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Learning Objectives 

• Review the impact of metabolic health on the brain 
• Understand the impact of weight loss and glycemic improvement on 

the brain 
• Overview of the pharmacology of GLP-1 therapy 
• Understand the effects of GLP-1 on the brain 
• Review the clinical evidence behind GLP-1 therapy use and cognitive 

outcomes 
• Review evidence behind GLP-1 therapy and substance use disorders 
• Review sub-group analyses of GLP-1 therapy and stroke risk 
• Review data on GLP-1 therapy use and movement disorders 



Clinical Case 
• 57/F with type 1 diabetes of 44 years’ 

duration. Currently using an insulin 
pump for management. No known DM 
complications 

• PMH: Hyperlipidemia 
• Current Meds: Insulin pump, 

atorvastatin, multivitamin 
• Exam: P 60, BP 115/73, BMI 22.9 kg/m2 

• Labs: HbA1C 6.4%, LDL-C 50 mg/dL, 
TSH 1.687 mIU/mL 

• She asked if she should take Ozempic to 
protect against dementia? 



Metabolic Disorders and the Brain 

• CDC reports that 38 million Americans have diabetes (11.6%) 
• Over 100 million Americans live with obesity (40.3%) 
• CDC reports that 11.3% of Americans have Alzheimer’s or mild cognitive 

impairment 
• A meta-analysis of 15 trials showed that diabetes increases the the risk of all 

forms of dementia by 1.7X (95% CI 1.5-1.8) 
• Cohort study of 5 million patients showed that central obesity (measured by 

waist circumference) increased the risk of cognitive impairment or dementia 
1.1X (95% CI 1.05-1.15) 
• HR was 1.13 (95% CI .108-1.19) in age>65 yrs 

Curr Diab Rep 2014;14:487. 
Neurosci Biobehav Rev. 2021 Nov:130:301-313. 



Diabetes and Dementia – Pathophysiology 

Diabetes Metab. 2023 Sep;49(5):101470. 

Hyperinsulinemia and brain insulin resistance 
------, 

• Downregulation of insulin transporters at the BBB 
• In ulin receptor loss by AB oligomer 
• Abnonnal insulin signaling 
• Reducing clearance of AJ3 plaques 

Impaired metabolic hormonal system 
• Hyperglycet ·a - glucose neurotoxicity 
• Accumulatio 1 of glycation end products 
• Oxidative st ess 

l 
Microvascular disease 

l 
Morphologic changes 

1/; 
• Atrophy 

Neuronal 
dysfunction 

and dementia 

Inflammation 
• ammatory cytokine (IL-1~, IL-6, 1NF-a) 
• Endoplasmic reticulum stress 

Hypoglycemia 
Neuronal cell death 
Platelet aggregation and 
fibrinogen fonnation 
Receptor damage 

Amyloid P deposition and Tau Mitochondrial Impaired nigrostrial dopamine 
hyperphosphorylation --◄----► dysfunction --◄1-----► function and nigrostrial 

dopamine depletion 



Obesity and Dementia – Pathophysiology 

NeuroMolecular Medicine (2023) 25:451–456. 

Unhealthy lifestyle factors 
{i.e. poor diet, sedentary ......... 

behaviors 

Excessive Visceral 
Adipose Tissue 

Obesity 

Neuroinflammation 

l 
J. Neurogenesis White Matter Injury 

J. Synaptic Plasticity J. Long Term Potentiation 

Neurodegeneration Cerebral Atrophy 



Impact of Improved Metabolic Health on the Brain 

• Studies of various glucose-lowering agents show that treated patients have 
lower risk of cognitive decline than those untreated 

• Patients with higher HbA1C and plasma glucose are associated with lower 
brain volume and cognitive function than those with lower values 

• One meta-analysis showed that weight loss was associated with an 
increased risk of all dementia (in normal and overweight patients) 

• Another cohort study showed that weight loss in normal weight patients 
resulted in increased dementia risk, but not in those with obesity 

Alzheimers Res Ther. 2024 Dec 23;16(1):272. 
Diabetes Res Clin Pract. 2025 Aug:226:112366. 

Curr Alzheimer Res. 2021;18(2):125-135. 
Alzheimer’s Dement. 2023;19:5471–5481. 



Actions of GLP-1 

Decrease in plasma 
glucose 

Weight reduction 

Adapted from Nat Rev Nephrol 13, 605–628 (2017). 

Non-glycemic benefits 
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Current GLP-1Ra/Dual Agonists 
Chemical 
Name 

Trade Name Available Doses Dosing 
Frequency 

Route of 
Administration 

Pharma Co. 

Exenatide Byetta 5 mcg, 10 mcg Twice Daily SQ AstraZeneca 

Exenatide ER Bydureon, Bydureon BCise 2 mcg Once weekly SQ AstraZeneca 

Lixisenatide* Adlyxin*/Soliqua 10 mcg, 20 mcg Once daily SQ Sanofi 

Liraglutide Victoza/Saxenda/Generic 0.6 mg, 1.2 mg, 1.8 
mg, 3.0 mg 

Once daily SQ Novo Nordisk 

Dulaglutide Trulicity 0.75 mg, 1.5 mg, 3 
mg, 4.5 mg 

Once weekly SQ Eli Lilly 

Semaglutide Ozempic/Wegovy 0.25 mg, 0.5 mg, 1 
mg, (1.7 mg W), 2 
mg, 2.4 mg W) 

Once weekly SQ Novo Nordisk 

Semaglutide Rybelsus 3 mg, 7 mg, 14 mg Once daily PO Novo Nordisk 

Tirzepatide# Mounjaro/Zepbound 2.5 mg, 5 mg, 7.5 mg, 
10 mg, 12.5 mg, 15 
mg 

Once weekly SQ Eli Lilly 



Weight Loss Benefits 

Ther Adv Endocrinol Metab 2021, Vol. 12: 1–15. 

Semaglutide >> Liraglutide > Dulaglutide > Exenatide QW= Exenatide BID = 
Lixisenatide 
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More Potent Agents 

Jastreboff et al. N Engl J Med 2022;387:205-216. Davies et al. Lancet 2021; 397: 971–84 
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Glycemic Efficacy 

Ther Adv Endocrinol Metab 2021, Vol. 12: 1–15. 

Semaglutide > Liraglutide=Dulaglutide > Exenatide QW> Lixisenatide=Exenatide BID 
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Results: More Potent Agents 
Semaglutide 2 mg Tirzepatide 

Lancet Diabetes Endocrinol. 2021 Sep;9(9):563-574. N Engl J Med 2021;385:503-15. 
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Effects of GLP-1 on Cognition 

Diabetes Metab. 2023 Sep;49(5):101470. 

Hyperinsulinemia and brain insulin resistance 

Growth factor 

• Neunute grov.rth 

• Cell repair and replacement 

• i Cells metablism 

• ! Apoptosis 

• 
• 
• 

Amyloid P deposition an Tau 
hyperphosphorylation 

• ! Am loid ~ deposition 

• ! Tau protein hyperphosphorylation 

i Insulin release 
Amplif insulin signaling : i insulin sensitivity 
i IR and IGF-lR expression 

GLP-1 

Mitochondrial 
Dysfunction 

• t Mitochondrial biogene 

Inflammation 
• ! Neuroinflammation (! TNF-a and IL-

1 ~ released by microglia and astrocytes) 
• ! Endoplasmic reticulum tres 
• Protect neurons form advanced 

glycation end products 
• ! Oxidative stress 

Impaired nigrostrial dopamine 
function and nigrostrial 

dopamine depletion 

• ! a-synuclein d position 



GLP-1 vs Other Glucose-lowering Agents 

JAMA Network Open. 2025;8(7):e2521016. 

• Retrospective cohort study using electronic 
database (TriNetX US) 

• N~60,000; 7-year follow-up 
• Age >40, type 2 DM, starting on semaglutide 

or tirzepatide (GLP-1RA) or other DM meds 
(other) 

• Primary outcome: incidence of 
neurodegenerative diseases (dementia, 
Parkinson disease, and mild cognitive 
impairment) and cerebrovascular (stroke and 
intracerebral hemorrhage) diseases 

• Secondary outcome: all-cause mortality 
• Cox proportional hazard models were used to 

estimate hazard ratios (HRs) with 95% CIs. 

Lower risk of: 
• Dementia (HR, 0.63; 95% CI, 0.50-0.81) 
• Stroke (HR, 0.81; 95% CI, 0.70-0.93) 
• All-cause mortality (HR, 0.70; 95% CI, 0.63-0.78) 

No difference in the risk of Parkinson disease or 
intracerebral hemorrhage 

Figure 2. Cumulative Probability of Neurodegenerative and Cerebrovascular Diseases 
in Glucagon-Like Peptide 1 Receptor Agonist (GLP-lRA) vs Other Antidiabetic Drug Users 
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Log-rank P<.001 Other antidiabetic drugs 

~ 
10 

~ 8 :.c 
"' ..c 
0 6 C. 
<1) 

> GLP-lRA 
·.;:; 4 .!!! 
::::, 

E 
::::, 2 u 

0 

0 1 2 3 4 5 6 7 

Time since index date, y 

No. at risk 
GLP-lRA 30430 29968 29694 29519 29445 29408 29395 29395 
Other antidiabetic drugs 30430 29900 29642 29479 29403 29359 29338 29332 



GLP-1 vs Other Agents for Alzheimer’s 
• Target trial emulation study using EHR 
• N~34,000; 9-year follow-up 
• Age >50, type 2 DM, starting GLP-1RA vs 

other glucose lowering agents 
• Primary outcome: Alzheimer’s disease 

or related dementias (clinical diagnosis 
code) 

• Cox proportional hazard regression 
models with inverse probability of 
treatment weighting (IPTW) to adjust for 
potential confounders. 

HR of 0.67 (95% CI, 0.47-0.96) 

JAMA Neurol. 2025;82(5):439-449. 
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GLP-1 and All-cause Dementia 

• Meta-analysis of 5 studies 
with GLP-1Ra use 

• Lower overall risk of all-cause 
dementia with GLP-1Ra use 

J Am Geriatr Soc. 2023 Jul;71(7):2096-2106. 

Study 

Bohlken 2018 

Wium-Andersen 2019 

Norgaard 2022-pooled RCTs ( • 
Norgaard 2022 -nationwide cohort 

Overall (I-squared = 91.3%, p = 0.000) <> 
I 

NOTE: Weights are from random effects analysls 
I 

.5 1 2 

Relative risk 

(95% Cl) 

0.90 (0.70, 1.15) 

0.58 (0.50, 0.67) 

0.47 (0.25, 0.86) 

0.89 (0.86, 0.93) 

0. 72 (0.54, 0.97) 

Weight 
(%) 

25.81 

29.51 

12.92 

31.76 

100.00 



Dulaglutide and Cognitive Impairment 

Lancet Neurol 2020; 19: 582–90. 

• Secondary Analysis from REWIND 
trial (CVOT in type 2DM patients) 

• Cognitive function assessed with 
MOCA and DSST 

• N~5000 1:1 dulaglutide or placebo 
• F/u 5.4 years 
• Primary outcome: first occurrence of 

a score ≥ 1.5 SD below baseline score 

HR (95% Cl) pvalue 

SCI adjusted for baseline scores ■ 0-86 (0-79-0·95) 0·0018 
SCI adjusted for baseline scores and age ■ 0-86 (0-78-0·94) 0·0014 
SCI adjusted for baseline scores, age, ethnic origin, and education ■ 0-87 (0-79-0·95) 0·0032 
SCI adjusted for baseline scores, age, sex, and education ■ 0-87 (0-79-0·96) 0·0034 

SCI or death adjusted for baseline scores ■ 0-88 (0-81-0·95) 0-0014 
SCI or stroke adjusted for baseline scores ■ 0-85 {0·77-0·92) 0-00018 
SCI, stroke, or TIA adjusted for baseline scores ■ 0-85 {0-78-0-92) 0-00017 
SCI, stroke, TIA, or death adjusted for baseline scores ■ 0-87 {0-80-0·94) 0·00032 

I I 

0-75 1-0 1-25 
◄ ► 

Favours dulaglutide Favours placebo 

Figure 1: Risk of SCI, adjusted for baseline standardised MoCA and DSST scores 



Clinical Trials of Semaglutide 
• EVOKE and EVOKE+ are ongoing phase 3 

RCTs 
• Testing efficacy, safety and tolerability of 

once daily PO Semaglutide vs placebo in 
early-stage symptomatic Alzheimer’s disease 

• Age 55-85 years with mild cognitive 
impairment or dementia with confirmed 
amyloid abnormalities (PET or CSF) 

• Primary outcome: difference on change from 
baseline to week 104 in the Clinical Dementia 
Rating – Sum of Boxes score 

• Secondary outcomes: Analyses of plasma 
biomarkers and a CSF sub-study (planned 
n=210) will explore semaglutide effects on AD 
biomarkers and neuroinflammation 

Trial enrollment completed 5/2021 to 9/2023. 
Main rx period completed 9/2025. Extension 
period will end 10/2026. 

Alzheimers Res Ther. 2025 Jan 8;17(1):14. 

Patients with 

early-stage 

symptomatic AD 

Week -12 

1 :1 3mg 

0 

Main phase Extension 

-
7mg 

4 8 

14 mg oral semaglut1de once daily+ SoC' 

14 mg placebo once daily + SoC* 

104 

' Confirmatory 

endpoints 

156 161 

_______ .., .._ ________________________ _.., \..._ __ __,) 

Screening Treatment period Follow-up 



GLP-1 and Substance Use Disorder 

Endocrinology, Volume 166, Issue 4, April 2025, bqaf028. Br J Pharmacol. 2022;179:625–641. 

GLP-lR Outcome 
GLP-lR agonists Reduced desire to consume 

alcohol, interest in alcohol, 
and alcohol consumption in 
patients treated for obesfty 
or diabetes type 2 
Lowered alcohol-rela,ted 
events posted online in 
patients treated for obesity 
or diabetes tvoe 2 

Exenatide (Ex4) Decreased alcohol intake in 
overweight a,lcohol use 
disorder (AUD} patients 

Llraglutide Lowered self-reported 
alcohol intake in patients 
with tvpe 2 diabetes 

Dulaglutide Decreased alcohol intake in 
smoking AUD patients 

Semaglutide Lowered binge drinking, 
Alcohol Use Disorders 
Identification Test (AUDIT) 
scores, and self-reported 
alcohol intake In overweight 
individuals with high alcohol 
intake 
Reduced the AUDIT scores in 
overweight patients with 
AUD co-moribiditv 
Reduced alcohol-related 
posts in social media among 
overweight individua,ls and 
those with tvoe 2 diabetes 
Reduction in stimulatory and 
sedative effects 

GLP-1 receptor stimulation 

• Nicotine 

• Decreased nicotine 
self-administration 

• Attenuated nicotine-induced 
dopamine release in the 
NAc 

• Decreased nicotine-induced 
CPP 

• Decreased nicotine-induced 
locomotor hyperactivity and 
sensitization 

• Decreased modulation of 
intracranial self-stimulation 
by nicotine 

Changes in reward-related 
behaviours 

i 
Stimulants 

• Attenuated amphetamine-
induced dopamine release 
in the NAc 

I 
i 

Opioids 

• Decreased oxycodone 
self-administration 
in rats 

• Decreased operant responding 
in a reinstatement paradigm in 
rats (oxycodone or heroin) 

• Attenuated CPP in rats 
• No effect on remifentanil 

self-administration, 
morphine-induced CPP or 
locomotion, or morphine 
withdrawal in mice 

t 
Cocaine 

• Decreased self-administration 
• Attenuated cocaine-induced 

dopamine release in the 
NAc and LS 

• Attenuated CPP 
• Suppressed operant responding 

during a reinstatement paradigm 
• Blunted locomotor hyperactivity 



GLP-1Ra Therapy and Stroke Risk Reduction – 
Diabetes Patients 

Semaglutide in DM: SUSTAIN-6 Trial 
N Engl J Med 2016;375:1834-1844. 

SURPASS-CVOT Trial of Tirzepatide in DM patient announced the risk of cardiovascular 
death, heart attack, or stroke was 8% lower for tirzepatide versus dulaglutide (hazard ratio 
[HR], 0.92; 95.3% CI, 0.83 to 1.01). Sub-group data not yet published 

Dulaglutide in DM: REWIND Trial 
Lancet 2019; 394: 121–30. 

Liraglutide in DM: LEADER Trial 
N Engl J Med 2016;375:311-322. 
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Months since Randomization 

No. at Risk No. at Risk 
Placebo 1649 1629 1611 1597 1571 1548 1528 4952 4826 4692 4534 4396 3710 m Liraglutide 4668 4624 4564 4504 4426 4351 4269 4194 1662 465 
Semaglutide 1648 1630 1619 1606 1593 1572 1558 

4949 4847 4736 4606 4476 3796 776 Placebo 4672 4622 4558 4484 4405 4314 4228 4141 1648 445 



GLP-1Ra Therapy and Stroke Risk Reduction – 
Obese Patients 

Therapeutic Advances in Neurological Disorders. 2024;17. 

Study or Treacment 

ubgroup Events Total 

tre tment GLP-1 RA 
SCALE Sleep Apnea 2016 0 176 

SCALE Obesity and Pred1abetes 2017 2 1501 
0 ell et al 2018 0 821 

STEP 3 2021 0 407 

STEP 4 2021 0 535 
STEP 5, 2022 0 152 

STEP 6 2022 0 225 
STEP 8 2022 0 253 
OASIS 1 2023 0 334 

SELECT 2023 154 8803 

STEP 7. 2024 0 185 

Tot I (95% Cl) 13392 

Heterogene1 Tau2 = 0 Ch12 = 0 39 di= 1 (P = 53), 12 = 0'111 
Test tor O'Jerall enec:L z = -0 70 (P = 49) 
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SURMOUNT-1 2022 
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Figure 4. Forest plot comparing the risk of stroke in overweight or obese adults without diabetes treated with GLP-1 or 

GIP/GLP-1 RAs versus placebo. 



GLP-1Ra and Stroke Risk (Meta-analysis) 

JACC. 2025;86:1805–1819. 

TABLE 1 Absolute Event Rates and Risk R-eduction 

Absolut.e Absolut.e Trials 
Event Count Patients Ris1k, % Event Count Patients Risk,, o/o Contr:ibuti n g 

GLP-1 RA GLP-1 RA GLP-1 RA Control Cont.ro'l Contro'l RD (95% Cl) to the Ainalysis, 1n 

ALL-cause death 3,234 47,873 6.8 3,608 46,537 7.8 -0.008 (-0.011 to -0.005) 18 

CV death 1,895 48,656 3.9 2,184 49,851 4.4 -0.006 (-0.008 to -0.003) 19 

MACE 4,596 47,552 9.7 5,300 48,748 10.9 -0.015 (-0.018 to -0.011) 15 

SAE. 17,910 48,806 36.7 19,826 50,017 39.·6 -0.035 (-0.051 to -0.018) 18 

HF hospitalizations 1,067 34,603 3.1 1,257 37,151 3.4 -0.006 (-0.010 to -0.001) 14 

Nonfatal Ml 2,043 47,786 4.3 2,374 49,001 4.8 -0.006 (-0.009 to -0.003) 13 

I Nonfatal stroke 1,054 47,396 2.2 1,1·64 48,608 2.4 -0.002 (-0.004 to 0.000) 12 



GLP-1Ra and Parkinson’s Disease 

• Diabetes is a risk factor for Parkinson’s disease 
• Treatment of diabetes with GLP-1Ra has been shown to reduce 

the risk of incident Parkinson’s by over 50% 
• Animal models suggest GLP-1Ra are protective against 

Parkinson’s 
• In participants with early Parkinson's disease, lixisenatide therapy 

resulted in less progression of motor disability than placebo at 12 
months in a phase 2 trial 

• Two prior trials (23- and 48-months’ duration) of exenatide have also 
shown similar results 

Mov Disord 2023;38:162-177. Brain 2020;143:3067-3076. 
Nat Med 2018;24:931-938. N Engl J Med 2024;390:1176-1185. 

J Clin Invest 2013;123:2730-2736. Lancet 2017;390:1664-1675. 



Conclusions 

• Diabetes and obesity are risk factors for cognitive decline 
• Treatment of diabetes has shown reduction in risk of the development of 

dementia and cognitive impairment 
• GLP-1Ra have many proposed mechanisms by which they may lower the risk 
of dementia, including Alzheimer’s disease 

• Large RCT of semaglutide for treatment of Alzheimer’s is currently underway 
• Preclinical and early (not RCT) clinical studies suggests potential for benefit 

from GLP-1Ra therapy in substance use disorder 
• Sub-group analyses of impact of GLP-1Ra therapy on stroke risk reduction is 

variable 
• There may be preventive and therapeutic benefit from GLP-1Ra therapy in 
Parkinson’s disease 



THANK YOU 
Questions? 

arthidoc@uw.edu 

mailto:arthidoc@uw.edu
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