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Abstract 

Alzheimer’s disease (AD), often referred to as type 3 diabetes, is characterized by 

neuroinflammation, oxidative stress, mitochondrial dysfunction, and brain insulin resistance, 

leading to cognitive decline. GLP-1 receptor agonists, originally developed for type 2 diabetes, 

demonstrate neuroprotective properties that address these pathologies. They improve insulin 

sensitivity, reduce amyloid-beta deposition, tau hyperphosphorylation, and neuronal apoptosis 

while enhancing synaptic plasticity, autophagy, and neural stem cell proliferation. Studies 

highlight their potential as innovative AD therapies. However, further research is needed to 

confirm their efficacy and long-term safety in combating neurodegeneration. 
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Material and methods 

This literature review aims to evaluate the potential of glucagon-like peptide-1 receptor 

agonists in reducing the risk and improving the treatment of Alzheimer’s disease. A systematic 

search was conducted using the PubMed database with the following keywords: "Alzheimer’s 

disease" AND ("glucagon-like peptide-1" OR GLP-1) AND neuroprotection. Only full-text 

studies published in English within the last ten years were included. Titles and abstracts were 

manually screened for relevance to the review objectives. Selected studies underwent 

qualitative analysis and were summarized to provide an overview of findings. Since this review 

is not designed as a meta-analysis, no statistical methods were applied. 

 

 

Keywords: Alzheimer’s disease (AD), glucagon like peptide 1 (GLP-1), neuroprotection 

 

 

 

Introduction 

 

Alzheimer's disease is one of the world's major health challenges and is the most 

common neurodegenerative disease.1 Alzheimer's disease (AD) involves a gradual decline in 

brain functions, beginning with cognitive impairments such as difficulty remembering recent 

events, language problems, confusion and challenges in solving problems or thinking 

abstractly.2 All of these features significantly reduce patient’s quality of life. In 2021, 

approximately 50 million people worldwide suffered from Alzheimer’s disease, which 

gradually leads to disability and death. With an aging global population and increasing life 

expectancy, the number of Alzheimer's patients is expected to triple by 2050.3 The increasing 

number of AD patients requires an increased financial outlay on the health care system, which 

puts a strain on many countries' economies.4 The progression of Alzheimer’s disease is 

multifaceted and shaped by a combination of genetic predisposition, environmental factors, and 

lifestyle. Among genetic contributors, a family history of Alzheimer’s holds particular 

significance. Early-onset AD (ages 30–50) is often linked to mutations in the PSEN1, PSEN2, 

or APP genes, while late-onset cases may be associated with the inheritance of the APOE gene. 

However, due to its polymorphic nature, the presence of APOE does not guarantee disease 

development but rather increases susceptibility. Nonetheless, inheritance patterns and the 

presence of mutations leading to the development of Alzheimer's disease remain incompletely 
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understood and require further research.5, 6, 7, 8 Nevertheless, genetic factors are not the sole 

contributors to the risk of developing Alzheimer’s disease. Numerous studies have identified 

insulin resistance, obesity, metabolic syndrome, and diabetes as risk factors for Alzheimer’s 

disease, alongside aging. These conditions are closely associated with abnormalities in glucose 

and insulin metabolism.9, 10 The development of Alzheimer’s disease is driven by the 

accumulation of amyloid plaques and tau protein, alongside oxidative stress and inflammation, 

which damage neurons and advance the disease. Glucose and insulin are essential for proper 

neuronal function. Many studies have revealed that insulin resistance contributes to increased 

beta-amyloid deposition and tau protein hyperphosphorylation. Elevated insulin levels also 

heighten vascular reactivity and inflammation, leading to neurodegeneration. Insulin resistance 

is thus a key pathomechanism of AD. Moreover, hyperglycemia-induced pathological changes 

reduce neuronal autophagy and accelerate disease progression.11, 12, 13, 14 Therefore, some 

authors refer to AD as type 3 diabetes.15 Currently approved medications, such as memantine, 

rivastigmine, donepezil, galantamine, and tacrine, enhance cognitive functions and improve the 

quality of life for patients with Alzheimer’s disease. However, they neither slow the progression 

of the disease nor offer a cure.2, 16 Nevertheless, metabolic and molecular similarities and shared 

risk factors for the development of Alzheimer’s disease (AD) and type 2 diabetes have 

prompted researchers to investigate the potential impact of antidiabetic drugs on the progression 

of AD. In recent years, particular attention has been drawn to novel medications, specifically 

glucagon-like peptide-1 (GLP-1) receptor agonists. Our primary objective will be to elucidate 

the role of GLP-1 analogues and their potential use in the treatment of Alzheimer’s disease.  

 

Could Antidiabetic Drugs Be Effective in Treating Alzheimer’s Disease? The Relationship 

Between T2D and AD 

 

The brain relies on glucose as its primary energy source, and insulin facilitates glucose 

uptake into cells. When cells become unresponsive to insulin signals, insulin resistance 

develops, causing glucose levels within cells, including neurons, to decline. This disrupts the 

formation of synapses—connections between neurons—impairing cognitive function and 

information transfer. Such effects are observed in both type 2 diabetes (T2D) patients and 

individuals with Alzheimer’s disease (AD), highlighting a shared metabolic dysfunction that 

may contribute to cognitive decline.17 Altmann et al. demonstrated that glucose 

hypometabolism in the brains of AD patients occurs 10–20 years before the onset of clinical 

symptoms.18 Studies also revealed that insulin resistance contributes to brain atrophy in regions 
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characteristic of Alzheimer’s disease, including the parietal, temporal, and frontal cortices.19 

Another negative impact of insulin resistance is the weakening of the blood-brain barrier (BBB). 

As a result, harmful substances can infiltrate the central nervous system, triggering 

inflammation and neurodegeneration.20 It is also important to note that the disruption of the 

BBB is associated with gut dysbiosis—an imbalance in gut bacteria that regulate the balance 

between reactive oxygen species production and antioxidant defenses. Consequently, pro-

inflammatory molecules enter the bloodstream and cross the BBB. Gut dysbiosis is observed in 

both T2D and AD.21 Furthermore, certain bacteria can influence neurotransmitter metabolism, 

including GABA, which plays a role in brain aging.22 Additionally, altered gut microbiota has 

been linked to β-amyloid accumulation in the brain.23 Another connection between T2D and 

AD lies in the interaction between amylin and β-amyloid. These are two peptides with distinct 

roles but similar structures. Amylin, produced by pancreatic islets, forms amyloid deposits in 

T2D, impairing insulin secretion. Similar deposits have been observed in the brains of 

individuals with both T2D and AD.24 Research suggests that amylin can cross the BBB and 

interact with β-amyloid, promoting its accumulation.25 Furthermore, neurofibrillary tau protein 

tangles accumulate in the brains of AD patients. It has been observed that insulin resistance 

exacerbates tau hyperphosphorylation in the brains of patients with T2D.11 Insulin resistance, 

hypercholesterolemia and dyslipidemia contribute to inflammation, which promotes β-amyloid 

formation and, in turn, amplifies the existing inflammation, creating a vicious cycle.26 This 

inflammation triggers oxidative stress, leading to mitochondrial damage, cellular injury, and 

impaired neurogenesis, disrupting neurotransmitter balance. As result of this, acetylcholine 

levels decline in AD due to cholinergic neuron damage.27 Moreover, studies on aging rats have 

shown that increasing IGF-1 levels in the hippocampus enhances learning and reduces cognitive 

deficits.28 These findings highlight that T2D medications may serve as a therapeutic option for 

AD, often termed type 3 diabetes.   

 

How Do GLP-1 Analogs Work? 

 

 GLP-1 analogs are medications primarily used in the treatment of type 2 diabetes. Their 

mechanism of action is based on mimicking the effects of the endogenous glucagon-like 

peptide-1 (GLP-1), a hormone secreted by the small intestine following food intake. This 

hormone acts as an incretin by stimulating insulin secretion from pancreatic β-cells in response 

to rising blood glucose levels. Additionally, GLP-1 inhibits the secretion of glucagon from 

pancreatic α-cells, but only when blood glucose levels are elevated above fasting levels. This 
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glucose-dependent mechanism minimizes the risk of hypoglycemia.29, 30 GLP-1 plays a 

protective role in pancreatic β-cells by preventing their programmed cell death and promoting 

their growth and differentiation. These functions are vital for preserving pancreatic health.31 

Thus, GLP-1 plays a critical role in carbohydrate metabolism by regulating blood glucose levels 

and enhancing insulin sensitivity. GLP-1 influences gastric function by slowing gastric 

emptying, which delays digestion and the absorption of glucose into the bloodstream. This 

mechanism helps stabilize blood glucose levels after meals. Additionally, GLP-1 reduces 

gastric acid secretion. Collectively, these actions contribute to improved glycemic control and 

regulation of digestive processes.32 GLP-1 has the ability to cross the blood-brain barrier, and 

its receptors are distributed throughout the central nervous system. These receptors are located 

in regions such as the hypothalamus, thalamus, hippocampus, cortex, and brainstem nuclei.33 

Moreover, studies have shown that GLP-1 can also be synthesized in the central nervous system 

by neurons within the nucleus of the solitary tract.31, 34 Under normal physiological conditions, 

GLP-1 has a short half-life of approximately 1–2 minutes due to degradation by the enzyme 

dipeptidyl peptidase-4 (DPP-4). To address this limitation, scientists have developed two 

classes of drugs: DPP-4 inhibitors, such as linagliptin and sitagliptin, and GLP-1 analogs (also 

named GLP-1 receptor agonists), including semaglutide, liraglutide, exenatide, lixisenatide, 

and dulaglutide, which mimic GLP-1 while resisting DPP-4 degradation. (Table 1) GLP-1 

analogs and their mechanisms of action form the focus of this review. Some GLP-1 analogs, 

similar to the native GLP-1 hormone, have the capacity to cross the blood brain barrier (BBB), 

allowing them to directly influence central nervous system functions.35 

 

Table 1.36, 37 

GLP-1 receptor agonists 

Parameters Liraglutide Semaglutide Dulaglutide Exenatide Lixisenatide 

Tmax [h] 9-12 165-184 90 2.4 3 

Bioavailability [%] 55 89 47-65 22-25 N/A 

Ability to cross the BBB YES NO NO YES YES 

 

Explanation of abbreviations: Tmax: time to reach maximum concentration; NA: not available. 

 

GLP-1 receptor agonists act directly on the hypothalamus, targeting brain regions that 

regulate hunger and satiety. Studies have shown that these drugs reduce snacking, enhance 

feelings of fullness, and decrease overall energy intake. This leads to weight loss in individuals, 
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including those with diabetes or obesity, as well as in healthy populations.32, 38 Research 

indicates that GLP-1 receptor agonists may exhibit neuroprotective effects, enhancing neuronal 

function and survival. These agents could potentially mitigate the risk or slow the progression 

of neurodegenerative conditions. Evidence suggests that GLP-1 receptor agonists support 

synaptic integrity by preserving existing connections and promoting the formation of new 

synapses, underscoring their therapeutic potential for Alzheimer's disease.39, 40  

 

The Effect of GLP-1 in Type 3 Diabetes 

 

Neuroinflammation is a hallmark of Alzheimer’s disease, compromising the blood-brain 

barrier and allowing harmful substances and signaling molecules like TNF-a and Il-b to 

infiltrate the brain. This inflammatory state damages neurons and can lead to cells death. 

Research indicates that GLP-1 analogues such as liraglutide, exenatide, and lixisenatide possess 

neuroprotective properties.41–43 Astrocytes and microglia play a significant role in triggering 

neuroinflammation. Studies have demonstrated that liraglutide treatment reduces microglial 

activation and decreases levels of pro-inflammatory cytokines, such as IL-6 and IL-1β.44 

Additionally, another study found that administering liraglutide mitigates neuroinflammation 

while preventing memory impairment in APP-PS1 mice models of Alzheimer’s disease.45 

These drugs have been shown to reduce neuroinflammation and enhance cognitive function, 

making them promising candidates for addressing both the symptoms and progression of 

Alzheimer’s disease.  

 GLP-1 receptor agonists have shown the ability to reduce beta-amyloid accumulation 

and tau hyperphosphorylation in the brain, thereby improving cognitive functions. Studie by 

Perry et al. demonstrated that GLP-1 reduces endogenous beta-amyloid levels.46 Other research 

highlighted that lixisenatide decreases neurofibrillary tangles and amyloid plaques,47,48 while 

liraglutide and dulaglutide have been shown to lower tau hyperphosphorylation.49–51 These 

mechanisms collectively enhance memory and cognitive abilities, suggesting the therapeutic 

potential of GLP-1 analogs in neurodegenerative diseases such as AD.  

 One of the key functions of GLP-1 is to regulate cell growth and differentiation while 

interrupting pro-apoptotic processes.52 Studies have shown that intraperitoneal injection of 

GLP-1 analogs enhances neural stem cells and neurogenesis in the dentate gyrus.53 Additionally, 

prolonged administration of liraglutide has been found to stimulate the proliferation of stem 

cells and their differentiation into mature neurons.54 Moreover, research indicates that GLP-1 

analogs enhance synaptic plasticity. Liraglutide has been shown to prevent synapse loss in the 
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hippocampus of APP/PS1 mice and improve synaptic plasticity in control mice.55 Another study 

demonstrated that liraglutide protects synapses from damage caused by beta-amyloid.56 These 

findings highlight the potential of GLP-1 analogs to support synaptic function and positively 

influence neural stem cell proliferation and differentiation, both of which are critical factors in 

preserving cognitive abilities and addressing neurodegenerative diseases such as AD.  

 Research suggests that GLP-1 analogs may reduce oxidative stress and associated 

mitochondrial dysfunction. Spielman et al. demonstrated that these drugs decrease oxidative 

stress in microglia by inhibiting the accumulation of reactive oxygen species and nitric oxide 

(NO).57 Additionally, Xie et al. reported that liraglutide alleviates mitochondrial dysfunction,58 

while other studies have shown similar effects for exenatide.59 A significant pathological 

mechanism in neurodegenerative diseases is neuronal apoptosis. Numerous studies have shown 

that GLP-1 analogs can inhibit signaling pathways leading to apoptosis.60–62 Perry et al. 

demonstrated that GLP-1 and exendin-4 protects hippocampal neurons in cultured rats by 

preventing apoptosis.63 Similarly, other research revealed that exendin-4 counteracts apoptosis 

induced by amyloid-b.64 On the other hand, GLP-1 analogs possess the ability to enhance 

autophagy, which serves to protect neurons from damage. Research has shown that treatment 

with exenatide-4 in diabetic rats induced autophagy in cortical cells.65 Similarly, other studies 

have demonstrated comparable effects for semaglutide and liraglutide,66, 67 highlighting their 

role in promoting neuronal resilience. These findings further emphasize the therapeutic 

potential of GLP-1 analogs in addressing neurodegenerative conditions.  

 Insulin resistance in the brain, which is observed in AD (sometimes referred to as "type 

3 diabetes"), plays a significant role in its pathology. Studies have demonstrated that treatment 

with liraglutide improves neuronal insulin sensitivity. This improvement is accompanied by a 

reduction in amyloid-beta formation and decreased tau hyperphosphorylation, which are key 

features of AD.68 Liraglutide improves insulin signaling by reducing phosphorylation of the 

ERK and JNK pathways, which are linked to tau hyperphosphorylation.69 Exendin-4 increases 

insulin levels and enhances insulin receptor signaling in the hippocampus, but its ability to 

reduce tau hyperphosphorylation depends on the presence of insulin.70 This suggests that the 

neuroprotective effects of GLP-1 receptor agonists require proper insulin signaling. Gejl et al. 

demonstrated that 26 weeks of liraglutide treatment in AD patients prevented a decline in 

glucose metabolism, which is often linked to cognitive impairment and disease progression.71 

Furthermore, patients with T2DM, who are at higher risk of developing AD, showed a reduced 

risk of AD when treated with liraglutide, exenatide, or dulaglutide.72 Studies show that GLP-1 
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analogs demonstrate therapeutic potential associated with the development and progression of 

AD, known as type 3 diabetes. 

 

Conclusion  

 

In conclusion, GLP-1 analogs exhibit a multifaceted neuroprotective potential in 

Alzheimer’s disease, a condition often referred to as type 3 diabetes due to its association with 

brain insulin resistance. These therapies address key pathological processes, including reducing 

neuroinflammation, mitigating oxidative stress, and enhancing mitochondrial function. They 

also support synaptic plasticity, prevent neuronal apoptosis, and promote neural stem cell 

proliferation and differentiation. Furthermore, GLP-1 analogs improve brain insulin sensitivity, 

reducing tau hyperphosphorylation and amyloid-beta accumulation - hallmarks of AD 

pathology. Collectively, these effects contribute to preserving cognitive function and slowing 

disease progression. These therapies represent a new hope in the treatment of AD. However, 

further extensive research is necessary to fully understand their mechanisms and long-term 

efficacy.  
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