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Abstract 

AThe most common form of dementia worldwide is AD (Alzheimer's disease). Currently, over 55 million people 

worldwide are living with dementia, and this is projected to more than triple by 2050. It is a slowly progressive 

neurodegenerative disease, defined by the build-up of amyloid-beta (A) plaques, neurofibrillary tau tangles, 

inflammation, loss of synapses, and neurons. The disease occurs along a continuum, starting from the preclinical 

stages of the disease, leading to mild cognitive impairment and eventually the full disease of dementia, with 

pathological changes occurring decades before the onset of clinical symptoms. We look at genetic risks for AD 

(e.g., APOE4) as well as cardiovascular and modifiable lifestyle risks. We look at the current treatment strategies 

that are FDA approved: cholinesterase inhibitors, memantine, and the newly approved anti-amyloid monoclonal 

antibodies, lecanemab and donanemab, as well as emerging new treatments, non-pharmacological treatments, and 

preventions. To identify new therapeutic targets to prevent, delay, or modify the disease course and to formulate 

management strategies, we must appreciate the complex, multifactorial nature of AD. 
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1. Introduction 

Alzheimer's disease (AD) is the most common neurodegenerative disease and the leading cause of dementia in 

individuals 65 years of age and older. It was first reported by Alois Alzheimer in 1906, and it has grown from 

an obscure clinical phenomenon to a massive societal health crisis impacting the health systems, economies, and 

cultures of nations throughout the world. Alzheimer's is defined by its progressive cognitive and behavioural 

impairment and functional deterioration leading to a terminal state. [1]. The traditional pathological features that 

define Alzheimer's disease are extracellular amyloid-beta (A) protein deposits in senile plaques and intracellular 

hyperphosphorylated tau protein aggregates in neurofibrillary tangles (NFTs). It is widely understood now that 

Alzheimer's is an even more complex disease with multiple interconnected pathomolecular mechanisms, including 

but not limited to, mitochondrial dysfunction, oxidative stress, neuroinflammation, synaptic loss, blood-brain 

barrier dysfunction, and dysregulated metabolism [2]. The economic and social cost of Alzheimer's disease is truly 

catastrophic. Current global estimates suggest that 55 million people have dementia globally, and AD is the cause 

for 60-80% of these cases. It is predicted that these numbers will reach 152 million by 2050 as the global 

population ages, and the global costs will continue to increase from over $1 trillion annually in 2018. The 

emotional and psychological impact on patients, caregivers and families are immeasurable [3].Other than decades 

of intense investigation and many clinical trials, treatments remain scarce. Until recently, only drugs targeting 

symptoms with no influence on disease course were available. The 2023 approval of lecanemab and the 2024 

approval of donanemab by the FDA, were considered the first disease-modifying drugs and provided a small 

slowing in cognitive decline [4] 

 

2. Pathophysiology of Alzheimer's Disease 

2.1 The Amyloid Cascade Hypothesis 

The amyloid cascade hypothesis has been the principal theory driving Alzheimer's disease research for more than 

30 years, suggesting that the accumulation of Ab peptides is the initial event that triggers AD pathology. Ab is 

generated from the sequential processing of amyloid precursor protein (APP) by, or -secretase (BACE1) and γ-

secretase enzymes. This processing generates various forms of Ab peptide, of which the A40 and A42 forms are 

the most abundant, with A42 being the form more susceptible to aggregation and neurotoxicity. Under normal 

physiological circumstances, Ab production and clearance exist in a homeostatic balance, which is dysregulated 

in AD, leading to the accumulation, oligomerization, and formation of insoluble Ab plaques. It is thought that the 

soluble Ab oligomers are the neurotoxic species responsible for disruption of synaptic function, induction of 

oxidative stress and elicitation of inflammatory responses before plaque formation.Recent works have revised the 

amyloid hypothesis to account for the idea that Ab pathology alone does not fully encompass all aspects of AD. 

This is reflected by the 2024 revised Alzheimer's Association criteria: this uses a biological stage framework that 

includes both amyloid and tau biomarkers, taking into account heterogeneity, co-pathologies, and cognitive 

resilience. [5],[6] 
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Fig.1 Amyloid Cascade 

 

2.2 Tau Pathology and Neurofibrillary Tangles 

Tau Protein and Neurofibrillary Tangles: Tau is a microtubule-associated protein that functions to support 

neuronal cytoskeletal organization, intracellular signalling, and axonal transport. In AD, tau becomes abnormally 

hyperphosphorylated, detaches from microtubules, and forms aggregated paired helical filaments that are the 

hallmark component of neurofibrillary tangles (NFTs). Unlike the relatively static nature of A pathology, tau 

pathology expands over time to anatomically connected areas of the brain in a progressive and predictable way 

(Braak staging). The spatial pattern of tau deposition and propagation through the brain is highly correlated with 

cognitive decline and neuronal loss, more so than A burden. Although A likely initiates the cascade of disease, 

tau pathology likely drives subsequent neurodegeneration, leading to clinical progression. Indeed, recent work 

has suggested that A oligomers may act to increase the phosphorylation and propagation of tau in an iterative 

loop. P-tau has been recognized as a central marker for the presence of AD, with specific phosphorylated tau 

species, p-tau217, p-tau181, and p-tau231 showing significant potential for diagnosis and tracking. Importantly, 

these p-tau biomarkers are now reliably detectable in both CSF and blood.[7],[8],[9] 

 

2.3 Neuroinflammation and Microglial Dysfunction 

Neuroinflammation is an essential part of the pathogenesis of AD, and its main cellular effectors are microglia. 

The resident immune cells of the brain, microglia, usually exhibit a protective function, such as the clearance of 

cellular debris through phagocytosis, pruning of synapses, and neuroprotection. However, chronically activated 

microglia have a detrimental impact on the brain in AD, sustaining a prolonged inflammatory reaction that 

underlies neurodegeneration. Activated microglia have been found to aggregate at the sites of A plaques and to 

secrete pro-inflammatory cytokines (such as IL-1, IL-6, and TNF-) and the formation of reactive oxygen species 

(ROS), contributing to neurotoxicity. This chronic inflammatory response creates a self-sustaining loop that 

promotes accumulation of A, phosphorylation of tau, and neuronal injury. Multiple AD risk genes have been 

discovered that are involved in microglial functions and innate immune responses, including TREM2, CD33, and 

CR1. There is emerging evidence to support the view that microglia are not homogeneous but possess a range of 

activation phenotypes rather than just the standard M1/M2 polarization. Microglia adopt a specific state known as 

disease-associated microglia (DAM) during neurodegeneration, which has been associated with a specific gene 

expression profile and functionally distinctive properties. The study of the diversity of microglial states and their 

dynamic changes holds promise as therapeutic strategies for control of neuroinflammation.[10],[11] 

 

2.4 Mitochondrial Dysfunction and Energy Metabolism 

Mitochondrial dysfunction and impaired energy metabolism are early and striking features of AD. Neurons have 

a high energy demand due to the tremendous energetic requirements of the brain and therefore are very 

susceptible to mitochondrial dysfunction. Multiple aspects of mitochondrial function are disrupted in AD, 

including oxidative phosphorylation, ATP production, calcium homeostasis,

 and mitochondrial dynamics (fission, fusion, and 

mitophagy).Decreased brain glucose metabolism is detectable via FDG-PET, several years prior to clinical 

manifestation of AD. Glucose hypometabolism in AD is most pronounced in temporoparietal areas and it leads 

to synaptic dysfunction and neuronal susceptibility to death. Mitochondrial dysfunction results in increased ROS 
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production, which leads to oxidative damage of lipids, proteins, and DNA, and exacerbates disease pathogenesis.It 

has also become evident that there is a reciprocal relationship between mitochondrial dysfunction and AD 

pathology. An oligomer and hyperphosphorylated tau can induce mitochondrial dysfunction and dysfunction 

of mitochondria can further lead to enhanced A production and tau hyperphosphorylation. This vicious 

cycle will therefore exacerbate the development of AD. Mitochondrial enhancement offers potential therapeutic 

targets.[12],[13],[14] 

 

 
 

Fig.2 Mitochondrial Dysfunction and Energy Metabolism in Alzheimer’s Disease 

 

2.5 Synaptic Dysfunction and Neuronal Loss 

Synaptic loss appears to be the best neuropathological correlate of cognitive deficit in AD, with it predating 

neuronal death. Dendritic spines (the postsynaptic sites of excitatory synapses) are also highly susceptible to 

damage in AD. They are known to exhibit specific patterns of association with tau pathology (that is, they 

are clustered around it), thus implying tau-mediated synaptic injury.[15]. Aß oligomers (soluble ones at least) 

are shown to have a strong affinity to synapses, where they are responsible for LTP dysfunction, an alteration of 

neurotransmitter release, and receptor trafficking. They have a destabilizing effect on synaptic plasticity (the 

cellular basis of learning and memory), and the expression and localization of multiple proteins in the postsynaptic 

density (PSD-95, neurogranin), presynaptic region (synaptophysin, SNAP-25), and adhesion molecules are altered 

in AD. [16]. The reasons why certain neuronal populations and regions of the brain are susceptible to damage 

over others are complex and likely related to metabolic demand, neuronal connectivity and the differential 

expression of risk genes, among other things. Neurons in the hippocampus and entorhinal cortex are among the 

earliest to be damaged and this correlates to the typical early presentation of AD as an episode memory 

impairment. Elucidating mechanisms of neuronal vulnerability/resilience provides a potential therapeutic avenue 

for neuroprotection.[17] 

2.6 Vascular Contributions and Blood-Brain Barrier Dysfunction 

Vascular pathology frequently co-exists with AD neuropathology and makes a considerable contribution to 

cognitive dysfunction. Cerebrovascular dysfunction is characterized by decreases in cerebral blood flow and 

impairment in neurovascular coupling, breakdowns in the blood brain barrier (BBB) and cerebral amyloid 

angiopathy. These cerebrovascular changes can develop early in AD and synergize with AD pathology.[19] BBB 

breakdown allows peripheral immune cells and inflammatory factors to enter the brain and promote 

neuroinflammation. In addition, disruption of A clearance across the BBB will promote an accumulation. The 

relationship between vascular risk factors (hypertension, diabetes and atherosclerosis) and AD is well established, 

and they may advance the disease process by inducing changes such as hypoxia, inflammation, and metabolic 

perturbations. The glymphatic system is a newly identified pathway for waste clearance within the brain, which 

provides another avenue through which brain vascular function, sleep, and AD can be linked. Glymphatic 

clearance operates most effectively during sleep and is responsible for removing A as well as other metabolic 

wastes. It can be disturbed by aging, cerebrovascular disease and sleep disruption, which may consequently play 

a role in the accumulation and the development of AD. [18] 

 

3. Disease Progression and Clinical Stages 

3.1 The Alzheimer's Continuum 

At present, AD is believed to be a continuous process that occurs on a continuum starting at preclinical AD and 

ending in dementia, also with MCI in between. This has been updated to include in the 2024 Alzheimer’s 

association criteria and that there is pathology in the brain for 15-20 years before any clinical presentation. The 
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progression is then classified as: 

Preclinical AD-The individual has the pathology for AD (buildup of A, tau, or both) but no cognitive impairment. 

However, some with preclinical AD may complain of subjectively impaired cognition (SCD) without evidence of 

objective impairment on cognitive testing. Based on biomarker data, roughly 20-40% of older adults who are 

cognitively normal already have preclinical AD. 

Prodromal AD (MCI due to AD): Subject has objective cognitive decline (most commonly an episodic memory 

deficit) but is independent in daily activities. An estimated 10-15% of individuals with MCI develop AD dementia 

per year, although this is quite variable and dependent on biomarkers. 

AD dementia: Decline is severe enough to cause significant impairment in function and the loss of independence 

in daily activities. AD dementia exists as mild, moderate, and severe forms; average lifespan after diagnosis is 4-

8 years, but with a significant range. (20) 

 

Table:1 Cognitive vs Functional Decline Stages in Alzheimer’s Disease 

Disease Stage Cognitive Decline Functional Decline 

Preclinical AD No obvious clinical symptoms Subtle 

memory inefficiency may be detectable on 

sensitive tests Biomarker positivity (Aβ, 

tau) 

Normal daily functioning Independent in 

all ADLs and IADLs 

Mild Cognitive 

Impairment (MCI) due to AD 

Episodic memory impairment 

(recent events, conversations) Mild 

deficits in attention and executive 

function 

Mild difficulty in complex IADLs. 

Problems with finances, medication 

management, and planning. 

Mild Alzheimer’s 

Dementia 

Marked memory loss 

Language difficulties (word-

finding, naming) 

Impaired visuospatial skills Reduced 

insight 

Impairment in most IADLs. Difficulty

 with shopping, cooking, and 

transportation Requires occasional 

assistance 

Moderate Alzheimer’s 

Dementia 

Severe memory impairment. 

Disorientation to time and place. Executive 

dysfunction. 

Dependence in basic ADLs. Assistance 

required for dressing, bathing, toileting. 

Severe Alzheimer’s 

Dementia 

Profound cognitive impairment. Minimal 

verbal communication. Loss of 

recognition of family members. 

Severe BPSD 

Complete dependence. 

Loss of ambulation and 

swallowing. 

Bedridden 

Complications: infections, 

aspiration pneumonia 

 

3.2 Biomarker Staging and Disease Trajectory 

ATN biomarkers can define stages based on the status of amyloid (A), tau (T), and neurodegeneration (N) for an 

individual and gives a biological stage that does not correlate directly with the clinical stage.21 This is useful to 

identify individuals in the preclinical state and for prediction of progression.22 Studies involving staged cohorts 

have shown that the biomarkers develop in a relatively consistent order (the A, T, N, and finally cognitive 

changes).[23] Although this general pattern exists, an individual’s course is likely to be very heterogeneous. [24] 

Some individuals possess high pathology with little or no clinical signs of dementia, displaying cognitive reserve. 

Others with little pathology can show remarkably fast disease progression. [25] This heterogeneity is likely due 

to factors such as genes, cognitive reserve, pathologies (vascular, LBD, TDP-43), etc. (26)(27)(28) 

 

3.3 Cognitive and Functional Decline 

Early AD will typically show a profile of episodic memory loss, the earliest involvement of regions being the 

hippocampus and entorhinal cortex. (29) The range of impairment widens in later disease and also affects 

language, visuospatial abilities, executive function and attention. 

(30) The presence of BPSD is common in the majority of sufferers and include depression, anxiety, apathy, 

aggression, agitation, psychosis and sleep disturbances. (31) The decline in functional abilities follows the typical 

pattern: in the early stages, impairment is seen in IADLs such as financial affairs, medication management and 

use of transport, (32), (33). As the disease progresses, impairment occurs in the ADLs; eating, dressing, bathing 

and toileting need assistance, (34). The advanced stage patient becomes completely dependent, eventually losing 

the ability to ambulate or swallow which can lead to infection, aspiration and pneumonia (35) 
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4. Risk Factors for Alzheimer's disease 

4.1 Genetic Risk Factors 

APOE genotype: Genetic risk factor that shows the greatest effect on late-onset AD. Carriers of the APOE 4 allele 

are 3-4 times more likely to develop AD compared to non-carriers in heterozygous state, 8-12 times more likely 

when homozygous. Protective effect seen in the 2 allele. 65% of patients with AD carry at least one copy of APOE 

4[36-38]. The APOE4 genotype is implicated in many disease mechanisms including clearance of A, tau 

pathology, neuroinflammation, lipid metabolism,BBB function, mitochondrial function [39-41]. Recent research 

has revealed that APOE4 carriers develop pathology earlier and have a faster disease progression and 

characteristic regional distribution of brain atrophy compared to non-carriers [42,43], the difference in the former 

appears to be sex-specific and that women are more susceptible to APOE4 associated neurodegeneration [44]. 

APOE genotype has an impact on therapeutic intervention; APOE4 carriers exhibit increased rates of ARIA with 

anti-amyloid monoclonal therapy [45, 46]. The identification of APOE mechanisms in disease has identified new 

targets for therapy and the criteria to treat in AD [47]. 

Rare genetic variants: Family members of families affected by autosomal dominant forms of EOAD, where a 

person inherits a mutation in one of APP, PSEN1, or PSEN2 that results in the development of AD before age 65 

typically in<1% of cases[48,49]. These mutations result in deterministic AD. Study of EOAD families has been 

invaluable in understanding AD pathology and the trajectory of biomarkers in AD [50]. 

Polygenic risk: As well as the effect of APOE on risk of developing AD, GWAS studies have identified >75 genes 

whose associated variations correlate to the risk of developing AD[51,52]. Many of these are genes implicated in 

biological mechanisms such as immunity (TREM2,CD33, CR1) lipid metabolism (CLU, ABCA7) endocytosis 

(PICALM, BIN1) and tau biology (MAPT)[53-55]. The use of polygenic risk scores combining many small effects 

on risk will increase predictive ability beyond that provided by APOE alone [56]. 

4.2 Cardiovascular and Metabolic Risk Factors 

Hypertension: Midlife hypertension is a major modifiable risk factor for AD and increases risk for AD by 40-60% 

in several studies. [57-59] The mechanisms by which hypertension affects AD pathogenesis include BBB damage, 

impaired cerebral blood flow, vascular damage and the development of vascular pathology and AD 

neuropathology. [60,61] With progression of the disease blood pressure changes. It has been demonstrated that 

late-life hypotension is associated with more rapid decline and this is suspected to represent effects on the 

autonomic nervous system by the disease. [62,63] 

Diabetes Mellitus: Type 2 diabetes increases AD risk by approximately 1.5-2-fold. [64,65]. The proposed 

mechanisms involve insulin resistance and changes in A and tau metabolism, inflammation, oxidative stress and 

vascular complications. [66- 68] This has led to the suggestion that AD is "type 3 diabetes" because of insulin 

resistance occurring in the brain. Management of diabetes and the administration of insulin-sensitizing 

medications are possible prevention strategies. [69,70] 

Obesity and Metabolic Syndrome: Midlife obesity increases AD risk, and although associations are somewhat 

conflicting with late-life obesity appearing protective possibly due to effects of weight loss due to the disease [71-

73]. Combined with obesity, metabolic syndrome, which is characterized by a constellation of dyslipidemia, 

hypertension, and insulin resistance, carries a greater risk of dementia as each feature contributes cumulatively to 

the development of dementia and involves inflammatory and oxidative mechanisms. [74,75] 

Dyslipidemia: The associations between cholesterol and AD are still complex and controversial. Midlife 

hypercholesterolemia is thought to increase the risk of AD, whereas associations with late-life may be less 

convincing. [76,77] Results for the use of statins for prevention are mixed among observational and intervention 

studies. [78,79] The biochemical associations between 

cholesterol metabolism and the processing of APP and A metabolism add to the mechanistic plausibility. [80,81] 

 

Conclusion: 

Alzheimer's disease (AD) represents one of the most daunting problems in medicine, affecting millions across the 

globe in devastating personal and societal ways. The last decade has produced a revolution in our knowledge of 

the pathophysiology of AD with understanding the complex interrelationships between genetic risk factors, aging 

processes, metabolic dysfunction, vascular pathology, inflammation and lifestyle influences. Combined, these 

factors define a person's risk of developing AD and dictate the rate at which the disease will progress. 

Much has been accomplished. We are closer than ever before to achieving easily accessible and scalable detection 

of AD with the development of blood-based biomarkers. With the recent FDA approvals of lecanemab and 

donanemab we now have proof-of-principle that the disease course can be altered by removing the amyloid plaque 

with the inherent but modest therapeutic effect of the drug suggesting much more therapeutic improvement is 

needed and achievable. In addition, the realization of many preventable risk factors for AD suggests that risk 

reduction will soon become a realistic goal through lifestyle modification and management of cardiovascular risk 

factors. 

Significant challenges, however, still exist. Existing disease-modifying therapies are minimally effective and face 

several issues including ARIA and its associated risks, high cost and requirement for administration in early 

disease. There have been many recent disappointments with drug development programs, specifically in tau-

targeting therapies and the gulf between promising pre-clinical work and successful clinical translation remains 

substantial. Health equity remains a major problem with minority populations being underrepresented in clinical 

research and facing barriers to diagnosis and treatment. 

Successful advancement of the field in the coming years will likely be the result of multi-pronged approaches. 
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Combination therapy targeting multiple pathological processes at once will be a necessary strategy. Targeting of 

AD at even earlier, pre-clinical stages, will require innovative and ethical methods for trial design, as may more 

personalized approaches that utilize an individual's specific risk factors, disease sub-type and biomarker profile. 

Lifestyle modification will be key to the population-wide prevention of AD. 

Substantial research investment, inventive clinical trial designs, technological advancements, equitable treatment 

strategies and inter-sectorial collaboration between academic, industrial, government entities and patient advocacy 

groups are required. While still a devastating illness, there is now hope for a successful approach to the prevention, 

slowing or even stopping of the development and progression of AD. 

 

References 

1. Twiss E, McPherson C, Weaver DF. Global Diseases Deserve Global Solutions: Alzheimer's Disease. Neurol 

Int. 2025 Jun 14;17(6):92. doi: 10.3390/neurolint17060092. PMID: 40559330; PMCID: PMC12196516. 

2. Hampel, H., Hardy, J., Blennow, K. et al. The Amyloid-β Pathway in Alzheimer’s Disease. Mol 

Psychiatry 26, 5481–5503 (2021). https://doi.org/10.1038/s41380-021-01249-0 

3. Qin R, Zhao H, Gao H, Liu H (2025) Global trends in Alzheimer’s disease and other dementias: A 

comprehensive analysis of incidence, socio-demographic variations, and future projections. PLoS One 20(12): 

e0338018. https://doi.org/10.1371/journal.pone.0338018 

4. Waite LM. New and emerging drug therapies for Alzheimer disease. Aust Prescr. 2024 Jun;47(3):75-79. doi: 

10.18773/austprescr.2024.021. PMID: 38962384; PMCID: PMC11216914. 

5. Ricciarelli R, Fedele E. The Amyloid Cascade Hypothesis in Alzheimer's Disease: It's Time 

to Change Our Mind. Curr Neuropharmacol. 2017;15(6):926-935. doi: 10.2174/1570159X15666170116143743. 

PMID: 28093977; PMCID: PMC5652035. 

6. Castellani, Rudy J.; Plascencia-Villa, Germán; Perry, George. (2019). The amyloid cascade and Alzheimer’s 

disease therapeutics: theory versus observation. Laboratory Investigation, (), – 

. doi:10.1038/s41374-019-0231-z 

7. Ivanova AV, Kutuzova AD, Kuzmichev IA, Abakumov MA. Alzheimer's Disease: From Molecular 

Mechanisms to Promising Therapeutic Strategies. Int J Mol Sci. 2025 Sep 26;26(19):9444. doi: 

10.3390/ijms26199444. PMID: 41096712; PMCID: PMC12524813. 

8. Zhang J, Kong G, Yang J, Pang L, Li X. Pathological mechanisms and treatment progression of Alzheimer's 

disease. Eur J Med Res. 2025 Jul 14;30(1):625. doi: 10.1186/s40001-025-02886-9. PMID: 40660381; PMCID: 

PMC12261696. 

9. Zhang, J., Zhang, Y., Wang, J. et al. Recent advances in Alzheimer’s disease: mechanisms, clinical trials and 

new drug development strategies. Sig Transduct Target Ther 9, 211 (2024). https://doi.org/10.1038/s41392-024-

01911-3 

10. Cai Y, Liu J, Wang B, Sun M, Yang H. Microglia in the Neuroinflammatory Pathogenesis of Alzheimer's 

Disease and Related Therapeutic Targets. Front Immunol. 2022 Apr 26;13:856376. doi: 

10.3389/fimmu.2022.856376. PMID: 35558075; PMCID: PMC9086828. 

11. Hampel, H., Hardy, J., Blennow, K. et al. The Amyloid-β Pathway in Alzheimer’s Disease. Mol 

Psychiatry 26, 5481–5503 (2021). https://doi.org/10.1038/s41380-021-01249-0 

12. Spina E, Ferrari RR, Pellegrini E, Colombo M, Poloni TE, Guaita A, Davin A. Mitochondrial Alterations, 

Oxidative Stress, and Therapeutic Implications in Alzheimer's Disease: A Narrative Review. Cells. 2025 Feb 

6;14(3):229. doi: 10.3390/cells14030229. PMID: 39937020; PMCID: PMC11817193. 

13. Yang, H.-M. Mitochondrial Dysfunction in Neurodegenerative Diseases. Cells 2025, 14, 

276. https://doi.org/10.3390/cells14040276 

14. Cheng Y, Bai F. The Association of Tau With Mitochondrial Dysfunction in Alzheimer's Disease. Front 

Neurosci. 2018 Mar 22;12:163. doi: 10.3389/fnins.2018.00163. PMID: 29623026; PMCID: PMC5874499. 

15. Walker CK, Greathouse KM, Boros BD, Poovey EH, Clearman KR, Ramdas R, Muhammad HM, 

Herskowitz JH. Dendritic Spine Remodeling and Synaptic Tau Levels in PS19 Tauopathy Mice. Neuroscience. 

2021 Feb 10;455:195-211. doi: 10.1016/j.neuroscience.2020.12.006. Epub 2020 Dec 17. PMID: 33346120; 

PMCID: PMC8142378. 

16. Lacor PN, Buniel MC, Chang L, Fernandez SJ, Gong Y, Viola KL, Lambert MP, Velasco PT, Bigio EH, 

Finch CE, Krafft GA, Klein WL. Synaptic targeting by Alzheimer's-related amyloid beta oligomers. J Neurosci. 

2004 Nov 10;24(45):10191-200. doi: 10.1523/JNEUROSCI.3432-04.2004. PMID: 15537891; PMCID: 

PMC6730194. 

17. Carroll T, Guha S, Nehrke K, Johnson GVW. Tau Post-Translational Modifications: Potentiators of 

Selective Vulnerability in Sporadic Alzheimer's Disease. Biology (Basel). 2021 Oct 15;10(10):1047. doi: 

10.3390/biology10101047. PMID: 34681146; PMCID: PMC8533264. 

18. Sweeney MD, Sagare AP, Zlokovic BV. Blood-brain barrier breakdown in Alzheimer disease and other 

neurodegenerative disorders. Nat Rev Neurol. 2018 Mar;14(3):133-150. doi: 10.1038/nrneurol.2017.188. Epub 

2018 Jan 29. PMID: 29377008; PMCID: PMC5829048. 

19. Eisenmenger LB, Peret A, Famakin BM, Spahic A, Roberts GS, Bockholt JH, Johnson KM, Paulsen JS. 

Vascular contributions to Alzheimer's disease. Transl Res. 2023 Apr;254:41-53. doi: 10.1016/j.trsl.2022.12.003. 

Epub 2022 Dec 15. PMID: 36529160; PMCID: PMC10481451. 

https://doi.org/10.1038/s41380-021-01249-0
https://doi.org/10.1371/journal.pone.0338018
https://doi.org/10.1038/s41392-024-01911-3
https://doi.org/10.1038/s41392-024-01911-3
https://doi.org/10.1038/s41380-021-01249-0
https://doi.org/10.3390/cells14040276


213   Lubhan Singh et al.  

20. Dubois B, Hampel H, Feldman HH, Scheltens P, Aisen P, Andrieu S, Bakardjian H, Benali H, Bertram L, 

Blennow K, Broich K, Cavedo E, Crutch S, Dartigues JF, Duyckaerts C, Epelbaum S, Frisoni GB, Gauthier S, 

Genthon R, Gouw AA, Habert MO, Holtzman DM, Kivipelto M, Lista S, Molinuevo JL, O'Bryant SE, 

Rabinovici GD, Rowe C, Salloway S, 

Schneider LS, Sperling R, Teichmann M, Carrillo MC, Cummings J, Jack CR Jr; Proceedings of the Meeting of 

the International Working Group (IWG) and the American Alzheimer's Association on “The Preclinical State of 

AD”; July 23, 2015; Washington DC, USA. Preclinical Alzheimer's disease: Definition, natural history, and 

diagnostic criteria. Alzheimers Dement. 2016 Mar;12(3):292-323. doi: 10.1016/j.jalz.2016.02.002. PMID: 

27012484; PMCID: PMC6417794. 

21. Jack CR Jr, Bennett DA, Blennow K, et al. NIA-AA Research Framework: Toward a biological definition 

of Alzheimer’s disease. Alzheimer’s & Dementia. 2018;14(4):535–562. doi:10.1016/j.jalz.2018.02.018 

22. perling RA, Aisen PS, Beckett LA, et al. Toward defining the preclinical stages of Alzheimer’s disease: 

Recommendations from the NIA-AA workgroups. Alzheimer’s & Dementia. 2011;7(3):280–292. 

doi:10.1016/j.jalz.2011.03.003 

23. Jack CR Jr, Knopman DS, Jagust WJ, et al. Hypothetical model of dynamic biomarkers of the Alzheimer’s 

pathological cascade. The Lancet Neurology. 2010;9(1):119–128. doi:10.1016/S1474-4422(09)70299-6 

24. Young AL, Marinescu RV, Oxtoby NP, et al. Uncovering the heterogeneity and temporal complexity of 

neurodegenerative diseases with subtype and stage inference. Nature Communications.

 2018;9:4273. 

doi:10.1038/s41467-018-05892-0 

25. Bennett DA, Schneider JA, Arvanitakis Z, et al. Neuropathology of older persons without cognitive 

impairment from two community-based studies. Neurology. 2006;66(12):1837–1844. 

doi:10.1212/01.wnl.0000219668.47116.e6 

26. Mungas D, Reed BR, Farias ST, Decarli C. Age and education effects on relationships of cognitive test 

scores with brain structure in demographically diverse older persons. Psychology and  Aging.

 2009;24(1):116–128. doi:10.1037/a0013421 

27. Boyle PA, Yu L, Wilson RS, et al. Person-specific contribution of neuropathologies to cognitive loss in 

old age. Annals of Neurology. 2018;83(1):74–83. doi:10.1002/ana.25123 

28. Cummings J, Lee G, Ritter A, Sabbagh M, Zhong K. Alzheimer’s disease drug development pipeline: 2022. 

Alzheimer’s & Dementia: Translational Research & Clinical Interventions. 2022;8(1):e12295. 

doi:10.1002/trc2.12295 

29. Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta 

Neuropathologica. 1991;82(4):239–259. 

doi:10.1007/BF00308809 

30. Salmon DP, Bondi MW. Neuropsychological assessment of dementia. Annual Review of Psychology.

 2009; 60:257–282. doi: 

10.1146/annurev.psych.57.102904.190024 

31. Lyketsos CG, Carrillo MC, Ryan JM, et al. Neuropsychiatric symptoms in Alzheimer’s disease.

 Alzheimer’s & Dementia. 2011;7(5):532–539. 

doi:10.1016/j.jalz.2011.05.2410 

32. Peres K, Helmer C, Amieva H, et al. Natural history of decline in instrumental activities of daily living in 

dementia. Journal of the American Geriatrics Society. 2008;56(1):37–44. doi:10.1111/j.1532-5415.2007.01521.x 

33. Lawton MP, Brody EM. Assessment of older people: Self-maintaining and instrumental activities of daily 

living. The Gerontologist. 1969;9(3):179–186. doi:10.1093/geront/9.3_Part_1.179 

34. Galasko D, Bennett D, Sano M, et al. An inventory to assess activities of daily living for 

 clinical trials in Alzheimer’s disease. Alzheimer Disease & Associated Disorders. 1997;11(Suppl 2):S33–S39. 

35. Mitchell SL, Teno JM, Kiely DK, et al. The clinical course of advanced dementia. New England

 Journal of Medicine. 2009;361(16):1529–1538. 

doi:10.1056/NEJMoa0902234 

36. Corder EH, Saunders AM, Strittmatter WJ, et al. Gene dose of apolipoprotein E type 4 allele and the risk 

of Alzheimer’s disease. Science. 1993;261:921–923. 

37. Farrer LA, Cupples LA, Haines JL, et al. Effects of age, sex, and ethnicity on the association between 

apolipoprotein E genotype and Alzheimer disease. JAMA. 1997;278:1349–1356. 

38. Liu CC, Kanekiyo T, Xu H, Bu G. Apolipoprotein E and Alzheimer disease: risk, mechanisms and therapy. 

Nat Rev Neurol. 2013;9:106–118. 

39. Verghese PB, Castellano JM, Holtzman DM. Apolipoprotein E in Alzheimer’s disease and other 

neurological disorders. Lancet Neurol. 2011;10:241–252. 

40. Shi Y, Holtzman DM. Interplay between innate immunity and Alzheimer disease: APOE and TREM2 in 

the spotlight. Nat Rev Immunol. 2018;18:759–772. 

41. Mahley RW, Huang Y. Apolipoprotein E sets the stage: response to injury triggers neuropathology. Neuron. 

2012;76:871–885. 

42. Jack CR Jr, Wiste HJ, Weigand SD, et al. Age-specific population frequencies of cerebral β-amyloidosis 

and neurodegeneration. Lancet. 2014;383:254–262. 



214   Lubhan Singh et al.  

43. Risacher SL, Saykin AJ, West JD, et al. APOE genotype and brain atrophy in Alzheimer’s disease. 

Neurology. 2010;75:166–173. 

43.1 Altmann A, Tian L, Henderson VW, Greicius MD. Sex modifies the APOE-related risk of developing 

Alzheimer disease. Ann Neurol. 2014;75:563–573. 

44. Sperling RA, Jack CR Jr, Black SE, et al. Amyloid-related imaging abnormalities in amyloid-modifying 

therapeutic trials. Alzheimer’s Dement. 2011;7:367–385. 

45. Salloway S, Chalkias S, Barkhof F, et al. Amyloid-related imaging abnormalities in 2 phase 3 studies 

evaluating aducanumab. JAMA Neurol. 2022;79:13–21. 

46. Reiman EM, Arboleda-Velasquez JF, Quiroz YT, et al. Exceptionally low likelihood of Alzheimer’s 

dementia in APOE2 homozygotes. Nat Med. 2020;26:1544–1548. 

47. Goate A, Chartier-Harlin MC, Mullan M, et al. Segregation of a missense mutation in the amyloid precursor 

protein gene with familial Alzheimer’s disease. Nature. 1991;349:704–706. 

48. Sherrington R, Rogaev EI, Liang Y, et al. Cloning of a gene bearing missense mutations in early-onset 

familial Alzheimer’s disease. Nature. 1995;375:754–760. 

49. Bateman RJ, Xiong C, Benzinger TLS, et al. Clinical and biomarker changes in dominantly inherited 

Alzheimer’s disease. N Engl J Med. 2012;367:795–804. 

50. Lambert JC, Ibrahim-Verbaas CA, Harold D, et al. Meta-analysis of 74,046 individuals identifies 11 new 

susceptibility loci for Alzheimer’s disease. Nat Genet. 2013;45:1452–1458. 

51. Kunkle BW, Grenier-Boley B, Sims R, et al. Genetic meta-analysis of diagnosed Alzheimer’s disease 

identifies new risk loci. Nat Genet. 2019;51:414–430. 

52. Guerreiro R, Wojtas A, Bras J, et al. TREM2 variants in Alzheimer’s disease. N Engl J Med. 2013;368:117–

127. 

53. Bellenguez C, Küçükali F, Jansen IE, et al. New insights into the genetic etiology of Alzheimer’s disease. 

Nat Genet. 2022;54:412–436. 

54. De Rossi P, Buggia-Prevot V, Clayton BL, et al. BIN1 localization is distinct from tau tangles in 

Alzheimer’s disease. Brain. 2016;139:3007–3020. 

55. Escott-Price V, Shoai M, Pither R, et al. Polygenic risk score predicts Alzheimer’s disease beyond APOE. 

Transl Psychiatry. 2017;7:e1183. 

56. Kivipelto M, Helkala EL, Laakso MP, et al. Midlife vascular risk factors and Alzheimer’s disease in later 

life. BMJ. 2001;322:1447–1451. 

57. Launer LJ, Ross GW, Petrovitch H, et al. Midlife blood pressure and dementia. JAMA. 2000;283:1846–

1851. 

58. Whitmer RA, Sidney S, Selby J, et al. Midlife cardiovascular risk factors and risk of dementia. 

Neurology. 2005;64:277–281. 

59. Iadecola C. The pathobiology of vascular dementia. Neuron. 2013;80:844–866. 

60. Sweeney MD, Kisler K, Montagne A, et al. Blood–brain barrier dysfunction in Alzheimer disease. Nat Rev 

Neurol. 2018;14:133–150. 

61. Qiu C, Winblad B, Fratiglioni L. Low blood pressure and risk of dementia. Lancet Neurol. 2005;4:487–

499. 

62. Walker KA, Sharrett AR, Wu A, et al. Association of midlife to late-life blood pressure patterns with 

cognitive decline. JAMA Neurol. 2019;76:1–10. 

63. Biessels GJ, Staekenborg S, Brunner E, et al. Risk of dementia in diabetes mellitus. Lancet Neurol. 

2006;5:64–74. 

64. Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor for dementia. Diabetes Metab Res 

Rev. 2012;28:394–402. 

65. Craft S. Insulin resistance and Alzheimer’s disease pathogenesis. Lancet Neurol. 2007;6:631–

642. 

66. Arnold SE, Arvanitakis Z, Macauley-Rambach SL, et al. Brain insulin resistance in type 2 diabetes and 

Alzheimer disease. Nat Rev Neurol. 2018;14:168–181. 

67. de la Monte SM. Insulin resistance and Alzheimer’s disease. J Alzheimers Dis. 2009;16:475–

484. 

68. Qiu WQ, Folstein MF. Insulin, insulin-degrading enzyme and amyloid-β peptide. Neurobiol 

Aging. 2006;27:190–198. 

69. Ekblad LL, Johansson J, Helin S, et al. Midlife insulin resistance and cognitive decline. Neurology. 

2017;89:2267–2274. 

70. Whitmer RA, Gunderson EP, Barrett-Connor E, et al. Obesity in middle age and future risk of dementia. 

BMJ. 2005;330:1360. 

71. Dahl AK, Löppönen M, Isoaho R, et al. Overweight and obesity in old age and risk of dementia. Int 

J Obes. 2008;32:909–914. 

72. Singh-Manoux A, Dugravot A, Shipley M, et al. Obesity trajectories and risk of dementia. BMJ. 

2018;361:k1995. 



215   Lubhan Singh et al.  

73. Yaffe K, Weston AL, Blackwell T, Krueger KA. Metabolic syndrome and cognitive decline. JAMA. 

2009;292:2237–2242. 

74. Frisardi V, Solfrizzi V, Seripa D, et al. Metabolic-cognitive syndrome. Ageing Res Rev. 2010;9:399–

417. 

75. Notkola IL, Sulkava R, Pekkanen J, et al. Serum cholesterol and risk of Alzheimer’s disease. BMJ. 

1998;317:922–923. 

76. Reitz C, Tang MX, Luchsinger J, Mayeux R. Relation of plasma lipids to Alzheimer disease. 

Neurology. 2004;62:1945–1951. 

77. Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin and cognitive function. Lancet. 2002;360:1623–

1630. 

78. McGuinness B, Craig D, Bullock R, Passmore P. Statins for the prevention of dementia. Cochrane 

Database Syst Rev. 2016;1:CD003160. 

79. Puglielli L, Tanzi RE, Kovacs DM. Alzheimer’s disease: the cholesterol connection. Nat Neurosci. 

2003;6:345–351. 

80. Di Paolo G, Kim TW. Linking lipids to Alzheimer’s disease. Nat Rev Neurosci. 2011;12:284–

296. 


