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Repurposing glucagon-like peptide-1 
receptor agonists for the treatment of 
neurodegenerative disorders
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With therapeutic progress in Alzheimer’s disease (AD), more molecular 
and mechanistic targets are coming into focus. Beyond amyloid, emerging 
targets include tau, neuroinflammation and neurotransmitters. Targeting 
neuroinflammation in neurodegenerative diseases has been explored using 
cyclooxygenase inhibitors, but it has mostly been unsuccessful. Among 
the drug classes under investigation for AD are the glucagon-like peptide-1 
receptor agonists (GLP-1RAs), which are approved for the treatment of type 2 
diabetes (T2D), obesity and cardiovascular disease. GLP-1RAs are candidate 
treatments for AD based on several concepts. First, epidemiological data 
reveal that patients with T2D and cardiovascular disease receiving GLP-1RAs 
have substantial reductions in the risk of developing all-cause dementia. 
Second, GLP-1RAs reduce neuroinflammatory changes in preclinical models. 
Clinical trials have not yet shown that GLP-1RAs can slow the rate of cognitive 
decline in mild cognitive impairment and mild dementia due to AD. Here, 
we summarize data supporting the use of GLP-1RAs for the treatment of 
neurodegenerative diseases, with a focus on AD.

Alzheimer’s disease (AD) is the most common cause of dementia, 
accounting for about 70% of cases. AD affects approximately 35 mil-
lion people worldwide, with cases projected to increase to around 
105 million by 2050 (ref. 1). Key pathological hallmarks (Fig. 1) include 
the accumulation of amyloid-β (Aβ) plaques and neurofibrillary tan-
gles composed of hyperphosphorylated tau, as well as activation of 
the immune system2. Parkinson’s disease (PD) is the most common 
movement disorder, affecting more than 1 million individuals3. Synu-
cleinopathies (including dementia with Lewy bodies) are estimated to 
affect more than 2 million individuals in the USA alone. The third major 
neurodegenerative disease is amyotrophic lateral sclerosis (ALS), which 
is now linked to a TAR DNA-binding protein 43 (TDP-43) proteinopathy4.

Substantial research is focused on understanding the pivotal role 
of neuroinflammation in disease progression, with evidence linking 
both innate and adaptive immune processes to the pathogenesis of 
AD, PD and ALS. Neuroimmune crosstalk between the brain and the 

periphery is critical for brain health and becomes dysregulated in 
neurodegenerative diseases like AD5. Here, we review the mechanisms 
and evidence supporting glucagon-like peptide-1 (GLP-1) receptor 
(GLP-1R) agonists (GLP-1RAs) as novel therapies for neurodegenerative 
diseases, with a focus on AD.

Strategies and targets for the treatment of AD
Symptomatic treatments for AD include cholinesterase inhibitors and 
partial N-methyl-D-aspartate receptor antagonists6. These treatments 
improve memory loss but do not affect disease progression7. Multiple 
new targets and strategies have emerged, aiming to delay or reverse AD 
pathology (Fig. 1). These include amyloid-targeted therapies, such as 
monoclonal antibodies that target Aβ plaques and protofibrils in AD8,9. 
However, the requirement for greater efficacy, safety, convenience and 
accessibility of AD therapies necessitates the evaluation of alternative 
therapeutic targets beyond amyloid10.
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expressed on myeloid cells 2 (TREM2)) and blood-based biomarkers 
may better delineate the inflammatory processes in AD. Inflammation 
is now represented in the ATN(X)—amyloid, tau, neurodegeneration 
and other—biomarker classification19.

Cellular components facilitating neuroinflammation
Beyond microglia, astrocytes become reactive and produce inflamma-
tory mediators that can either exacerbate or mitigate pathology20,21. 
Oligodendrocytes have a role, particularly in myelin damage asso
ciated with inflammation. Peripheral immune cells, including T 
lymphocytes and monocytes, can infiltrate the brain and influence  
disease progression5,22,23. When considering the infiltration of peri
pheral cells, the vascular system must be taken into account. Activated 
vascular cells contribute to blood–brain barrier (BBB) dysfunction 
(Fig. 1) in AD24,25, leading to greater infiltration of peripheral immune 
cells into the central nervous system (CNS) and further exacerbat-
ing the inflammatory response. Therefore, investigating the role of  
peripheral immune cell dysfunction26 may provide a more com-
prehensive assessment of neuroinflammation and the risk of  
neurodegeneration.

Genetics and neuroinflammation
The interplay between genetic predispositions and environmental 
factors shapes neuroinflammation in AD. Genetic risk factors, such 
as apolipoprotein E ε4, influence microglial function and overall 
immune responses within the brain27. Several genetic risk variants 
occur in genes encoding proteins that are important for immune 
function28–30. Environmental factors, ranging from traumatic brain 
injuries to diet, also modulate inflammation levels31–34. The gut micro-
biota also affects neuroinflammatory processes, highlighting areas for 
therapeutic intervention35.

Anti-inflammatory and immunomodulatory drugs are being tested 
in clinical trials10. Inflammatory signaling pathways represent potential 
targets over the decade-long AD trajectory; activated pathways are 
likely to be dynamic and change with disease progression. Therefore, 
stage- and target-specific readouts must be identified to ensure opti-
mal interventions for disease modification. Future observational and 
clinical trials should explore these pathways more comprehensively in 
a longitudinal manner. The identification of predementia stages, such 
as subjective cognitive impairment and mild cognitive impairment 

Prominent among nonamyloid approaches are monoclonal anti-
bodies or antisense oligonucleotides targeting tau isoforms, designed 
to block the spread of phosphorylated tau from neuron to neuron 
through prionosis. Additional strategies include tau aggregation inhibi-
tors, gingipain inhibitors, antioxidants, tyrosine kinase inhibitors 
and metabolic approaches. There is also a renewed interest in target-
ing neuroinflammation10. GLP-1RAs reduce systemic inflammation in 
individuals with type 2 diabetes (T2D) or obesity, raising the possibility 
that they could be repurposed to reduce neuroinflammation11 (Fig. 2).

Inflammation is a potential AD target
Historically, changes in glial cells were first described by Alois 
Alzheimer12, and they were viewed as a bystander reaction to neuro-
degenerative processes. However, immune changes are now known to 
have an integral role in the pathogenesis of AD (Fig. 1). Microglia, the 
brain’s resident immune cells, are a key source of complement factors, 
cytokines and chemokines13. When stimulated by Aβ, microglia-derived 
complement factor 3 can mark synapses, which are subsequently 
removed in excess14; in some cases, microglia can remove entire  
neurons13. The microglia become reactive and proliferate in response  
to Aβ plaques and neurofibrillary tangles. They are critical for the 
removal of aberrant proteins and are activated by therapeutic mono-
clonal antibodies to promote this process. They also activate destruc-
tive cytokine pathways that contribute to the formation of plaques 
and tangles through the release of ASC (apoptosis-associated speck- 
like protein containing a caspase recruitment domain) specks. This 
leads to the seeding of Aβ deposition15, release of interleukin-1β (IL-1β)  
and subsequent tau phosphorylation16. This immune activation is 
present in both the symptomatic and presymptomatic phases of the 
disease. Early upregulation of the anti-inflammatory TAM (TYRO3, 
AXL and MERTK) receptor signaling correlates with neurocogni-
tive preservation and reduced cortical brain atrophy17, suggesting  
that initial immune responses exert a protective effect.

Biomarkers of neuroinflammation
Analyses of biofluids, including cerebrospinal fluid (CSF) and blood 
samples, have provided insights into the inflammatory landscape of 
AD18. Evaluation of C-reactive protein revealed inconsistent results  
in meta-analyses. Emerging biomarkers from CSF (for example, 
glial fibrillary acidic protein (GFAP), YKL-40 and triggering receptor 
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Fig. 1 | The complex pathophysiology of neurodegeneration. Multiple risk 
factors, along with both CNS and peripheral metabolic disorders, contribute to the 
development of neurodegenerative disorders such as AD. Changes in the structure 

and accumulation of key proteins, such as tau and Aβ, contribute to plaque 
formation and may disrupt the health, function and survival of neurons, collectively 
leading to a decline in cognitive function. ROS, reactive oxygen species.
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(MCI), along with biomarker discovery, could enhance our ability to 
intervene before substantial cognitive decline occurs.

Translating findings from animal models to patients requires  
careful consideration of differences between species in terms of 
immune responses and disease manifestations36. As the complexities of 
central and peripheral immune processes involved in AD are revealed, 
there is growing enthusiasm for treatment strategies that could alter 
the course of the disease.

GLP-1, GLP-1R and GLP-1RAs
Structure, synthesis, secretion and metabolic actions of GLP-1
GLP-1 is a peptide hormone encoded by the glucagon (GCG) gene37. GLP-1 
is released from the gut and from neurons in the hindbrain, and it is trans-
ported to and acts on multiple regions in the CNS. The full-length GLP-
1(1–37) undergoes N-terminal monobasic cleavage to yield two shorter 
yet equally bioactive peptides: GLP-1(7–36)amide and GLP-1(7–37)37.

The majority of GLP-1-producing enteroendocrine cells are 
located in the ileum and colon, and circulating GLP-1 is derived from 
endocrine L cells38. GLP-1 promotes the secretion of insulin following  
meal ingestion37, increases somatostatin release, inhibits glucagon 
secretion and impedes gastric emptying, thereby reducing glycemia 
in both the fasted and postprandial state.

GLP-1 is also a neurotransmitter with an independent yet modest 
physiological effect on energy intake39. GLP-1R is widely expressed  
in the brain (Fig. 3), and some neurons in the hypothalamus and hind-
brain are accessible and targeted by circulating GLP-1 (ref. 40). Other 
neuronal populations, including the septal nucleus, are targets of GLP-1 
originating from hindbrain neurons41–43. Analysis of GLP-1R expression 
can be challenging due to limitations in the sensitivity and specific-
ity of multiple antibodies and is ideally complemented by the use of 
ligand-binding approaches, as well as single-cell RNA sequencing or 
in situ hybridization to localize GLP-1R mRNA transcripts to the same 
regions and cell types44. GLP-1R activation could address dysfunction in 

neurons and other CNS cell types affected in AD through indirect mecha-
nisms to restore metabolic function and directly by reducing reactive 
oxygen species, neuroinflammation and cytotoxicity (Figs. 2 and 3).

Pharmaceutical development of GLP-1RAs
The first GLP-1RA approved for clinical use in individuals with T2D was 
exenatide, administered twice daily. The structurally related exendin 
4 derivative lixisenatide was subsequently approved for once-daily 
administration45. The first two long-acting GLP-1RAs developed for T2D, 
liraglutide once daily and exenatide once weekly, provided 24-h activa-
tion of GLP-1R, enabling improved glucose control46. Newer GLP-1RAs 
exhibit longer circulating half-lives, including dulaglutide and sema-
glutide, which both require once-weekly administration and are now 
widely used for the treatment of T2D47,48. The long-acting GLP-1RAs 
also reduce the rates of myocardial infarction, stroke, cardiovascular 
death and all-cause mortality in individuals with T2D and obesity49,50.

The two most widely used GLP-1 medicines are semaglutide, which 
activates GLP-1R, and tirzepatide, which activates both GLP-1R and 
the glucose-dependent insulinotropic polypeptide receptor (GIPR). 
Both medicines are approved for the treatment of T2D and obesity51. 
Semaglutide is cardioprotective in individuals with T2D and those 
with a history of atherosclerotic cardiovascular disease who are living  
with overweight or obesity and weight-related risk factors52, while 
tirzepatide was shown to be non-inferior to dulaglutide, a GLP-1 medi-
cine with proven cardioprotective benefits11 in patients with T2D ran-
domized to trizepatide versus dulaglutide in the SURPASS-CVOT trial.

GLP-1 and GLP-1R expression and action in the 
brain
Considerable evidence links peripheral and brain insulin resistance 
to AD53. Acute infusion of GLP-1 does not improve insulin sensitivity 
in healthy human participants54. Nevertheless, GLP-1RAs improve 
insulin sensitivity, either by reducing glucose toxicity or, secondarily, 
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Fig. 2 | Mechanisms linking GLP-1RAs to the attenuation of neurodegeneration. GLP-1RAs may improve brain health indirectly by correcting glycemic dysregulation 
and reducing body weight or directly by acting on structures and cell types within the brain, thereby engaging actions that collectively attenuate neurodegeneration 
and maintain cognitive function.
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through improved blood flow and weight loss, thereby indirectly caus-
ing a reduction in liver fat and ectopic fat in other tissues. This leads 
to decreased low-grade inflammation and increased insulin sensiti
vity in both animals and humans. Notably, the canonical GLP-1R is not 
expressed in skeletal muscle myocytes, white or brown adipocytes, or 
hepatocytes55, all of which are tissues that control insulin sensitivity 
in the periphery. Native GLP-1 enhances microvascular blood flow in 
some regional vascular beds within skeletal muscle, cardiac muscle 
and adipose tissue, thereby indirectly contributing to improved insulin 
action56. Acute or sustained administration of GLP-1RAs stimulates 
insulin secretion under hyperglycemic conditions, further enhancing 
insulin action in insulin-sensitive tissues.

Within the mammalian brain, GLP-1 originates from hindbrain 
neurons within the nucleus tractus solitarius42. These neurons project 
widely to multiple populations of GLP-1Rs throughout the CNS. The 
CNS GLP-1R exhibits a predominantly neuronal pattern of expression 
but is also expressed in multiple non-neuronal cell types, including 
astrocytes and some glial cells, predominantly oligodendrocytes, 
as well as endothelial cells, vascular smooth muscle cells and some 
pericytes57–60. Subsets of T cells also express the receptor61. Although 
the GLP-1R expression patterns in neurons may translate from  
mice to higher-order species62,63, the distribution of GLP-1R in other 
human non-neuronal cell types is relatively poorly described. Human 
single-cell data identify GLP-1R expression in smooth muscle cells, 
astrocytes, ependymal cells and some oligodendrocyte precursors  
in the hippocampus of individuals with AD64.

Brain insulin resistance, including enhanced serine phosphoryla-
tion and reduced function of insulin receptor substrate 1, is evident 
in preclinical animal models of neurodegeneration and in sections of 
human brains from patients with AD studied ex vivo65. Whether the puta-
tive actions of GLP-1RAs to reduce brain insulin resistance reflect direct 
engagement of CNS GLP-1Rs or are indirect (due to reductions in glyce-
mia, body weight and inflammation; Fig. 2) remains to be determined.

GLP-1 and the BBB
The BBB has an integral role in the defense against neuroinflammation. 
GLP-1RAs preserve the integrity of the BBB in animals with experimen-
tal brain injury secondary to trauma or ischemic stroke66. Rats with 
experimental diabetes induced by streptozotocin exhibited improved  
BBB function following treatment with exendin 4 for 28 days, as evi-
denced by reduced extravasation of Evans blue dye and preservation 
of the BBB-associated proteins occludin and aquaporin 4 (ref. 67). In 
mice with experimental diabetes, treatment with exendin 4 for 28 days 

preserved the CNS expression of the tight junction and BBB protein 
occludin68. Daily administration of semaglutide for 5 days to mice with 
experimental stroke (transient middle cerebral artery occlusion) atten-
uated the disruption of the BBB69. Exendin 4 also reduced Evans blue 
dye extravasation in the brains of rats after transient middle cerebral 
artery occlusion, which was associated with the relative preservation 
of the expression of occludin, zonulin 1 and claudin 5 (refs. 70,71).

Uptake of GLP-1RAs, such as liraglutide, in the mouse brain requires  
a functional GLP-1R40; however, the uptake is limited to circumven-
tricular areas and regions near blood circulation. A potential role for  
GLP-1R in transporting GLP-1-related peptides across the BBB was 
identified in murine tanycytes, specialized ependymal cells that 
contribute to the integrity of the BBB. Silencing of tanycyte Glp1r 
expression impaired liraglutide transport into the brain, diminished 
liraglutide-activated hypothalamic gene expression, reduced food 
intake and decreased body weight72.

Minute levels of liraglutide were detected in the CSF of patients 
with T2D who were treated with and responsive to liraglutide, as 
assessed by weight loss. However, the low levels of liraglutide in CSF 
did not correlate with its levels in plasma73. In mice, both liraglutide and 
semaglutide signal to secondarily activated neurons in deeper parts of 
the brain, including the parabrachial nucleus, the bed nucleus of the 
stria terminalis and the amygdala43. Preclinical studies suggest that 
liraglutide, semaglutide and exenatide cross the BBB74,75. Dulaglutide 
and tirzepatide cross the BBB at different rates76. Nevertheless, GLP-1Rs 
may be accessible in circumventricular organs that are not fully pro-
tected by the BBB, and liraglutide and semaglutide rapidly activate FOS 
expression in multiple regions of the CNS that are not directly engaged 
by the peptide receptor agonists40,43. Notably, even much larger GLP-1 
medicines, such as the bispecific antibody with glucose-dependent 
insulinotropic polypeptide receptor antagonist and GLP-1RA acti
vity, maridebart cafraglutide, as well as the albumin-based GLP-1RA 
albiglutide, produce robust acute FOS activation in the CNS, despite 
limited CNS penetration77,78. Hence, accessible CNS GLP-1Rs rapidly 
relay signals to multiple regions of the CNS through incompletely 
defined intercellular communication pathways.

Modes of action of GLP-1RAs in the brain and in 
disease models
Role in neuronal function, survival and experimental models 
of neurodegeneration
GLP-1RAs are neuroprotective in preclinical models of experimen-
tal brain injury. Semaglutide and dulaglutide also reduce the rates 
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Fig. 3 | GLP-1RAs improve metabolism and target multiple cell types and 
regions in the brain. GLP-1 medicines may improve brain function indirectly 
by enhancing metabolism, reducing glucotoxicity and lipotoxicity, and 

decreasing systemic inflammation and insulin resistance. GLP-1R has been 
localized to multiple cell types in the CNS, both in mice and humans, enabling the 
engagement of multiple brain regions susceptible to AD pathophysiology.
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of incident stroke in cardiovascular outcome trials, driven by their 
effect on small vessel disease79,80. GLP-1R agonism reduces experimen-
tal neuronal apoptosis, whereas enhanced susceptibility to seizures 
and neuronal injury is observed in Glp1r−/− mice81. The GLP-1RA NLY01 
attenuates microglia-mediated reactive astrocyte conversion and pre-
serves neuronal viability in 5xFAD and 3xTG-AD mice82. The neuronal 
and non-neuronal actions of GLP-1 medicines may be mediated in part 
through AMP-activated protein kinase (AMPK) activation, and these 
actions are associated with the induction of microglial phagocyto-
sis and the attenuation of inflammation in cells challenged with Aβ 
oligomers83. Similarly, treatment of APP23/PS45 mice with exendin 
4 for 8 weeks increased brain AMPK phosphorylation and reduced 
BACE1 cleavage of amyloid precursor protein and Aβ production83. 
GLP-1R agonism in cultured mouse astrocytes inhibited glucose uptake 
and promoted β-oxidation, whereas deletion of the astrocyte GLP-1R 
impaired mitochondrial activity, which was associated with a general-
ized reduction in stress responses in vulnerable astrocytes59.

GLP-1RAs reduce amyloid plaque deposition in some but not all 
mouse models of AD. Liraglutide decreased the rate of memory loss 
and preserved the number of hippocampal CA1 neurons in SAMP8 
(senescence-accelerated mouse prone 8) mice before the detection 
of amyloid plaques or phosphorylated tau in 10-month-old animals84. 
Treatment of hTauP301L mice with liraglutide once daily for 6 months, 
starting at 3 months of age, reduced clasping-associated lethality, along 
with a decreased burden of neuronal phosphorylated tau in multiple 
brain regions85. By contrast, liraglutide, semaglutide and tirzepatide 
had minimal therapeutic benefits in two different transgenic mouse 
models with genetic mutations in amyloid precursor protein and prese-
nilin 1, with no effect on biomarkers of neuroinflammation or amyloid 
plaque burden86,87.

GLP-1RAs attenuate neuroinflammation
Preclinical studies88–90 have shown that GLP-1RAs attenuate neuro
inflammation (Fig. 2), and they accomplish this by targeting neurons, 
astrocytes and microglia82. These actions of GLP-1RAs have been shown 
in experimental brain injury and stroke69; in mouse and rat models 
of AD91,92, PD93, high-fat diet-induced obesity94 and encephalitis95; 
and in glial and astrocyte cultures treated with lipopolysaccharide96. 
GLP-1 degradation products, such as GLP-1(9–36)amide, also reduce 
stroke-related neuroinflammation and attenuate the expression 
of tumor necrosis factor (TNF), IL-1β and IL-6 in astrocytes ex vivo, 
independent of the known GLP-1R97. Nevertheless, exendin 4, which 
does not lead to the formation of a similar metabolite, attenuated 
cognitive dysfunction and suppressed the expression of multiple 
inflammation-related proteins, including Toll-like receptor 4, cyclooxy-
genases 1 and 2, nuclear factor-κB (NF-κB), CD45 and inducible nitric 
oxide synthase, in the hippocampus of mice treated with intrahip-
pocampal CA1 injection of lipopolysaccharide98.

Pretreatment of primary microglia cultures with the GLP-1RA NLY01 
suppressed the expression of oligomeric Aβ(1–42)-induced cytokine 
RNA and protein, actions dependent on the canonical GLP-1R82. Expres-
sion of GLP-1R in human microglia has not been confirmed, although 
GLP-1RAs orchestrate the activities of a variety of brain cell types (Figs. 2 
and 3), collectively contributing to dampened neuroinflammation.

The anti-inflammatory effects of GLP-1RAs result in the inhibition 
of NF-κB and a reduction in the levels of proinflammatory cytokines, 
including IL-1β, IL-6, TNF and interferon-γ99. Peripheral inflammation 
leads to dysfunction of the BBB and activation of microglial cells and 
astroglia100. These effects may be diminished by the anti-inflammatory 
effects of GLP-1RAs, actions mediated in part by GLP-1R signaling in 
CNS neurons101.

Mechanisms beyond neuroinflammation
GLP-1 medicines improve cardiometabolic health, partly by reducing 
glycemia and body weight, as well as through weight loss-independent 

mechanisms102. GLP-1 medicines reduce blood pressure, intestinal 
lipoprotein secretion, systemic inflammation and platelet aggrega-
tion through weight loss-independent mechanisms103. Collectively, 
these mechanisms underlie consistent reductions in the risk of non-
fatal myocardial infarction, stroke, cardiovascular death and all-cause 
mortality50,52 and may potentially contribute to the preservation of 
cognitive function in humans.

Clinical evidence supporting the repurposing of 
GLP-1RAs for AD, PD and ALS
Real-world evidence reveals a reduced risk of dementia or AD 
with GLP-1RAs
Several lines of clinical evidence support a potentially benefi-
cial role for GLP-1RAs in reducing incident dementia in patients  
with T2D. Registry data from individuals with diabetes have been  
queried to assess the real-world evidence of the risk of AD or dementia 
in patients taking GLP-1RAs. A systematic review assessed data from 
more than 800,000 individuals with T2D, examining the effect of 
diabetes treatment on incident dementia104, including five studies that 
investigated the potential benefits of GLP-1RAs105–108. These studies 
reported a lower incidence of dementia in patients with T2D who were 
receiving GLP-1RAs, with the relative risk varying from 0.47 to 0.90. A 
meta-analysis suggested a risk reduction of incident dementia by 28% 
(relative risk 0.72; 95% confidence interval (CI) 0.54–0.97)104. Analysis 
of UK primary care data, which included about 18,000 individuals 
with T2D, confirmed the reduction in incident dementia among those 
receiving GLP-1RAs109.

The association of GLP-1RAs with AD was assessed using a large 
US Food and Drug Administration database. Treatment with exena-
tide (adjusted reporting odds ratio (aROR) 0.22; 95% CI 0.11–0.37; 
P < 0.001), liraglutide (aROR 0.36; 95% CI 0.19–0.62; P < 0.001), dula-
glutide (aROR 0.39; 95% CI 0.17–0.77; P = 0.014) and the dipeptidyl 
peptidase 4 (DPP-4) inhibitor sitagliptin (aROR 0.75; 95% CI 0.60–0.93; 
P = 0.011) was associated with a significantly lower risk of AD than treat-
ment with metformin110. Exposure to GLP-1RAs was assessed in patients 
with T2D and a subsequent diagnosis of dementia in (1) two large data 
sources with long-term follow-up; (2) a pooled analysis of three rand-
omized, double-blind, placebo-controlled cardiovascular outcome 
trials (combined total of 15,820 patients); and (3) a nationwide Danish 
registry-based cohort (120,054 patients). Treatment with liraglutide 
or semaglutide was associated with a reduction in the diagnosis of 
all-cause dementia compared to placebo106. The study by Nørgaard 
et al.106 included participants with a first prescription of a second-line 
treatment for T2D, ensuring that the treatments were well matched 
from a diabetes management perspective, and required a treatment 
duration of at least 5 years before the onset of dementia. A significant 
reduction in dementia incidence (OR 0.89) was observed in participants 
treated with GLP-1RAs in a Danish registry106. Dementia rates were 
also lower in patients randomized to receive GLP-1RAs than in those 
who received placebo (hazard ratio (HR) 0.47; 95% CI 0.25–0.86)106. 
Although the results were encouraging, the number of individuals 
who developed incident dementia was small, and there was also a 
reduction in stroke, which is a potential mediating factor. In a different 
analysis from a Danish registry (1995–2012) involving 176,250 patients 
with T2D, an evaluation of 11,619 patients with dementia and 46,476 
controls revealed that patients exposed to GLP-1RAs had a 42% lower 
risk of developing dementia107.

Seven target trial emulation analyses involving 1,094,761 eligible 
patients with T2D who did not have a prior AD diagnosis compared 
semaglutide to seven other glucose-lowering medications. First-ever 
diagnosis of AD occurred within a 3-year follow-up period and was 
examined using Cox proportional hazards and Kaplan–Meier survival 
analyses. Semaglutide was associated with a 40–70% reduced risk of a 
first-time AD diagnosis in patients with T2D compared to other medica-
tions, including other GLP-1RAs111.
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A separate study used target trial emulation methodology and data 
from 1.7 million patients with T2D to compare semaglutide to other 
glucose-lowering medications. Semaglutide use was associated with 
a reduced risk of overall AD and a decreased incidence of AD-related 
dementias (HR 0.54; 95% CI 0.49–0.59) compared to insulin112.

A meta-analysis examined 26 randomized controlled trials that col-
lected data on cognition and dementia diagnosis. Overall, there was no 
observed effect of diabetes treatment on dementia incidence. Within 
classes of glucose-lowering agents, GLP-1RAs were associated with a 
decreased occurrence of dementia, suggesting that glucose control 
is not the sole explanation for the differential benefit of GLP-1RAs on 
dementia incidence113.

The cardiovascular actions of GLP-1RAs may reduce both large114 
and small vessel disease, which contribute to vascular cognitive impair-
ment and AD. Circulating proteomic signatures observed in partici-
pants of a clinical trial examining liraglutide’s effects on AD revealed 
changes in vascular and inflammatory proteins, consistent with obser-
vations in nonclinical models115.

Clinical evidence for potential therapeutic benefit in AD from 
studies of T2D and obesity
Obesity and T2D are risk factors for AD and PD and are associated with 
inflammation, compromised immune response, oxidative stress, and 
endothelial and mitochondrial dysfunction116. GLP-1RAs reduce the 
incidence of AD and dementia associated with these risk states117.

Forty metformin-treated participants with obesity who had predia-
betes or newly diagnosed T2D were randomized to receive liraglutide 
(1.8 mg per day; n = 20) or lifestyle counseling (dietary intervention and 
exercise training; n = 20). All participants underwent neuropsychologi-
cal assessments. After comparable weight loss and similar glycemic 
control and insulin sensitivity, significant improvements in short-term 
cognitive performance (mean digit span z score from −0.06 to 0.80, 
P = 0.024) and memory composite z score (mean memory z score 
from −0.67 to 0.032, P = 0.0065) were observed in liraglutide-exposed 
participants (between-group P = 0.041 and P = 0.033, respectively)118.

In a large cardiovascular outcome trial involving patients with 
T2D, nearly 10,000 participants were randomly assigned to receive 
either dulaglutide (n = 4,949) or placebo (n = 4,952). During a median 
follow-up of 5.4 years (interquartile range 5.1–5.9 years), 8,828 par-
ticipants provided baseline and one or more follow-up scores in MoCA 
(Montreal Cognitive Assessment) or the Digit Symbol Substitution Test. 
After post hoc adjustment for individual standardized baseline scores, 
the readjusted HR of substantive cognitive impairment was reduced 
by 14% in those assigned to dulaglutide treatment (HR 0.86; 95% CI 
0.79–0.95; P = 0.0018)119. A smaller study of 50 patients with T2D treated 
for 12 weeks found that liraglutide improved cognitive function, and 
this beneficial outcome was independent of its glucose-lowering and 
weight loss effects120. Similar benefits have been identified with other 
T2D treatments, such as sodium–glucose cotransporter 2 inhibitors 
and DPP-4 inhibitors104,109.

Some of these findings are based on post hoc analyses, but they 
are consistent with a role for GLP-1RA treatment in preventing or lower-
ing the risk of developing dementia in individuals with T2D. The cause 
of dementia in these studies and the proportion of patients with AD 
are unknown. A key question is whether these benefits also extend to 
individuals with, or at risk of developing, AD in the absence of T2D.

Clinical trial data supporting the use of GLP-1RAs for AD
A placebo-controlled randomized controlled trial was conducted in 
38 patients with AD, with [18F]fluorodeoxyglucose positron emission 
tomography results as the primary outcome measure. Treatment with 
liraglutide (1.8 mg per day) for 6 months resulted in a relative preser-
vation of brain glucose metabolism as a marker of brain activity121. 
Limitations include the use of clinical criteria to diagnose AD (with no 
biomarker confirmation) and the small sample size.

A small placebo-controlled randomized trial studied 21 partici-
pants who were treated with exenatide twice daily over 18 months122. 
Exenatide did not confer any benefits on cognitive, neuroimaging 
or CSF endpoints. The Evaluating liraglutide in Alzheimer’s disease 
(ELAD) study was a 12-month randomized trial of liraglutide in 204 
participants with mild to moderate AD without T2D. Although there 
was no significant benefit on the primary outcome measure (cere-
bral glucose metabolism as assessed using [18F]fluorodeoxyglucose  
positron emission tomography), liraglutide conferred significant  
benefits on cognitive function (as measured by the AD Assessment 
Scale (ADAS)-EXEC (ADAS cognitive subscale with executive domains 
of the Neuropsychological Test Battery)) and showed significant advan-
tages with respect to temporal lobe and whole-cortical volumes on 
magnetic resonance imaging. The benefits were similar in patients 
with and without concurrent vascular pathology123. No significant 
differences were observed in the Alzheimer’s Disease Cooperative 
Study-Activities of Daily Living scale (ADCS-ADL) (−0.58; 95% CI: −3.13 
to 1.97; P = 0.65) or Clinical Dementia Rating Scale (CDR)-Sum of Boxes 
(−0.06; 95% CI: −0.57 to 0.44; unadjusted P = 0.81) scores assessing dif-
ferent domains of functional activity and cognitive function.

The evoke and evoke+ studies
Given the totality of evidence from preclinical and clinical studies, as 
well as real-world evidence, the evoke and evoke+ trials were initiated 
and enrolled 3,808 participants each to study the effects of semaglu-
tide124. The trials enrolled participants aged 55–85 years across 40 
countries who had biomarker-confirmed MCI or mild AD dementia 
(positive for amyloid or with abnormal CSF amyloid levels). The primary 
outcome was the effect on progression, as measured by the CDR-Sum of 
Boxes, between participants taking oral semaglutide (14 mg daily) and 
those who received placebo for 104 weeks124. The evoke+ study has an 
identical design but allowed participants with established small vessel 
ischemic cerebrovascular disease124. The baseline data from the evoke 
and evoke+ studies125 revealed that the mean (s.d.) participant ages were 
71.8 (7.1) and 72.6 (7.1) years; 53.0% and 51.8% of the participants were 
women; most (76.6%) were white; and 59.7% and 54.5% were receiving 
AD medication, respectively. In the evoke and evoke+ trials, the mean 
baseline (s.d.) CDR-Sum of Boxes score was 3.7 (1.5) and 3.7 (1.6); the 
ADCS-ADL-MCI (ADCS-ADL for use in MCI) score was 39.4 (7.3) and 38.9 
(7.5); and 72.5% and 68.7% of the participants had a CDR global score 
of 0.5 (ref. 125), respectively. Notably, the putative dose–response 
relationship for the presumed neuroprotective actions of GLP-1RAs 
has not yet been established. Topline data from the two evoke trials 
indicate that participantts randomized to oral semaglutide did not dem-
onstrate a reduction of progression of AD, as measured by the change 
in Clinical Dementia Rating–Sum of Boxes score compared to baseline, 
despite evidence for reduction in levels of biomarkers reflective of dis-
ease activity126. Potential reasons for failure to achieve benefit include 
potentially suboptimal circulating levels of semaglutide achieved with 
oral semaglutide and the limited penetration of semaglutide into brain 
regions such as the hippocampus, an important site for intervention in 
AD pathophysiology. Real-world data suggesting a benefit of reduced 
rates of cognitive decline in healthier populations treated with GLP-1 
medicines raise the possibility that individuals studied in the evoke trial 
were already too far advanced in their disease progression to benefit 
from oral semaglutide. Evidence for favorable effects of semaglutide on 
biomarkers of disease activity in a substudy highlight the need to better 
understand the utility of these various biomarkers as potentially reli-
able readouts that might be associated with preservation of cognitive 
function in future studies. Finally the evoke trial results remind us that 
we have a limited understanding of the optimal time for the initiation, 
and duration, of therapy with GLP-1 medicines that might be helpful 
to attenuate cognitive decline in patients at risk for progressive AD.

Safety concerns have been raised regarding GLP-1RA-induced 
weight loss in older individuals. In a pooled analysis of trials assessing 
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injectable or oral semaglutide for T2D, obesity and other conditions 
that included 3,529 participants aged ≥65 years, those receiving sema-
glutide had an estimated weight loss of 3.8% at week 52 without new 
safety concerns, suggesting that semaglutide can be safely adminis-
tered to an aging population127.

GLP-1RAs in the treatment of PD
In PD, along with α-synuclein accumulation, there is associated inflam-
mation, synaptic dysfunction and dopaminergic neuronal loss, with 
some data also suggesting insulin resistance128. Preclinical studies 
show that GLP-1RAs restore dopamine levels, inhibit dopaminergic 
loss, attenuate neuronal degeneration, and alleviate both motor 
and nonmotor features of PD129. Exendin 4 improved autophagy and 
protected against mitochondrial stress induced by rotenone in dopa-
minergic cell cultures, thereby increasing SH-SY5Y cell survival130. 
Peripheral administration of GLP-1RAs increased the expression of 
tyrosine hydroxylase (TH)-containing neurons131, and exendin 4 allevi-
ated TH-positive neuronal loss in a PD rat model132. Motor dysfunction, 
glial activation and dopaminergic neuronal death were reversed by 
exendin 4 in a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) PD 
mouse model133. Once-weekly administration of semaglutide restored 
TH levels in MPTP-treated mice93,134. Overall, preclinical studies show 
that GLP-1RAs can restore dopamine levels, inhibit dopaminergic loss, 
attenuate neuronal degeneration, and alleviate both motor and non-
motor features of PD129.

Several GLP-1RAs have been tested as potential treatments in 
patients with PD135. A pilot study of exenatide showed positive effects 
on motor function in patients with PD in the ‘off state’, but no effects 
were observed in patients taking concomitant PD medications136.  
In a double-blind, placebo-controlled trial of lixisenatide involving  
156 patients with PD, lixisenatide improved MDS-UPDRS (Movement  
Disorder Society-sponsored revision of the Unified PD Rating Scale) 
scores compared to placebo137. Although the treatment effect of 
GLP-1RAs may be mediated through neuroprotective effects and 
changes in dopamine, the mitigation of neuroinflammation may also 
contribute. Nevertheless, the largest and longest randomized trial 
(194 participants, 96 weeks) of GLP-1RAs in PD evaluating once-weekly 
exenatide failed to show a benefit138.

GLP-1RAs in the treatment of ALS
ALS is a devastating neurodegenerative disease characterized by the 
progressive loss of motor neurons. The pathogenesis of ALS includes 
oxidative stress, mitochondrial dysfunction, neuroinflammation 
and glutamate excitotoxicity139. In preclinical models of ALS (SOD1 
and TDP-43), liraglutide-treated animals showed no significant dif-
ferences in disease progression or motor decline compared to 
vehicle-dosed animals140.

Clinical studies align with these animal data. One case report 
demonstrated an accelerated progression of ALS symptoms in 
a patient treated with semaglutide141. In a case-controlled study of 
ALS and T2D, patients treated with GLP-1RAs had significantly lower 
tracheostomy-free survival, suggesting an acceleration of patient 
decline141. Thus, GLP-1RAs are unlikely to emerge as a treatment for ALS.

Conclusions
Interest in GLP-1RAs continues to expand across multiple therapeutic 
areas. In an observational study of more than 1,400,000 veterans, 
researchers examined data from patients treated with a GLP-1RA 
between 2017 and 2023. GLP-1RA use was associated with a reduced 
risk of substance use and psychotic disorders, seizures, coagulation 
disorders, cardiometabolic disorders, infectious illnesses and several 
respiratory conditions. A 12% reduction in the risk of an AD diagnosis 
was also reported142.

The interest in using GLP-1RAs for AD and PD stems from the  
multiple targets for GLP-1 modulation, including peripheral immune 

cells and the vasculature (Fig. 2). GLP-1 medications reduce inflam-
mation in the heart, vascular system, brain, liver and other organ sys-
tems. GLP-1RAs also reduce glucotoxicity, oxidative stress, immune 
cell recruitment and cytokine production through indirect pathways 
involving interorgan communication and through direct mechanisms 
affecting GLP-1R+ immune cells143. GLP-1 medicines may also indirectly 
improve brain health by enhancing glucose control and reducing the 
deleterious metabolic consequences of obesity144, as well as directly by 
improving BBB integrity. Collectively, these actions promote cell sur-
vival, maintain mitochondrial integrity and function, augment cellular 
metabolic processes, and attenuate astrocyte and glial activation, con-
tributing to the preservation of CNS health and cognitive function60.

Several key questions remain. Are the benefits of reducing incident 
dementia evident only in individuals with T2D? Are benefits detected 
in individuals with cognitive impairment related to cerebrovascular 
disease? Is the dose response established for successful treatment of 
T2D or obesity analogous to the dosing of GLP-1 medicines required to 
reduce neuroinflammation, preserve cognitive function and achieve 
neuroprotection in at-risk individuals?

Common adverse effects of GLP-1 medicines include nausea, 
vomiting, diarrhea and, if not desired, weight loss145. In contrast to 
antibodies targeting amyloid plaques, the absence of an absolute 
requirement for amyloid-related imaging abnormalities and the ease 
of administration of GLP-1RAs represent potential advantages over 
current disease-modifying therapies. The widespread benefits of GLP-1 
medicines, which include the reduction of cardiovascular, liver and kid-
ney diseases, coupled with their emerging therapeutic potential in neu-
rodegenerative disorders146, raise the possibility that GLP-1 medicines 
may be broadly useful in older populations to extend healthspan and 
reduce the development of a broad range of age-related comorbidities. 
Notably, the results of the ELAD and evoke trials indicate that it is pos-
sible to treat older individuals with cognitive impairment with normal 
or lower BMIs with liraglutide and semaglutide without introduction 
of new serious events. Nevertheless, the available clinical trial data do 
not yet support the use of oral semaglutide up to 14 mg daily for the 
treatment of established AD, highlighting the need to identify more 
suitable patient populations, appropriate dosing, optimal timepoints 
and durations for intervention, and perhaps next-generation GLP-1 
medicines that are optimized for CNS penetration and neuroprotec-
tion, in future studies.
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