RESULTS

In the present study, we conducted a comprehensive
comparative analysis of patient characteristics across dif-
ferent cohorts of people with T2D receiving GLP-RA and
DPP-4i. The cohorts were divided based on their treat-
ment regimens and depression risk characteristics.

Initially, Cohort 1 (T2D with GLP-RA) and Cohort
2 (T2D with DPP-4i) comprised 566 647 and 602 734 peo-
ple, respectively. After propensity score matching, both
cohorts were balanced with 373 218 people each, allow-
ing for a more accurate comparison of demographic vari-
ables such as age, race, and gender. The same process
was applied to Cohorts 3 and 4 (groups at high-risk of
suicide), which comprised 191 523 and 112 487 people,
respectively. After propensity score matching, both
cohorts were balanced with 88 325 people each.

Table 1 presents the results of the patient count and
demographic characteristics before and after propensity
score matching, showing that the procedure resulted in
groups equivalent in age, sex, ethnicity, and
depression-related diagnoses. As compared with DPP-4i,
The GLP-1RA cohort demonstrated fewer suicide
attempts at baseline. As described under “Methods, “177
people were excluded from those taking GLP-1RA, and
274 were excluded from those taking DPP-4i because they
had a suicide attempt more than 5 years before starting
the medication. These differences were statistically signif-
icant (chi-square = 20.9004, p = <.00001).

3.1 | Cohort1 and 2 Analysis: Suicide
Attempts in all People with T2D with GLP-
1RA vs those on DPP-4i Treatment

In the first analysis, we assessed the risk of suicide
attempts among people with T2D treated with GLP-1RA
and those treated with DPP-4i. Cohort 1 (T2D with GLP-
1RA) consisted of 373 041 people, among whom 106 had
a suicide attempt, resulting in a risk of 28.41 per 100 000.
In comparison, Cohort 2 (T2D with DPP-4i) included
372 944 people, with 230 experiencing a suicide attempt,
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TABLE 2 Comparative analysis of suicide attempt risks in people with T2D with GLP-1RA treatment vs DDP-4i.
People Risk Risk difference
Sample with per (95% CI) per p 0Odds ratio
Comparison Cohort size (n) outcome 100 000 100 000 value (95% CI)
T2D with GLP1-RAvs T2D 1: T2D w 373 041 106 28.41 —33(—43, —24) <.001  0.461 (0.366, 0.58)
with DPP-4i GLP-
1RA
2: T2D 372 944 230 61.67
with
DPP-4i
T2D with GLP1-RA vs T2D  3: T2D 88 325 68 76.98 —127 (—162, —92) <.001  0.377 (0.285, 0.499)
with DPP-4i (including with
only people with a GLP-
history of depression or 1RA
aulerdle sifiergis) 4:T2D 88325 180 203.79
with
DPP-4i

Abbreviations: CI, confidence interval; df, degrees of freedom; DPP-4i, dipeptidyl peptidase-4 inhibitors; GLP-1RA, glucagon-like peptide-1 receptor agonists; n,

sample size; T2D, type 2 diabetes.

for a risk of 61.67 per 100 000. The risk difference
between the two cohorts was significant at —33 (95% CL:
—43, —24) per 100 000 with an OR for those with GLP-
1RA vs DPP-4i treatment of 0.461 (95% CI: 0.366, 0.58),
p < .001 (Table 2).

3.2 | Cohort 3 and 4 Analysis: Suicide
Attempts in People with T2D with GLP-
1RA Treatment vs DPP-4i (including only
people with high-risk depression/

suicide risk)

This analysis focused on people identified as high-risk
risk (with a history of depression or suicide attempts).
Cohort 3 (T2D with GLP-1RA) included 88 325 people,
with 68 suicide attempts, equating to a risk of 76.98 per
100 000, and Cohort 4 (T2D with DPP-4i) consisted of
88 623 people, with 176 suicide attempts, presenting a
higher risk of 203.79 per 100 000. The risk difference was
—127 (95% CI: —162, —92) per 100 000 with a p value of
<.001. The OR for those with GLP-1RA vs DPP-4i treat-
ment was 0.377 (95% CI: 0.285, 0.499) (Table 2).

4 | DISCUSSION

In this population-based study involving a large number
of participants with T2D, those treated with GLP-1RA
exhibited a consistently lower risk of suicide attempts
compared to those treated with a DPP-4i. The high-risk
group of individuals with a history of depression or sui-
cide attempts showed the same outcome. The risk ratios

and ORs were significantly lower in the GLP-1RA treated
cohorts across all analyses, strengthening the argument
that there is no adverse effect of GLP-1RA treatment in
increasing suicide attempts among the diabetic
population.

The relationship between GLP-1RAs and mental
health is complex. Studies have reported a range of expe-
riences from people using GLP-1RAs, including both pos-
itive effects on mood and negative experiences such as
heightened anxiety and difficulty sleeping.® Real-world
pharmacovigilance analysis has not shown a dispropor-
tionate increase in suicide/self-injury events overall asso-
ciated with GLP-1RAs, but nuances exist, with a reported
increase in children (OR: 2.50, 95%CI 1.02-6.13,
p = .05).° Moreover, post hoc pooled data analysis from
randomized controlled trials of liraglutide, a GLP-1RA,
showed similarly low rates of depression and anxiety
between the liraglutide and placebo groups but did reveal
a small numerical imbalance in suicidal ideation among
liraglutide users.* Based on information from the
Icelandic Medicines Agency, the EMA is conducting a
thorough examination that will study approximately
150 cases.” There is some evidence that GLP-1RA can
penetrate the blood-brain barrier,” and GLP-1 receptors
are present in the central nervous system,'® which may
affect hunger signals and elevate neuropsychiatric risks’
or which, alternatively, may have psychiatric as well as
metabolic benefits. After the submission of the present
manuscript, Wang and coworkers published a similar
analysis using the TriNetX database, showing that, com-
pared with a propensity score matched group of 27,276
persons with diabetes taking all other diabetes medica-
tions, among the same number of persons taking GLP-
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1RA for diabetes the likelihood of suicidal ideation was
>60% lower, with similar findings among persons with
obesity not having diabetes taking vs. not taking GLP-
1RA. The present study made the more specific compari-
son of GLP-1RA with DPP-4i, and compared the general
population of persons with diabetes as well as those with
prior history of depression or suicide attempts.™

The study's strengths lie in its large sample size and
the use of a comprehensive global federated health
research network, providing a robust dataset for examin-
ing the effects of GLP-1RA on suicide attempts in diabetic
people. Its detailed stratification of people into specific
cohorts based on their medical history allowed for a
nuanced analysis of the treatment's impact across differ-
ent subgroups, enhancing the relevance and specificity of
the findings. Additionally, using propensity score match-
ing to control for confounders adds to the credibility of
the results.

However, this study has several limitations. Its retro-
spective nature inherently restricts the ability to estab-
lish causality and residual confounding factors may not
be accounted for or measured. People with T2D initiat-
ing GLP-1RA may experience disparate care access com-
pared to DPP-4i users. Our findings indicate a
statistically significant higher incidence of suicide
attempts in patients subsequently prescribed DPP-4i
compared to GLP-1RA, suggesting potential selection
bias despite propensity matching. The reliance on elec-
tronic medical records and diagnostic codes may lead to
misclassification or underreporting of outcomes like sui-
cide attempts. Access to GLP-1RA in the United States
often has a high-cost barrier, whereas the DPP-4i have
become much less expensive, a potential cause of selec-
tion bias. The study's setting within a specific network
of health care organizations might limit the generaliz-
ability of the findings to broader populations. Further-
more, although the data were adjusted for several
known confounders, unknown or unmeasured variables
could still influence the results. The study did not con-
sider other factors that might be related to suicide, such
as blood glucose control levels and episodes of hypogly-
cemia, family history of suicide, and socioeconomic sta-
tus. Lastly, the observational design cannot match the
rigor of randomized controlled trials in determining
treatment efficacy and safety, making it crucial to
approach the conclusions to understand these contex-
tual limitations.

5 | CONCLUSION

This retrospective cohort study showed no evidence of
an adverse effect of GLP-1RA in increasing the risk of

suicide attempts among people with T2D, especially
those with a history of depression or suicide attempts.
Analysis across various patient subgroups consistently
showed that those treated with GLP-1RA had signifi-
cantly lower risk and fewer instances of suicide attempts
compared to those treated with DPP-4i. This study
argues strongly against there being a potential for GLP-
1RA to cause an increase in suicide risk. These findings
require further investigation to more fully understand
the underlying mechanisms and broader clinical
implications.
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