
Review

Glucagon-like peptide-1 medicines 
in neurological and psychiatric disorders

Susanna Fang,1,4 Fiona Cui,1,4 and Daniel J. Drucker1,2,3,*
1Department of Laboratory Medicine and Pathobiology, University of Toronto, Toronto, ON, Canada
2Department of Medicine, University of Toronto, Toronto, ON, Canada
3Lunenfeld-Tanenbaum Research Institute, Mt. Sinai Hospital, 600 University Avenue, Toronto, Ontario M5G1X5, Canada
4These authors contributed equally

*Correspondence: drucker@lunenfeld.ca

https://doi.org/10.1016/j.xcrm.2025.102511

SUMMARY

Glucagon-like peptide-1 (GLP-1) medicines are used for the treatment of type 2 diabetes (T2D) and obesity 

and reduce rates of cardiovascular disease, including stroke, in people with T2D. Substantial evidence from 

real-world data and clinical trials highlights the therapeutic potential of GLP-1 medicines for the treatment of 

neurodegenerative disorders such as Parkinson’s and Alzheimer’s diseases. Similarly, there is growing evi

dence for the potential utility of using GLP-1 medicines to reduce rates of smoking, or use of alcohol, to

bacco, cannabis, or cocaine in individuals with substance use disorders. More limited clinical data suggest 

utility for GLP-1 medicines in patients with migraine or intracranial hypertension. The available data suggest 

that the use of GLP-1 medicines exhibits an acceptable safety profile in most individuals with neuropsychi

atric disorders. Here, we review recent clinical evidence and ongoing trials exploring the efficacy and safety 

of GLP-1 medicines across a broad range of neurological conditions.

INTRODUCTION

Glucagon-like peptide-1 (GLP-1) medicines, herein defined as 

drugs that mediate their action wholly or in part through activa

tion of the GLP-1 receptor (GLP-1R), are approved for the treat

ment of type 2 diabetes (T2D), obesity, associated cardiovascu

lar and kidney disease, and metabolic liver disease.1 These 

agents act on GLP-1Rs in the periphery to increase insulin and 

inhibit glucagon secretion and in the brain to slow gastric 

emptying and suppress appetite, leading to weight loss.2 Sema

glutide is also approved for reduction of cardiovascular and kid

ney disease in people with T2D and obesity and for the treatment 

of metabolic dysfunction-associated steatohepatitis.3 The 

GLP-1 medicine tirzepatide activates both the GLP-1R and the 

glucose-dependent insulinotropic polypeptide (GIP) receptor 

(GIPR) and is also approved for T2D, obesity, and obstructive 

sleep apnea.3

DIRECT AND INDIRECT COMMUNICATION WITH THE 

BRAIN

Considerable preclinical and clinical data support the potential 

therapeutic benefit of these drugs for a wide range of neurolog

ical disorders. Although GLP-1 medicines do not efficiently cross 

the blood-brain barrier (BBB), both small peptides and larger 

high-molecular-weight GLP-1 medicines localize to circumven

tricular organs including the subfornical organ, vascular organ 

of the lamina terminalis, median eminence, and area post

rema.4–6 Indeed, very low levels of GLP-1 medicines are de

tected in human cerebrospinal fluid (CSF),7 with levels of CSF ex

enatide 100-fold lower than levels detected in the circulation.8

Despite limited penetration of GLP-1 medicines within the brain, 

GLP-1 medicines activate neuronal cFos expression in multiple 

brain regions, even within nuclei that do not express GLP-1R 

or or GIPR.4,5 Similarly, functional magnetic resonance imaging 

(fMRI) studies reveal that regions of the brain such as the hypo

thalamus and parietal cortex are activated by GLP-1 medicines 

in humans with T2D or obesity. Reduced functional activation 

of the fusiform gyrus and lateral ventricle has been seen in obese 

vs. lean individuals with T2D in response to acute administration 

of GLP-1 medicines such as lixisenatide.9 Hence, despite limita

tions in directly accessing structures beyond the BBB, peripher

ally administered GLP-1 medicines effectively communicate 

with multiple regions in the central nervous system (CNS), 

through mechanisms requiring the GLP-1R.10 Here, we provide 

some preclinical data on how GLP-1 medicines interact with 

and ameliorate CNS pathology, while summarizing the clinical 

data interrogating the actions of GLP-1 medicines in neurode

generative disorders, substance use disorders (SUDs), psychiat

ric disorders, headache, stroke, and seizure disorders.

GLP-1 MEDICINES IN NEURODEGENERATIVE 

DISEASES

Extensive preclinical evidence illustrates the anti-inflammatory 

and neuroprotective properties of GLP-1 medicines across mul

tiple models of neurodegenerative disease, particularly Alz

heimer’s disease (AD) and Parkinson’s disease (PD).11,12 These 
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conditions share some common pathophysiological features 

such as chronic neuroinflammation, synaptic dysfunction, and 

progressive neuronal loss. GLP-1 medicines mitigate some 

overlapping CNS pathways through a set of actions beyond their 

well-established peripheral metabolic effects. Experimental evi

dence in rats and mice highlights the neuroprotective potential of 

GLP-1 medicines, primarily through anti-inflammatory and cyto

protective mechanisms13 and via metabolic improvements in the 

CNS (Figure 1).

AD is typically studied using transgenic mouse models that 

partially recapitulate features of human AD, including amyloid 

deposition, neuronal degeneration, and cognitive decline.14

GLP-1 medicines attenuate glial activation, reduce amyloid pla

que, and preserve neuronal structure and density, while 

improving performance in tasks associated with cognitive func

tion.15,16 Similarly, in animal models of PD, GLP-1 medicines 

including exenatide, liraglutide, and semaglutide suppress as

trocytic and microglial activation, lower pro-inflammatory cyto

kine levels in the brain, and reduce oxidative stress, while 

improving motor performance and dopaminergic neuron sur

vival.17 GLP-1 medicines also reduce α-synuclein aggregation, 

increase levels of neurotrophic factors such as glial cell line- 

derived neurotrophic factor, and inhibit apoptotic signaling,18–20

actions collectively supporting neuronal survival and mainte

nance of synaptic integrity. Notably, benefits ensuing from 

GLP-1R activation extend beyond motor improvements and 

encompass restoration of spatial learning and memory.21

Several studies suggest that the neuroprotective actions of 

GLP-1 medicines may also be mediated by improvements in 

brain insulin resistance and glucose metabolism, in part through 

restoration of impairments in insulin receptor substrate 1 phos

phorylation,22 effectively re-establishing functional central insu

lin signaling, although the data linking GLP-1 action to central in

sulin signaling are limited. Despite differing pathological 

progressions in the development of AD and PD, GLP-1 medi

cines generally reduce central inflammation, improve metabolic 

function, and support neuronal health in most but not all preclin

ical studies.23

REAL-WORLD DATA

Real-world analyses support an association between the use of 

GLP-1 medicines and a reduced risk for dementia in people with 

T2D. A pooled analysis of three major cardiovascular outcome 

trials (CVOTs) studying 15,820 patients with T2D treated with lir

aglutide or semaglutide reported a significantly lower hazard ra

tio ([HR] = 0.47) for subsequent dementia diagnosis compared to 

placebo, over a median follow-up of 3.61 years.24 A reduction in 

the risk of dementia (HR = 0.89) among patients treated with 

GLP-1 medicines was also observed in a Danish registry of 

120,054 patients across a 7.4-year median follow-up period.24

Similarly, analysis of Sweden’s national healthcare data 

(n = 88,381) revealed a 54% reduction in dementia risk among 

patients treated with GLP-1 medicines (n = 12,351), with a 

31% and 23% lower risk of dementia for treatment with GLP-1 

medicines vs. dipeptidylpeptidase-4 (DPP-4) inhibitors or sulfo

nylureas, respectively.25 Although rates of dementia are low in 

cardiovascular outcome trials, a meta-analysis of 26 randomized 

controlled trials (RCTs) (n = 164,531) found that GLP-1 medi

cines, but not sodium glucose transport protein 2 (SGLT2) inhib

itors, were associated with a lower risk of dementia.26 A large- 

scale emulated trial conducted in the United States using a 

national healthcare database of over 1 million records reported 

that semaglutide use was associated with a reduction in the 

risk of first-time AD diagnosis over a 3-year follow-up period 

compared to the use of other glucose-lowering medications, 

including other GLP-1 medicines.27 Consistent with these find

ings, a large global retrospective cohort study involving over 5 

million individuals with obesity across 17 countries supported 

the neuroprotective potential of semaglutide in people with 

obesity, revealing reduced rates of AD (relative risk [RR] of 

0.627), Lewy body dementia (RR of 0.59), vascular dementia 

(RR of 0.438), and PD (RR of 0.574).28

The impact of GLP-1 medicines on incident PD in real-world 

data is less consistent A case-control study using data from 

the Finnish patient register (n = 2,017 cases and 7,934 controls) 

found no significant association between exposure to GLP-1 

medicines and the diagnosis of PD.29 In contrast, a cohort study 

of people with T2D from 1999 to 2018 (n = 86,229) showed that 

GLP-1 medicines reduce the risk of PD when compared to met

formin (HR = 0.54).30 Similarly, analysis of US Medicare claims 

data from 2016 to 2020 (n = 89,074) found a decreased risk of 

PD in patients with T2D receiving GLP-1 medicines compared 

to those on DPP-4 inhibitors (HR = 0.77).31 The observational na

ture of these retrospective analyses report intriguing associa

tions that require RCTs to determine whether GLP-1 medicines 

can prospectively modify the course of neurodegenerative 

diseases.

CLINICAL TRIALS

Alzheimer’s disease

Several clinical trials have been conducted to evaluate the effect 

of GLP-1 medicines in AD and PD (Figure 2). In 2013, a clinical 

study (NCT01469351) evaluated 38 individuals without T2D 

with established mild AD, randomized to placebo or liraglutide 

(1.8 mg daily [qd]) over a 26-week period. Although this pilot 

study was underpowered to detect cognitive changes, liraglutide 

preserved brain glucose metabolism relative to placebo as 

shown by fluorodeoxyglucose positron emission tomography 

scans, while amyloid accumulation was not different between 

groups.32 The ELAD study (NCT01843075) assessed 204 partic

ipants with mild to moderate AD randomized to once-daily lira

glutide (up to maximum tolerated doses of 1.2 or 1.8 mg qd) or 

placebo for 12 months.33 Although the study did not meet its pri

mary objective of enhancing brain glucose metabolism, liraglu

tide-treated subjects experienced reduced brain volume loss 

and slower cognitive decline.34

The EVOKE (NCT04777396) and EVOKE+ (NCT04777409) tri

als evaluate oral semaglutide up to 14 mg qd vs. placebo over 

156 weeks in more than 3,600 male and female participants 

aged 55–85 years with early-stage AD or mild cognitive impair

ment (MCI). Enrollment criteria include MCI or mild dementia 

due to AD with confirmed amyloid abnormalities by imaging or 

CSF biomarker analysis for Aβ1–42 or CSF Aβ1–42/Aβ1–40. 

EVOKE+ also permitted enrollment of patients with concomitant 
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small-vessel cerebrovascular disease. These primary endpoint 

assessed whether semaglutide could delay functional decline, 

as measured by the Clinical Dementia Rating scale after 

104 weeks of treatment.35 A biomarker sub-study was also 

included to monitor the impact of semaglutide on neuroinflam

mation and pathological protein aggregation to explore more 

mechanistic insights.35

Although semaglutide-treated subjects exhibited improve

ments in AD-related biomarkers, semaglutide was not superior 

to placebo in reducing rates of progression of AD in either 

of the EVOKE trials (https://www.novonordisk.com/content/ 

nncorp/global/en/news-and-media/news-and-ir-materials/news- 

details.html?id=916462). The LIGHT-MCI study (NCT03113529) 

is investigating the effects of liraglutide, empagliflozin, and lina

gliptin (n = 132 per arm) on both cognition and olfactory functions 

in individuals with T2D and MCI over 48 weeks. The ISAP trial 

(ISRCTN71283871) is assessing whether oral semaglutide (up 

to 14 mg qd) over a 52-week treatment period can mitigate tau 

deposition and neuroinflammatory responses in individuals at 

risk for preclinical AD.36 Meanwhile, the OxSENSE trial 

(NCT06363487) is taking a different approach by investigating 

the immediate impact of a single semaglutide dose 0.5 mg sub

cutaneously (s.c.) on cognitive performance in healthy adults. 

Collectively, these studies will extend our understanding of 

whether GLP-1 medicines represent useful medicines to slow 

down or prevent cognitive decline and neurodegenerative dis

ease progression at different stages of the disease process.

Parkinson’s disease

Clinical exploration into the application of GLP-1 medicines in 

PD began in 2013 with an open-label pilot study 

(NCT01174810), which tested exenatide 10 μg twice daily in 45 

patients with moderate PD over a 1-year period. Notable im

provements in motor function, as assessed by part III of the 

Movement Disorder Society-Unified Parkinson’s Disease Rating 

Scale (MDS-UPDRS) were detected in the exenatide-treated 

group relative to non-treated controls.37 A subsequent 

double-blind phase 2 study conducted in 2016 evaluated the ef

fects of exenatide 2 mg weekly (qw) in 60 participants with PD 

(NCT01971242). Patients receiving exenatide maintained more 

stable motor function during off-medication periods, in contrast 

to progressive motor deterioration observed in the placebo 

group.38 A preliminary analysis of a trial investigating daily lira

glutide administration in 63 PD patients (NCT02953665) reported 

improvements in motor outcomes over 54 weeks and enhance

ments in cognitive performance and activities of daily living.39

The long-acting exenatide derivative NLY01 was evaluated in 

a 36-week trial involving 255 individuals with early-stage, un

treated PD (NCT04154072). Although no significant clinical dif

ferences were observed in the overall cohort treated with 

NLY01 vs. placebo, post hoc analyses indicated a more 

favorable response in younger NLY01-treated participants, sug

gesting that age may influence therapeutic efficacy.40 Daily lixi

senatide was evaluated for a 1-year period in 156 patients with 

early-stage PD in the LixiPark study (NCT3439943). Motor 

Figure 1. Potential mechanisms underlying the neuroprotective properties of GLP-1R agonists 

Preclinical studies demonstrate the ability of GLP-1 medicines to improve central and peripheral glucose metabolism, reduce oxidative stress and neuro

inflammation, reduce plaque load, and directly preserve and improve neuronal health. Arrows illustrate the direction of the effect observed with GLP-1 medicines.
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symptoms remained relatively stable in the treatment group, 

while the placebo group experienced progressive decline. 

Notably, these effects appeared to persist beyond the treatment 

period, raising the possibility of disease-modifying properties of 

GLP-1 medicines.41 The exenatide-PD3 trial, the largest and 

longest trial to date, studied 198 early-stage PD patients over 

96 weeks to evaluate once-weekly exenatide (NCT04232969). 

This trial did not show meaningful improvements in either motor 

or non-motor outcomes, or evidence of delayed disease pro

gression in patients randomized to exenatide.8

Improvements in MDS-UPDRS part III motor scores across 

multiple PD trials suggest that GLP-1 medicines may alleviate 

motor symptoms, even during off-medication states. Some 

studies also reported cognitive benefits, pointing to the potential 

for broader neuroprotection. However, the lack of consistent 

findings, especially from two large trials, highlights uncertainties 

surrounding the magnitude of efficacy, emphasizing the need for 

better understanding of potentially responsive patient sub

groups and how GLP-1 medicines interact with the underlying 

biological mechanisms.

OTHER NEURODEGENERATIVE DISORDERS

Emerging clinical data suggest the safety and some potential 

benefits of GLP-1 medicines in patients with multiple sclerosis 

(MS), although the data are limited. In a retrospective study 

with an average follow-up of 24.2 months, GLP-1 medicines 

were well-tolerated in 49 patients with MS, obesity, and features 

of the metabolic syndrome when used for achievement of weight 

loss.42 A retrospective analysis of 60 patients with MS who 

received GLP-1 medicines reported minimal adverse events 

and no indication of worsened MS progression with significant 

weight loss observed in MS patients when compared to pla

cebo.43 In a prospective study, 12 months of once-weekly dula

glutide treatment preserved endothelial function in 13 MS pa

tients, whereas parameters of endothelial function worsened in 

control subjects with MS, findings independent of changes in 

body weight.44 These small studies support the safety profile 

and metabolic benefits of GLP-1 medicines in MS. However, 

larger RCTs are needed to investigate whether GLP-1 medicines 

alter neurological outcomes in patients with MS.

An open-label trial (n = 50, 1:1) assessing exenatide 2 mg qw 

(once weekly) vs. placebo in patients with multisystem atrophy 

found that the Unified Multiple System Atrophy Rating Scale 

(UMSARS) parts I + II combined score worsened by 6.1 points 

(95% confidence interval [CI]: 3.0 to 9.3, SD = 6.9) in the exena

tide group compared to a reduction of 13.3 points (95% CI: 9.2 to 

17.3, SD = 9.4) in the control group over 48 weeks, with an 

adjusted mean difference of − 7.4 points (− 11.3 to − 3.6, p = 

0.0003). Nevertheless, biomarker analyses such as neurofila

ment light chain and CSF alpha-synuclein oligomer load, as 

well as imaging and sensor-derived gait measures, were not 

different between groups; hence the therapeutic activity of exe

natide in this trial remains unclear.45

GLP-1 MEDICINES IN SUDs

Pharmacological interventions for SUDs encompassing alcohol, 

cocaine (and other stimulants), opioids, and nicotine are often 

limited in effectiveness.46,47 Considerable evidence suggests 

Figure 2. Clinical trials in neurodegenerative disorders 

A timeline and results of clinical trials evaluating the effectiveness of GLP-1R agonists in treating Alzheimer’s and Parkinson’s diseases. tx=treatment;
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that GLP-1 medicines may reduce the rewarding effects of 

several addictive substances in rodent models of SUD and in hu

mans,48 reflecting actions of GLP-1 to modulate the mesolimbic 

system. Notably, GLP-1R is expressed in key areas of the mes

olimbic system such as the ventral tegmental area, nucleus ac

cumbens, and laterodorsal tegmental nucleus,49–51 consistent 

with their regulation of neurobiological mechanisms that underlie 

the SUDs.

Alcohol use disorder

Alcohol use disorder (AUD) is a condition characterized by the 

inability to control alcohol intake. While three medications are 

Food and Drug Administration (FDA)-approved for treating 

adults with AUD, incomplete responses are common,52 warrant

ing the development of new therapeutics. GLP1R SNPs are 

associated with AUD in Caucasian and African American sub

jects, with an association between rs6923761 and AUD 

observed in an independent cohort of male subjects.53 Evidence 

from observational studies and clinical trials suggests that 

GLP-1 medicines may be effective in treating AUD. A Danish 

nationwide cohort study of users of GLP-1 medicines 

(n = 38,454) and DPP4 inhibitors (n = 49,222), median follow- 

up of 4.1 years identified 649 subjects with an alcohol-related 

event such as an AUD diagnosis. Patients treated with GLP-1 

medicines had a lower risk of alcohol-related events compared 

to individuals administered DPP4 inhibitors54 with greater evi

dence for benefit during the first 3 months of treatment. An 

observational study from January 2006 to December 2023 as

sessed 227,866 individuals with AUD in Sweden. Over a mean 

follow-up period of 8.8 years, 133,210 persons experienced 

AUD-related hospitalization.55 Both semaglutide and liraglutide 

use were associated with lower rates of SUD- and AUD-related 

hospitalization. Consistent with these findings, in a secondary 

analysis of an RCT investigating whether dulaglutide improved 

abstinence from alcohol during smoking cessation (n = 151), du

laglutide (1.5 mg s.c. once weekly for 12 weeks)-treated subjects 

drank less alcohol, irrespective of smoking status.56 An RCT 

conducted on AUD patients (n = 127) found that exenatide 

(2 mg s.c. once weekly for 26 weeks) did not reduce the number 

of heavy drinking days.57 However, fMRI scans (n = 17) revealed 

that exenatide reduced alcohol cue reactivity in the ventral stria

tum, which plays a role in addiction and relapse.57 In an RCT (n = 

48), semaglutide titrated once weekly to a final dose of 1 mg at 

week 9, reduced the number of drinks per drinking day and 

weekly alcohol craving compared to placebo-treated subjects.58

A nationwide retrospective cohort study using TriNetX data 

found that patients with obesity and no prior history of AUD 

treated with semaglutide (n = 26,566) had a lower risk of AUD 

diagnosis (0.37% vs. 0.73%; HR: 0.50, 95% CI: 0.39–0.63) 

compared to patients not treated with GLP-1 medications 

(n = 26,566) over 12 months, findings consistent across gender, 

age, race, and presence or absence of T2D.59

In patients with obesity and history of AUD (n = 1,051 or 715), 

semaglutide reduced the risk of recurrent AUD diagnosis 

compared to use of non-GLP-1 anti-obesity medications 

(n = 1,051; 22.6% vs. 43.0%; HR: 0.44, 95% CI: 0.38–0.52) 

and naltrexone or topiramate (n = 715; 21.5% vs. 59.9%; HR: 

0.25, 95% CI: 0.21–0.30) over 12 months, findings consistent 

in patients with T2D. Notably, the lower risk of incident and 

recurrent AUD persisted over 3 years.59 Several clinical trials 

are underway to evaluate the use of GLP-1 medicines for 

reducing alcohol intake in patients with AUD (NCT06015893, 

NCT05891587, and NCT05892432) and AUD with comorbid 

obesity (NCT05895643). The available data to date are intriguing, 

yet the therapeutic efficacy requires confirmation in much larger 

longer trials. Interestingly, given the therapeutic benefit of GLP-1 

medicines in metabolic liver disease,60,61 semaglutide 

(NCT06409130), tirzepatide (NCT07046819), and pemvidutide 

(NCT07009860) are being evaluated in people with alcohol-asso

ciated liver disease.

Cocaine use disorder

There are currently no FDA-approved drugs to treat cocaine use 

disorder (CUD), but preclinical studies suggest that GLP-1 med

icines modify neurochemical pathways and addictive behaviors 

associated with cocaine use.62 A pilot study in mainly African 

American men with CUD (n = 13) found that a 3-hour pretreat

ment with exenatide (5 μg; s.c.) did not affect the number of 

self-administered cocaine infusions, feelings of euphoria, or 

cocaine craving compared to placebo.63 Ongoing studies are 

investigating the use of repeated doses of longer-acting exena

tide (2 mg weekly for 6 weeks; NCT06252623) or semaglutide (up 

to 2 mg weekly for 16 weeks; NCT06691243) in CUD.

OTHER SUDs

Several studies have interrogated the role of GLP-1 medicines on 

smoking cessation. In target trial emulations using TriNetX data 

from T2D patients, semaglutide users (n = 5,967; propensity- 

score matched 1:1) had a lower risk of medical encounters for to

bacco use disorders (TUDs) and reduced prescriptions for both 

smoking cessation medication and smoking cessation counseling 

compared to users of other glucose-lowering medications, effects 

observed in patients with and without obesity.64 Moreover, the ef

fect of semaglutide on reducing cumulative incidence of medical 

encounters for TUD was the strongest within the first 30 days, 

with continued modest divergence over 12 months. Exenatide 

(2 mg, once weekly) for 6 weeks was studied together with nico

tine replacement therapy in prediabetic and/or overweight smok

ing subjects (n = 84). Exenatide qw reduced end-of-treatment 

craving and increased rates of smoking abstinence, together 

with a reduction in post-cessation body weight.65 Once-weekly 

dulaglutide (1.5 mg qw over 12 weeks) or placebo was assessed 

over 12 weeks in 255 adult participants with at least moderate 

cigarette use who wanted to quit smoking. No difference in absti

nence rates was observed after 12 weeks, although post-cessa

tion weight gain was modestly reduced in dulaglutide-treated sub

jects.66 An RCT (NCT05610800) is recruiting patients to 

investigate the effect of exenatide (once weekly 2 mg for 14 weeks) 

compared to vehicle when combined with daily nicotine patches 

and smoking cessation counseling on smoking cessation in predi

abetic and/or overweight smokers.67

A retrospective cohort study evaluated the impact of GLP-1 

medicines compared to other anti-obesity medications (such 

as bupropion, naltrexone, and orlistat) on the incidence and 

recurrence of cannabis use disorder in subjects with obesity 
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and/or T2D in the TriNetX database.68 Semaglutide reduced the 

risk of incident (0.28% vs. 0.48%; HR: 0.56, 95% CI: 0.42–0.75) 

and recurrent (13.0% vs. 20.4%; HR: 0.62, 95% CI: 0.46–0.84) 

cannabis use disorder compared to other anti-obesity medica

tions over 12 months, with the largest effects observed in men, 

Caucasian subjects, and individuals over 55 years of age.68

Semaglutide also reduced the risk of incident (0.21% vs. 

0.48%; HR: 0.40, 95% CI: 0.29–0.56) and recurrent cocaine 

use disorder (13.7% vs. 19.1%; HR: 0.66, 95% CI: 0.42–1.03) 

compared to non-GLP-1 drugs over 12 months, with the stron

gest effects in men, white subjects, and patients over 55 

years old.

GLP-1 MEDICINES IN PSYCHIATRIC DISORDERS

Obesity and diabetes are associated with reduced emotional 

well-being and greater prevalence of psychiatric disorders 

such as major depressive behavior and anxiety disorders. In ro

dents, GLP-1R agonists and DPP4 inhibitors modulate anxiety- 

and depressive-like behavior, which are assessed by standard

ized behavioral tests such as the elevated plus maze and forced 

swim test.69,70 However, modeling of psychiatric disorders in ro

dents for prediction of efficacy in humans remains challenging.71

It is unclear whether GLP-1 medicines affect psychiatric symp

toms independent of the impact of weight loss on psychological 

well-being in clinical trials. Data from the PIONEER 10 RCT in Jap

anese patients with T2D (n = 458) taking once-daily oral semaglu

tide up to 14 mg qd or dulaglutide 0.75 mg qw found reduced anx

iety and less dissatisfaction with semaglutide compared to 

dulaglutide-therapy after 52 weeks.72 In a non-randomized cohort 

study, exenatide-treated subjects with T2D (n = 71) reported 

greater well-being and lower Hospital Anxiety and Depression 

Scale scores compared to matched insulin-treated patients 

(n = 67) after 6 months of therapy.73 Analysis of subjects with 

T2D treated with liraglutide (1.2 mg, n = 245; 1.8 mg, n = 242) or 

glimepiride (8 mg, n = 245) for 52 weeks revealed improved scores 

in health-related quality of life (HRQoL), mental and emotional 

health, psychological well-being, and psychological distress in 

the liraglutide (1.8 mg) vs. the glimepiride-treated group, findings 

associated with improvements in glycemic control and weight 

loss.74 A meta-analysis of RCT data in adults (n = 107,860) with 

overweight/obesity and/or diabetes found that GLP-1 medicines 

did not affect rates of psychiatric adverse events or depressive 

symptoms.75 Rather, patients treated with GLP-1 medicines re

ported higher mental HRQoL (g = 0.15; 95% CI, 0.07 to 0.22; 

p < 0.001) and improvements in emotional eating behavior 

(g = 0.32; 95% CI, 0.11 to 0.54; p = 0.003).

Among 354 Danish patients with schizophrenia initiating treat

ment with glucose-lowering medicines for T2D from 2007 to 

2019, rates of schizophrenia-linked hospitalizations or all-cause 

mortality were not different for subjects treated with GLP-1 med

icines vs. DPP4 inhibitors or SGLT2 inhibitors.76

In a pilot study of patients (n = 17) with major depressive dis

order or bipolar disorder, 4 weeks of liraglutide (up to 1.8 mg/d) in 

addition to existing pharmacotherapy improved results of cogni

tive function tests including the Trail Making Test-B, DSST, 

RAVLT acquisition, Stroop congruent and incongruent, patient- 

rated PDQ, and composite Z score compared to baseline mea

surements.77 A US-based community-based cohort study 

analyzed 11,683,623 adults with obesity from January 2015 to 

December 2023, utilizing the TriNetX database and found that 

the use of liraglutide and semaglutide was associated with 

increased risk of depression, anxiety, and suicidal behavior in 

patients with obesity (n = 162,253). The HR for any psychiatric 

disease was 1.98 (95% CI: 1.94–2.01). For major depressive dis

order, the HR was 2.95 (95% CI: 2.82–3.08), for anxiety 2.08 

(95% CI: 2.04–2.12), and 2.06 for suicidal ideations or at

tempts.78 Notably, female subjects on GLP-1 medicines had a 

higher risk of major depressive disorder (216% elevated risk 

[HR: 3.16, 95% CI 2.98–3.34]) and black patients had the highest 

risk of anxiety (137% elevated risk [HR: 2.37, 95% CI: 2.25–2.50]) 

compared to non-users.78 Rates of suicide in clinical trials for 

T2D or obesity are very low, precluding meaningful assessment 

of risk with GLP-1 medicines. Several real-world analyses have 

examined reporting of suicidal ideation or suicide in patients tak

ing GLP-1 medicines for T2D or obesity. Collectively, the majority 

of these analyses have not revealed evidence for increased 

risk79–83 and some studies suggest the possibility of reduced 

risk of suicidal ideation or behavior.84,85 Nevertheless, the major

ity of clinical trials in these areas are small, exploratory, enroll 

different patients, and use different medicines and endpoints, 

precluding generalization of limited clinical observations to date.

GLP-1 MEDICINES AND STROKE

Multiple preclinical studies demonstrate that GLP-1 medicines 

reduce brain injury and the extent of cognitive deficits, benefits 

largely attributed to protection against BBB deterioration, cyto

protection, and reduction of neuroinflammation and oxidative 

stress13,86,87 (Figure 3). Diabetes is an established risk factor 

for cardiovascular events such as stroke that is evaluated in car

diovascular outcome trials, with non-fatal stroke representing 

one of the three components of major adverse cardiovascular 

events (MACE). Data from RCTs largely support the ability of 

GLP-1 medicines to reduce rates of MACE in people with 

T2D,88 and a single trial demonstrates reduced rates of MACE 

in semaglutide-treated patients with overweight or obesity.89

Rates of non-fatal stroke are reduced in some but not all 

GLP-1 CVOTs, with meta-analyses demonstrating ∼16% reduc

tion in risk of stroke across multiple CVOTs in people with 

T2D.90,91 Mechanistically, some of this benefit may reflect the 

actions of GLP-1 medicines to reduce blood pressure; however, 

contributions from reduction of body weight, inflammation, 

attenuation of atherosclerosis, or inhibition of platelet aggrega

tion cannot be excluded.92 Consistent with RCT data, analysis 

of the TriNetX database reveals that GLP-1 medicines are asso

ciated with a lower risk of stroke (HR: 0.81, 95% CI: 0.70–0.93; 

follow-up of 7 years) in patients with T2D and obesity 

(n = 60,860).93 The impact of GLP-1 medicines on rates of stroke 

in people with obesity is less certain, as rates of stroke were not 

different in people with obesity and established cardiovascular 

disease treated with semaglutide in the SELECT trial.89 The 

available evidence supports a Class 1 recommendation from 

the 2024 guidelines of the American Heart Association for the 

use of GLP-1 medicines to reduce the risk of stroke in people 

with T2D.94
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GLP-1 MEDICINES AND SEIZURE DISORDERS

Loss of Glp1r in mice increased kainic acid-induced seizure 

severity and reduced latency to seizure compared to findings 

in control Glp1r+/+ mice; these defects were rescued by ad

eno-associated virus-mediated Glp1r expression in the hippo

campus, associated with lower cell death, pointing to a role of 

GLP-1 in neuroprotection.13 GLP-1R agonism also reduces the 

severity and increases the latency of seizure in chemically 

induced or pentylenetetrazole kindling rodent models of epi

lepsy.13,95 In comparison, little is known about the effect of 

GLP-1 medicines on seizures in humans. A study analyzing the 

data from the US Department of Veterans Affairs database found 

that male patients with T2D (majority Caucasian males) who initi

ated GLP-1 medicines (n = 215,970) had a lower risk of seizure 

(HR: 0.90, 95% CI: 0.85–0.95) compared to patients who 

continued the use of other glucose-lowering drugs (GLDs) (n = 

1,203,097) over a median of 3.68 years.96 A pooled meta-anal

ysis assessing reports of seizure and epilepsy adverse events 

in cardiovascular or renal outcome trials investigating newer 

glucose-lowering agentss including DPP4 inhibitors, GLP-1 

medicines, and SGLT2 inhibitors found that patients on a newer 

medicine had a lower risk of seizure and epilepsy combined (RR: 

0.76, 95% CI: 0.62–0.95, p = 0.01) with an average follow-up of 

29.2 months (SD: 12.6).97 When assessing seizure and epilepsy 

separately, newer agents significantly lowered the risk of seizure 

(RR = 0.78, 95% CI: 0.60–1.00; p: 0.05) but not epilepsy (RR = 

0.75, 95% CI: 0.51–1.11; p = 0.15). Similarly, subgroup analysis 

revealed that GLP-1 medicines lowered the risk of seizure and 

epilepsy (RR = 0.67, 95% CI: 0.46–0.98; p: 0.034) and seizure 

(RR = 0.60, 95% CI: 0.38–0.94; p: 0.03). Notably, only 182 

(0.19%) patients treated with placebo and 154 (0.015%) patients 

treated with newer glucose-lowering agents had a seizure or ep

ilepsy event, limiting the statistical power of the analysis.97

Headache and benign intracranial hypertension

Clinical trial and real-world data suggest that users of GLP-1 

medicines report a reduction in migraine frequency and severity. 

A prospective study of 31 patients with obesity and treatment- 

resistant migraine administered liraglutide 1.2 mg daily for 

6 months revealed reduced monthly days with headache, find

ings not correlated with reduction in body mass index.98 Analysis 

of TriNetX data reveals that users of GLP-1 medicines with intra

cranial hypertension report significantly lower medication use 

(RR, 0.53; 95% CI, 0.46–0.61; p < 0.001), fewer headaches 

(RR, 0.45; 95% CI, 0.35–0.58; p < 0.001), visual disturbances 

Figure 3. Potential mechanisms of GLP-1-mediated neuroprotection in stroke 

Preclinical studies in rodent models of stroke demonstrate that GLP-1R agonists administered before or after cerebral ischemia can reduce BBB breakdown, 

reduce astrocyte and microglial activation and immune cell infiltration, reduce levels of oxidative stress, and decrease neuronal apoptosis. Arrows illustrate the 

direction of the effect observed with GLP-1 medicines.
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or blindness (RR, 0.60; 95% CI, 0.41–0.88; p = 0.007), and pap

illedema (RR, 0.19; 95% CI, 0.10–0.34; p < 0.001), observations 

that did not correlate with the extent of weight loss.99 These find

ings largely mirror results from a separate independent analysis 

of the same patients in the TriNetX database,100 with both 

studies suggesting a reduction in rates of mortality with use of 

GLP-1 medicines. A 12-week randomized trial evaluated the ef

ficacy of exenatide in 16 adult women with intracranial hyperten

sion, including telemetric intracranial pressure monitoring, 

demonstrating significant and clinically meaningful (− 5.6 ± 

3.0 cm CSF at 12 weeks) reductions in intracranial pressure 

with exenatide.101 An investigator-initiated trial is studying the 

impact of semaglutide over 10 months in patients with new- 

onset intracranial hypertension (NCT06027567).

Conclusions and future directions

While extensive preclinical and real-world evidence supports 

exploration of GLP-1 medicines across a broad range of neuro

psychiatric disorders, there are currently no large definitive P3 

trials enabling approval of GLP-1 medicines for any neurological 

disorder. GLP-1 medicines might improve brain health through 

direct or indirect propagation of signals to relevant CNS circuits 

or by improvement of accompanying metabolic comorbidities 

(T2D, obesity, hypertension, dyslipidemia, central and peripheral 

insulin resistance, and dysregulated inflammation). The EVOKE 

trials provide a sobering reminder of the importance of large ran

domized trials in people with AD, and multiple smaller trials are 

underway in a wide range of SUDs. Hence, the evolving role of 

GLP-1 medicines in the neurology clinic will continue to be 

rapidly shaped by emerging clinical trial data that will provide 

more definitive evidence for potential use and limitations of 

GLP-1 medicines in neuropsychiatric disorders. While enthu

siasm for the therapeutic potential of GLP-1 medicines in CNS 

disorders is widespread, as yet there are no large-phase trials 

demonstrating conclusive efficacy and acceptable safety in the 

evaluation of GLP-1 medicines for any of the neuropsychiatric 

disorders discussed herein.
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