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Abstract
Alzheimer's disease (AD) remains a major global health crisis due to its complex pathophysiology and limited therapeutic effectiveness. Despite advances in understanding key mechanisms such as amyloid-beta accumulation, tau pathology and neuroinflammation, current therapies provide limited clinical benefit. Multiple factors contribute to limitations and highlight the difficulty of translating scientific advancements into meaningful improvement in patient outcomes. This article provides a comprehensive and critical review of therapeutic, biological, clinical, and systemic barriers to effective Alzheimer's disease management as well as showcasing emerging strategies aimed to improve early detection, treatment approaches, and overall disease prevention.
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1. Introduction 
Alzheimer's Disease (AD) represents a growing global health crisis, with both prevalence and incidence increasing rapidly. Worldwide, the number of individuals affected is projected to rise from 30 million to over 106 million by 2050 [1]. In the United States alone, cases are estimated to rise from 5.8 to 13.8 million within the next 2 decades. Age is among the strongest and most significant risk factors for AD, with incidence increasing substantially in older populations (Figure 1). With an expected increase in life expectancy, the occurrence of AD is expected to grow correspondingly [2]. In addition to age, there are statistically significant findings that indicate differences in prevalence regarding sex. Women experience Alzheimer's at rates approximating 1.17 times higher than those of men [3]. 
Genetic susceptibility also plays a critical role in AD, particularly through Apolipoprotein E 4. (APOE4) allele. APOE4 is known as the strongest known genetic risk factor for Alzheimer's disease [4-6]. Risk associated with APOE4 is dose-dependent with individuals carrying one allele having a 2-3-fold risk while homozygous carriers increase the risk of developing AD by 9-12-fold [4,5]. Because of its significance, APOE4 population distribution has been widely studied to assess variation in risk across various populations. Studies have shown that the APOE4 allele is most observed in East Asian and Caucasian populations compared to Black and Hispanic populations [6]. 
Atrial fibrillation not only affect the heart function but may also induce the progression of cognitive impairment and AD [7-11]. A TREM-2 variant has been associated with a significant increase in risk of developing AD [12]. There is also a crosstalk between protective and detrimental effects of IL-1 family cytokines in AD [13-15].
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Figure 1: Risk factors in the pathogenesis of Alzheimer’s disease (AD).
With such a high prevalence, Alzheimer's disease also imposes a substantial economic burden. The global cost of dementia was estimated at nearly $1 trillion in 2015 and is projected to exceed $9 trillion by 2050 [16]. This estimate includes direct costs such as medical care and research as well as indirect costs that involve caregiving and loss of productivity. From a public health perspective, Alzheimer's disease represents a major health crisis. Socioeconomic status has been shown to have a significant influence on cognitive outcomes. Research suggests that individuals with lower socioeconomic status have white matter hyperintensities, ultimately providing evidence that social and economic play a critical role in AD risk and progression [17].

2. Etiology and Pathophysiology 
2a. Amyloid-beta pathology
Alzheimer's disease is most notably characterized by the accumulation of amyloid-beta peptides in the brain that form extracellular neuritic plaques. These peptides are derived from the cleavage of amyloid precursor proteins (APP) and their accumulation is associated with a disruption is cellular homeostasis and progressive neuronal degeneration [18]. Aside from plaque formation, the presence of small, soluble, amyloid-beta oligomers plays a critical role in neurotoxicity. These oligomers disrupt synaptic function, impair neutral communication, and trigger downstream cascades that lead to tau aggregation, inflammation, and neuronal degeneration [19]. Under amyloid-beta induced neurodegeneration in vitro studies, astrocytes and microglia cells showed altered functions, including the production of neurotrophic factors which caused reactive cellular response. The cellular response led to an inflammatory environment that only accelerated neurodegeneration [20]. 

2b. Tau pathology
Tau pathology represents a central component of AD. It is defined as the abnormal aggregation of intracellular tau proteins. Under normal conditions, tau functions as a microtubule-associated protein that stabilizes neutral structures. However, under Alzheimer's disease, hyperphosphorylation of tau proteins causes detachment from microtubules and leads to cytoskeletal instability and impaired neuronal transport [21,22]. Following detachment from microtubules, Tau begins to aggregate into helical filaments that form into intracellular neurofibrillary tangles that are strongly linked to neuronal degeneration [22]. These aggregates can also act as “seeds” that enable the spread of Tau aggregation between neurons that form distinct confirmations and are capable of self-replication and transcellular propagation, ultimately leading to disease progression and heterogeneity [23]. 
In addition to structural damage, Tau dysfunction causes various other neuronal disruptions. Tau-mediated silencing has been observed in mouse models, suggesting that tau pathology disrupts neuronal function prior to cell death. This results in impaired neuronal connectivity particularly in hippocampal and entorhinal regions which are critical for memory [24]. Furthermore, Tau dysfunction has been linked to broader neurodegenerative processes such as synaptic dysfunction and progressive neuronal loss [23,25]. Experimental models highlight association between tau dysfunction and hippocampal vulnerability, reinforcing its significant role in AD progression

2c. Neuroinflammation
Alzheimer's disease pathogenesis is not only restricted to neuronal components but is also shown to have a strong association with the immunological response in the brain due to stroke, traumatic brain injury, and other neurodegenerative diseases [26-32].  Neuroinflammation is primarily mediated by the activation of microglia and astrocyte cells [32-35]. In response to amyloid-beta accumulation, they release cytokines that contribute to neuronal damage [26]. While the inflammatory response is initially protective, prolonged and dysregulation periods can sustain extreme neurodegeneration [36]. At a cellular level, amyloid-beta accumulation is shown to directly cause astrocyte mitochondrial dysfunction. A lack of energy production ultimately leads to impaired brain homeostasis and exacerbation of AD progression [37].
Apart from glial activation, NLRP3 inflammasome pathway is also linked to Alzheimer's pathology. NLRP3 is a major regulator of inflammatory mediators that drive neuronal injury and cause cognitive decline [38-42]. Experimental models indicate that activation of this inflammatory pathway is widely associated with Alzheimer's disease progression by furthering the role of neuroinflammation as a central mechanism in AD pathogenesis. 

3. Current Therapies 
3a. Symptomatic therapies 
Pharmacological therapies for Alzheimer's diseases are primarily symptomatic and aim to improve cognitive function but are limited when it comes to altering the underlying pathology of AD. Currently, the most used therapies are acetylcholinesterase inhibitors and NMDA (N-Methyl-D-Aspartate) receptor antagonist, memantine [43] (Figure 2).
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Figure 2: Treatment strategies in Alzheimer’s disease. These include symptomatic therapies and disease modifying therapies. A, amyloid-beta; Ach, acetylcholine; NMDA, N-Methyl-D-Aspartate.

In individuals experiencing AD, acetylcholine is significantly reduced, causing significant memory and cognitive dysfunction. Acetylcholinesterase inhibitors such as donepezil, galantamine, and rivastigmine work by inhibiting the enzyme that functions to break acetylcholine [44]. Increasing availability of acetylcholine at synapses leads to improvements of cognition and memory function, although the magnitude of improvement is limited in most patients [45]. 
In contrast, Memantine targets glutamatergic signaling by acting as a non-competitive NMDA receptor antagonist [46]. A reduction in excessive receptor activation correspondingly reduces excitotoxic neuronal damage. Memantine works by modulating abnormal glutamate activation by preserving normal synaptic transmission, proving to be especially effective in moderate to severe stages of AD [46].
Symptomatic therapies are typically used in combination depending on disease severity and progression [43] and work to provide modest improvements in cognitive and functional outcomes, though their effects are supportive rather than disease modifying [44,45]. 

3b. Disease modifying treatments
Recent therapeutic developments in AD have shifted towards disease modifying approaches that target underlying pathology, with many focusing on amyloid-beta accumulation in the brain. Monoclonal antibodies such as aducanumab, lecanemab, and donanemab work by selectively binding to aggregated forms of amyloid-beta (Figure 2). Ultimately, these therapies facilitate immune-mediated clearance and reduce overall plaque burden [47-52]. Positron emission tomography provides amyloid imaging that supports evidence that these therapies work to reduce amyloid plaque deposits through microglial activation [53]. Multimodal artificial intelligence approaches have been used the early diagnosis of neurodegenerative diseases [54]. These therapeutic approaches directly target underlying pathology of Alzheimer's disease.
 Phytochemicals, vitamin D, and other nutritional elements interact with apolipoprotein E 4 and inflammatory cytokines to attenuate inflammatory response [55-58]. Indeed, higher concentrations of vitamin D and antioxidants are associated with better cognitive outcomes and thus helpful in Alzheimer’s disease [59]. Semaglutide can induce anti-inflammatory effects and thus has potential as a therapeutic strategy in Alzheimer’s disease [60,61].
Clinical trials have shown that these therapies produce biological and clinical changes. Lecanemab treated individuals have been found to have slower cognitive decline, especially when treated within early stages [62,63]. Donanemab has also demonstrated significant reductions in amyloid deposition and may represent improvements in cognitive and functional outcomes in clinical trials [49]. 

3c. Clinical considerations in Treatment Selection
 In clinical practice, selecting patients for pharmacological and non-pharmacological interventions is primarily determined by the severity and presentation of symptoms. Pharmacological therapies are typically reserved for individuals presenting with more severe stages of cognitive impairment or significant behavioral symptoms of dementia [63,64]. In contrast, non-pharmacological strategies including cognitive stimulation, environmental modifications, and behavioral interventions are primary approaches for managing mild cognitive and behavioral symptoms. The reason for this is to avoid adverse effects of medications while still providing improved patient outcomes [65]. More specifically, non-pharmacological outcomes have been shown to reduce agitation, mood swings, and caregiver burden which makes them especially valuable in early-stage diseases [66]. These approaches are often implemented with pharmacological treatments or may be used alongside medication as symptoms progress, allowing for a more individualized treatment strategy [65]. 

4. Limitations of Current Therapies
4a. Limitations of symptomatic treatment
Although current symptomatic therapies provide measurable clinical benefits, their overall impact on AD progression remains limited. Acetylcholinesterase inhibitors and memantine have been shown to produce only modest improvements in cognitive function with many patients experiencing minimal or variable responses to these therapies [44]. While some individuals demonstrate slight improvement or short-term stabilization, these effects do not translate into substantial long-term functional gains [66]. 
A most major limitation of symptomatic treatments is the inability to alter underlying disease processes. These medications primarily target neurotransmitter systems rather than pathological mechanisms driving ADs and therefore, are ineffective when it comes to slowing neurodegeneration [43]. As a result, disease progression continues despite ongoing treatment. Additionally, symptomatic therapy benefits tend to diminish as Alzheimer's disease progresses. Some research studies suggest that these treatment effects are more apparent in earlier stages and efficiency decreases in individuals with more advanced stages of ADs [45]. This stage-dependent response further limits long-term clinical utility as patients experience worsening symptoms despite continued therapy [66]. 
Adverse effects of symptomatic treatments also contribute to therapy limitations. Cholinesterase inhibitors are associated with gastrointestinal disturbances, bradycardia, syncope and several other side effects. These effects reduce tolerability and lead to discontinuation in some patients [68-73]. A combination of these factors alongside limited efficacy, represent significant barriers to sustained therapeutic benefit in AD management.

4b. Limitation of disease modifying therapy. 
Amyloid-targeting therapies represent a significant advancement in AD treatment, but several limitations remain. Clinical trials have shown that monoclonal antibodies such as lecanemab and donanemab produce statistically significant but relatively small improvements in cognition, raising questions about the magnitude of their clinical benefits [62]. While reductions in amyloid-beta plaques are consistently observed, these changes translate to limited meaningful improvement in memory and cognitive functions. 
A major safety concern with these therapies is the occurrence of amyloid-related imaging abnormalities (ARIA) which include complications such as cerebral edema and microhemorrhages. These adverse effects have been observed in a substantial proportion of treated patients and are thought to result from the removal of vascular amyloid deposits [63]. The high incidence of these complications therefore requires patients to undergo frequent magnetic resonance imaging monitoring to detect potential complications. 
Aside from safety concerns, the long-term outcomes of amyloid-targeting therapies remain uncertain. While short-term studies provide evidence of reduced amyloid-beta levels and modest improvements in cognitive function, sustained benefits over extended periods of time are limited [50]. In various research studies, the relationship between amyloid plaque reduction and clinical improvement sparks debate as to whether lowering amyloid labels directly translates into meaningful therapeutic outcomes [alexander].

5. Biological Barriers to Effective Treatment 
The underlying pathology of Alzheimer's disease presents significant challenges in creating effective therapies. One major barrier is the multifactorial nature of the disease itself. Many therapies focus on a single target even with evidence suggesting that AD revolves around a combination of amyloid-beta accumulation, tau pathology, neuroinflammation, and metabolic dysfunction [68,69]. Therefore, formulating treatment plans requires targeting and modifying a combination of these factors.
Drug delivery constraints further complicate therapeutic development. The blood brain barrier (BBB) essentially protects the central nervous system by restricting the entry of many therapeutic agents into the brain. With the few therapies that work to cross the BBB, researchers are faced with the challenge of dealing with insufficient concentrations at target sites [70]. In addition, AD presents with variable heterogeneity across affected individuals. Variations in genetic risk factors and underlying mechanisms lead to the need of complex therapeutic differences and limits the effectiveness of uniform treatment plans [73]. 

6. Clinical and Diagnostic Challenges
6a. Diagnostic limitations
Alzheimer's disease is characterized by a prolonged preclinical phase which consists of pathological changes despite a lack of observable symptoms. Individuals may remain cognitively normal while accumulating AD pathology, with symptoms only emerging in later stages [74]. As a result, clinical diagnosis typically occurs after significant neurological damage has already occurred, limiting the effectiveness of therapeutic interventions.
Moreover, current diagnostic methods present practical limitations. Cerebrospinal fluid biomarkers including amyloid-beta and tau proteins both provide valuable insight into underlying pathology [75], but their use requires lumbar puncture, an invasive procedure that limits widespread screening and early detection [76]. 	

6b. Clinical trial challenges
Clinical trials for AD therapies face several methodological challenges that further complexify its evaluation of therapeutic efficacy. One limitation is late patient enrollment. Many trials include patients that have already reached symptomatic stages which may signify a point of irreversible neurodegeneration [77]. Intervention at this late stage reduces the likelihood of detecting meaningful treatment effects. 
The use of cognitive endpoints presents another challenge in clinical trial outcome assessment. Commonly used measures lack sensitivity to detect small changes in cognitive function and may not accurately reflect meaningful clinical improvements [78]. This leads to difficulty in interpreting whether observed changes are true therapeutic benefits. Additionally, short-term durations of many clinical trials limit the ability to assess long-term treatment effects in AD progression. Alzheimer's disease develops gradually causing short trials to fail to show full impacts of intervention on disease trajectory [52]. 
Finally, high placebo response rates present a major obstacle in AD clinical trials. Variability in cognitive performance and disease progression among placebo groups make it difficult to accurately assess true outcomes. Studies have shown that patients receiving placebo may still demonstrate measurable changes in cognitive scores over time, highlighting the fluctuating nature of AD and the limitations of available assessment methods [45,79]. This variability may obscure true drug efficacy and reduce the ability of clinical trials to detect differences in treatment and control groups. 

7. Socioeconomic Barriers
Alzheimer's disease presents significant systemic and economic barriers that limit effective diagnosis and treatments. The financial burden associated with ADs, is substantial and continues to rise globally. In 2015, the annual cost per patient was estimated to be $19,144 with total cost reaching $957.56 billion worldwide. These costs are estimated to rise to $2.54 trillion by 2030 and $9.12 trillion by 2050 [16]. Most of these costs are also not limited to medical expenses. Studies have found that indirect costs make up more than 50% of total cost [16]. This includes monetary loss from inability to work, reduced caregiving income, and treatment of caregiving burden and injuries [16]. These findings indicate that AD burden extends beyond clinical treatment and has major effects on long-term stability, ultimately delaying diagnosis especially for patients with limited financial resources. 
Systemic inequalities further contribute to challenges in getting patients treatment. Research has shown that Alzheimer's disease clinical trials and treatment pathways often underrepresent minority populations with up to 94.7% of clinical trial patients being of Caucasian descent [80]. Strict eligibility criteria for clinical trials such as caregiver involvement can limit access to diagnosis and treatment for lower socioeconomic status patients [80]. These disparities reduce generalizability of clinical trial findings and lead to unequal access to emerging therapies. 
Caregiving burden is an additional barrier that impacts both diagnosis and treatment. With chronic illnesses such as AD, patients require long-term, intensive care. Caregivers experience significant physical and emotional strain as well as financial burdens that can all interfere with their ability to effectively manage care [81]. Caregivers have the responsibility of coordinating appointments, administering and ensuring adherence to medication/care, and monitoring symptoms. Caregiver burden can lead to delayed therapeutic intervention and reduce quality of care. Together these factors create barriers to effective disease management, even when diagnostic and therapeutic practices are available. 

8. Emerging Solutions 
Recent advancements in Alzheimer's have shifted toward therapies targeting multiple pathological pathways rather than focusing on a single mechanism. Several research efforts have started to focus on a more comprehensive understanding of disease progression [77]. These combination therapies overcome limitations of single-target approaches [69] and represent a shift towards more biologically integrated treatment models. 
Additionally, Gene-based therapies have been a primary focus within the past decade. Genetic risk factors such as the APOE variant are being regularly used to assess differences in disease susceptibility and response to treatments [72,73]. These therapies focus on targeting everyone’s unique genetic profile to improve treatment efficacy and reduce onset/progression [74-76]. 
Early detection of AD has also been a major focus of research to prompt early intervention and decrease disease progression. Biomarker development advances using imaging and fluid markers allow for detection of pathological changes in asymptomatic individuals [78]. Efforts have shifted towards the preclinical stage of AD at which intervention remains to be the most effective [52]. 
Lifestyle modifications have also been found to play a role in reducing the risk of Alzheimer's disease According to various studies, 30-40% of AD diagnosis may be attributable to modifiable risk factors such as cardiovascular disease, lack of physical activity, and low educational attainment [1,66]. Lifestyle modifications that focus on improving overall health and preventing AD risk factors delay disease onset. 
Although these therapeutic trials are still within early stages, they present a promising direction for better targeted therapy and AD management. 
Improving access and economic barriers for AD patients is also becoming a promising effort. Given the rapid rise in global cost of AD [16], substantial effort and funding have been directed towards clinical research and trials within the last decade. Researchers are working to expand access to diagnostic tools, increase diversity in clinical trials, and develop therapies that prove efficacy in broader populations of affected individuals [82]. Addressing these challenges will be essential for translating into meaningful improvements in Alzheimer's disease therapy. 

Key points
· Alzheimer's disease incidence rate is increasing rapidly driven by an aging population and rising life expectancy.
· Differences in Alzheimer's disease prevalence across racial and ethnic groups suggest variation in genetic susceptibility and possible social determinants of health contribution to disease risk.
· Amyloid-beta accumulation, tau pathology, neuroinflammation collectively contribute to Alzheimer's disease progression and cognitive decline.
· Current symptomatic therapies provide modest improvements in cognition but do not address underlying pathological mechanisms.
· Disease-modifying therapies reduce amyloid–beta plaque but provide limited clinical benefits in terms of improving cognitive outcomes.
· The long preclinical phase of Alzheimer's diseases plays a major role in late diagnosis and intervention.
· Clinical trial challenges involve high placebo rates and limitations in accurately measuring meaningful findings of cognitive improvements.
· Diagnostic limitations include invasive testing methods such as lumbar taps and suggest variability in biomarker accuracy.
· Economic burden, underrepresentation of minority populations in clinical trials, and caregiver burden significantly limit accessibility to the treatment of Alzheimer's disease.
· Emerging strategies of treating Alzheimer's disease involve focus on early detection, lifestyle interventions, reduced cost, and combination therapy. 


Funding: 
The research work of DKA is supported by the R25AI179582 grant from the National Institutes of Health, USA. The contents of this article are solely the responsibility of the authors and do not necessarily represent the official views of the National Institutes of Health.
 
Competing interests: 
All authors have read the manuscript and declare no conflict of interest. No writing assistance was utilized in the production of this manuscript.
 
Consent for publication: 
All authors have read the manuscript and consented for publication.


References
1. Norton S, Matthews FE, Barnes DE, et al. Potential for primary prevention of Alzheimer's disease: an analysis of population-based data. Lancet Neurol. 13 (2014): 788-794. Erratum in: Lancet Neurol. 13 (2014): 1070. 
2. Zhang XX, Tian Y, Wang ZT, et al. The Epidemiology of Alzheimer's Disease Modifiable Risk Factors and Prevention. J Prev Alzheimers Dis 8 (2021): 313-321. 
3. Li X, Feng X, Sun X, et al. Global, regional, and national burden of Alzheimer's disease and other dementias, 1990-2019. Front Aging Neurosci. 14 (2022): 937486. 
4. Qin W, Li W, Wang Q, et al. Race-Related Association between APOE Genotype and Alzheimer's Disease: A Systematic Review and Meta-Analysis. J Alzheimers Dis. 83 (2021): 897-906. 
5. Rajabli F, Feliciano BE, Celis K, et al. Ancestral origin of ApoE ε4 Alzheimer disease risk in Puerto Rican and African American populations. PLoS Genet. 14 (2018): e1007791. 
6. Farrer LA, Cupples LA, Haines JL, et al. Effects of age, sex, and ethnicity on the association between apolipoprotein E genotype and Alzheimer disease. A meta-analysis. APOE and Alzheimer Disease Meta Analysis Consortium. JAMA 278 (1997): 1349-1356. 
7. Wood KA, Ko YA, Bunch TJ, et al. Effect of atrial fibrillation on progression of cognitive impairment in patients with and without prior stroke. Heart Rhythm. 20 (2026): S1547-5271(26)02274-5. 
8. Shanmuganathan G, Lee NJ, Agrawal DK. Mortality Trends in the United States due to Concurrent Heart Failure, Atrial Fibrillation/Flutter and Sepsis. Cardiol Cardiovasc Med 10 (2026): 34-48. 
9. Melanahalli S, Tran T, Ng C, et al. Atrial fibrillation in Retinal Artery Occlusions. Cardiol Cardiovasc Med. 9 (2025): 234-247. 
10. Lopes LA, Agrawal DK. Post-Operative Atrial Fibrillation: Current Treatments and Etiologies for a Persistent Surgical Complication. J Surg Res (Houst). 5 (2022): 159-172. 
11. Brown SM, Larsen NK, Thankam FG, et al. Regulatory role of cardiomyocyte metabolism via AMPK activation in modulating atrial structural, contractile, and electrical properties following atrial fibrillation. Can J Physiol Pharmacol. 99 (2021): 36-41. 
12. Pelham CJ, Pandya AN, Agrawal DK. Triggering receptor expressed on myeloid cells receptor family modulators: a patent review. Expert Opin Ther Pat. 24 (2014): 1383-1395. 
13. Quirk S, Agrawal DK. Immunobiology of IL-37: mechanism of action and clinical perspectives. Expert Rev Clin Immunol. 10 (2014): 1703-1709. 
14. Liu T, Li X. The Crosstalk Between Protective and Detrimental Interleukin (IL)-1 Family of Cytokines in Alzheimer's Disease. J Biochem Mol Toxicol. 39 (2025): e70460. 
15. Lonnemann N, Hosseini S, Ohm M, et al, Korte M. IL-37 expression reduces acute and chronic neuroinflammation and rescues cognitive impairment in an Alzheimer's disease mouse model. Elife. 11 (2022): e75889. 
16. Jia J, Wei C, Chen S, et al. The cost of Alzheimer's disease in China and re-estimation of costs worldwide. Alzheimer's Dement. 14 (2018): 483-491. 
17. Zülke AE, Luppa M, Lammer L, et al. The impact of socioeconomic status and lifestyle on cognitive aging and brain health: results from the LIFE-Adult-Study. Alzheimers Res Ther. Mar 24 (2026). 
18. Zvěřová M. Clinical aspects of Alzheimer's disease. Clin Biochem. 72 (2019): 3-6. 
19. Selkoe DJ, Hardy J. The amyloid hypothesis of Alzheimer's disease at 25 years. EMBO Mol Med. 8 (2016): 595-608. 
20. Zyuz'kov GN, Miroshnichenko LA, Chaikovskii AV, et al. The Role of JNK and p53 in the Regulation of Secretory Function of Neuroglial Cells of Various Types in β-Amyloid-Induced Neurodegeneration. Bull Exp Biol Med. 175 (2023): 753-756. 
21. Wang Y, Mandelkow E. Tau in physiology and pathology. Nat Rev Neurosci. 17 (2016): 5-21. 
22. Iqbal K, Liu F, Gong CX. Tau and neurodegenerative disease: the story so far. Nat Rev Neurol. 12 (2016): 15-27. 
23. Zwierzchowski-Zarate AN, Mendoza-Oliva A, Kashmer OM, et al, Diamond MI. RNA induces unique tau strains and stabilizes Alzheimer's disease seeds. J Biol Chem. 298 (2022): 102132. 
24. Zwang TJ, Zhang J, Gelb-Bicknell R, et al. Tau drives cell specific functional isolation of the hippocampal formation. bioRxiv [Preprint]. 2025 Aug 11:2025.08.10.669580. 
25. Zyśk M, Beretta C, Naia L, et al Amyloid-β accumulation in human astrocytes induces mitochondrial disruption and changed energy metabolism. J Neuroinflammation. 20 (2023): 43. 
26. Heneka MT, Carson MJ, El Khoury J, et al. Neuroinflammation in Alzheimer's disease. Lancet Neurol. 14 (2015): 388-405. 
27. Phu A, Agrawal DK. Overview of Primary Angiitis of the Central Nervous System: Current Insights. Arch Intern Med Res. 9 (2026): 40-52. 
28. Perry S, Pillarisetti L, Gelfman T, et al. Gut-Brain Axis in Inflammatory Bowel Disease: Pathogenesis and Therapeutics. Arch Intern Med Res. 8 (2025): 339-345. 
29. Mendoza-Mari Y, Stojanovic M, Miulli DE, et al. Microglial Response to Inflammatory Stimuli Under Electromagnetic Field Exposure. Arch Clin Biomed Res. 9 (2025): 304-315. 
30. Mendoza-Mari Y, Stojanovic M, Miulli DE, et al. Modulation of inflammatory response by electromagnetic field in Neuronal and Microglial cells. J Surg Res (Houst). 8 (2025): 305-312. 
31. Pogue A, Agrawal DK. Most Effective Interventions for Enhancing Neural Plasticity for Functional Recovery in Patients with Traumatic Brain Injury. J Surg Res (Houst). 8 (2025): 518-525. 
32. Aggarwal A, Mendoza-Mari Y, Agrawal DK. Cellular and Molecular Mechanisms and Innovative Neurostimulation Treatments in the Management of Traumatic Brain Injury. J Biotechnol Biomed. 7 (2024): 453-470. 
33. Siddiqi I, Marino M, Agrawal DK, et al. Cellular Mechanisms of Electromagnetic Field in Traumatic Brain Injury. J Biotechnol Biomed. 6 (2023): 95-104. 
34. Patchana T, Agrawal DK, Connett D, et al. Immunomodulatory Effect of Electromagnetic Field in the Treatment of Traumatic Brain Injury. J Biotechnol Biomed. 6 (2023): 32-46. 
35. Ahmed Z, Chaudhary F, Agrawal DK. Epidemiology, Pathophysiology, and Current Treatment Strategies in Stroke. Cardiol Cardiovasc Med 8 (2024): 389-404. 
36. Heppner FL, Ransohoff RM, Becher B. Immune attack: the role of inflammation in Alzheimer disease. Nat Rev Neurosci. 16 (2015): 358-372. 
37. Zyśk M, Clausen F, Aguilar X, et al. Long-Term Effects of Traumatic Brain Injury in a Mouse Model of Alzheimer's Disease. J Alzheimers Dis. 72 (2019): 161-180. 
38. Zu R, Lu H, Liu W, et al. Research Progress in the Molecular Mechanism of NLRP3 Inflammasome in Alzheimer's Disease and Regulation by Natural Plant Products. Mol Neurobiol. 62 (2025): 7296-7312. 
39. Satish M, Agrawal DK. Atherothrombosis and the NLRP3 inflammasome - endogenous mechanisms of inhibition. Transl Res. 215 (2020): 75-85. 
40. Thankam FG, Roesch ZK, Dilisio MF, Radwan MM, et al. Association of Inflammatory Responses and ECM Disorganization with HMGB1 Upregulation and NLRP3 Inflammasome Activation in the Injured Rotator Cuff Tendon. Sci Rep. 8 (2018): 8918. 
41. Malicevic U, Rai V, Skrbic R, et al. NLRP3 Inflammasome and Gut Dysbiosis Linking Diabetes Mellitus and Inflammatory Bowel Disease. Arch Intern Med Res. 7 (2024): 200-218. 
42. Stojanovic M, Agrawal DK. Regulation of RSPO3-LGR4 Signaling: Emerging Role in Inflammation Revealed by Network Analysis. Arch Clin Biomed Res. 9 (2025): 10.26502/acbr.50170489. 
43. Yiannopoulou KG, Papageorgiou SG. Current and future treatments for Alzheimer's disease. Ther Adv Neurol Disord. 6 (2013): 19-33. 
44. Birks J. Cholinesterase inhibitors for Alzheimer's disease. Cochrane Database Syst Rev. (2006): CD005593. 
45. Schneider LS, Dagerman KS, Higgins JP, et al. Lack of evidence for the efficacy of memantine in mild Alzheimer disease. Arch Neurol. 68 (2011): 991-998. 
46. Parsons CG, Danysz W, Dekundy A, et al. Memantine and cholinesterase inhibitors: complementary mechanisms in the treatment of Alzheimer's disease. Neurotox Res. 24 (2013): 358-369. 
47. Abduljawad AA, Alkinani KB, Zaakan A, et al. Targeting Amyloid-β Proteins as Potential Alzheimer's Disease Therapeutics: Anti-Amyloid Drug Discovery, Emerging Therapeutics, Clinical Trials and Implications for Public Health. Pharmaceuticals (Basel). 18 (2025): 1731. 
48. Alexander GC, Knopman DS, Emerson SS, et al. Revisiting FDA Approval of Aducanumab. N Engl J Med. 385 (2021): 769-771. 
49. Mintun MA, Lo AC, Duggan Evans C, et al. Donanemab in Early Alzheimer's Disease. N Engl J Med 384 (2021): 1691-1704. 
50. Rahman A, Hossen MA, Chowdhury MFI, et al. Aducanumab for the treatment of Alzheimer's disease: a systematic review. Psychogeriatrics. 23 (2023): 512-522. 
51. Sevigny J, Chiao P, Bussière T, et al. The antibody aducanumab reduces Aβ plaques in Alzheimer's disease. Nature. 2016 Sep 1; 537 (7618): 50-56. Update in: Nature. 546 (2017): 564. 
52. Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the preclinical stages of Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement. 7 (2011): 280-292. 
53. Kothapalli SVVN, Benzinger TLS, Bateman RJ, et al. Novel insights into early Alzheimer's disease: quantitative gradient recalled echo MRI reveals preatrophic neuronal and myelin injury concurrent with emerging amyloid pathology. Alzheimers Dement (Amst). 18 (2026): e70355. 
54. Swamy A, Agrawal DK. Enhancing Early Diagnosis: Multimodal AI Approaches for Neurodegenerative Diseases. J Biotechnol Biomed. 9 (2026): 67-76. 
55. Aggarwal A, Rajalekshmi R, Aggarwal A, et al. Plants, Pills, and the Brain: Exploring Phytochemicals and Neurological Medicines. Int J Plant Anim Environ Sci. 15 (2025): 90-114. 
56. Hall SC, Agrawal DK. Vitamin D and Bronchial Asthma: An Overview of Data From the Past 5 Years. Clin Ther. 39 (2017): 917-929. 
57. Jia G, Cheng G, Gangahar DM, et al. Involvement of connexin 43 in angiotensin II-induced migration and proliferation of saphenous vein smooth muscle cells via the MAPK-AP-1 signaling pathway. J Mol Cell Cardiol. 44 (2008): 882-890. 
58. Makinde T, Murphy RF, Agrawal DK. Immunomodulatory role of vascular endothelial growth factor and angiopoietin-1 in airway remodeling. Curr Mol Med. 6 (2006): 831-841. 
59. Lawal R, Kumar S, Chigevenga R, et al. Interactions Between Blood Nutritional Biomarkers and Apolipoprotein E ε4 in the Progression of Mild Cognitive Impairment in Alzheimer's Disease. Nutrients. 18 (2026): 1263. 
60. Pillarisetti L, Agrawal DK. Semaglutide: Double-edged Sword with Risks and Benefits. Arch Intern Med Res. 8 (2025): 1-13. 
61. Radparvar I, Agrawal DK. A Critical Analysis of the Clinical Use of Incretin-Based Therapies: Efficacy and Adverse Events. Arch Clin Med Case Rep. 9 (2025): 242-253. 
62. van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in Early Alzheimer's Disease. N Engl J Med. 388 (2023): 9-21. 
63. Sperling RA, Jack CR Jr, Black SE, et al. Amyloid-related imaging abnormalities in amyloid-modifying therapeutic trials: recommendations from the Alzheimer's Association Research Roundtable Workgroup. Alzheimers Dement. 7 (2011): 367-385. 
64. Reus VI, Fochtmann LJ, Eyler AE, et al. The American Psychiatric Association Practice Guideline on the Use of Antipsychotics to Treat Agitation or Psychosis in Patients With Dementia. Am J Psychiatry. 173 (2016): 543-546. 
65. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet. 2020 Aug 8; 396 (10248): 413-446. Erratum in: Lancet. 2023 Sep 30; 402 (10408): 1132. 
66. Kales HC, Gitlin LN, Lyketsos CG. Detroit Expert Panel on Assessment and Management of Neuropsychiatric Symptoms of Dementia. Management of neuropsychiatric symptoms of dementia in clinical settings: recommendations from a multidisciplinary expert panel. J Am Geriatr Soc. 62 (2014): 762-769. 
67. Raina P, Santaguida P, Ismaila A, et al. Effectiveness of cholinesterase inhibitors and memantine for treating dementia: evidence review for a clinical practice guideline. Ann Intern Med. 148 (2008): 379-397. 
68. Inglis F. The tolerability and safety of cholinesterase inhibitors in the treatment of dementia. Int J Clin Pract Suppl. 127 (2002): 45-63. 
69. De Strooper B, Karran E. The Cellular Phase of Alzheimer's Disease. Cell. 164 (2016): 603-615. 
70. Alkhalifa AE, Al-Ghraiybah NF, Odum J, et al. Blood-Brain Barrier Breakdown in Alzheimer's Disease: Mechanisms and Targeted Strategies. Int J Mol Sci. 24 (2023): 16288. 
71. Hampel H, Mesulam MM, Cuello AC, et al. The cholinergic system in the pathophysiology and treatment of Alzheimer's disease. Brain. 141 (2018): 1917-1933. 
72. Yiannopoulou KG, Papageorgiou SG. Current and Future Treatments in Alzheimer Disease: An Update. J Cent Nerv Syst Dis. 12 (2020): 1179573520907397. 
73. Long JM, Holtzman DM. Alzheimer Disease: An Update on Pathobiology and Treatment Strategies. Cell. 179 (2019): 312-339. 
74. Jack CR Jr, Knopman DS, Jagust WJ, et al. Hypothetical model of dynamic biomarkers of the Alzheimer's pathological cascade. Lancet Neurol. 9 (2010): 119-28. 
75. Anoop A, Singh PK, Jacob RS, et al. CSF Biomarkers for Alzheimer's Disease Diagnosis. Int J Alzheimers Dis. 23 (2010): 606802. 
76. Olsson B, Lautner R, Andreasson U, et al. CSF and blood biomarkers for the diagnosis of Alzheimer's disease: a systematic review and meta-analysis. Lancet Neurol. 15 (2016): 673-684. 
77. Cummings J, Lee G, Zhong K, et al. Alzheimer's disease drug development pipeline: 2021. Alzheimers Dement (N Y). 7 (2021): e12179. 
78. Buracchio T, Campbell M, Krudys K. Assessing clinical meaningfulness in clinical trials for Alzheimer's disease: A U.S. regulatory perspective. Alzheimers Dement (N Y). 11 (2025): e70113.
79. Irizarry MC, Webb DJ, Bains C, et al. Predictors of placebo group decline in the Alzheimer's disease Assessment Scale-cognitive subscale (ADAS-Cog) in 24 week clinical trials of Alzheimer's disease. J Alzheimers Dis. 14 (2008): 301-311. 
80. Franzen S, Smith JE, van den Berg E, et al. Diversity in Alzheimer's disease drug trials: The importance of eligibility criteria. Alzheimers Dement. 18 (2022): 810-823. 
81. Brodaty H, Donkin M. Family caregivers of people with dementia. Dialogues Clin Neurosci. 11 (2009): 217-228. 
82. Clark LT, Watkins L, Piña IL, et al. Increasing Diversity in Clinical Trials: Overcoming Critical Barriers. Curr Probl Cardiol. 44 (2019): 148-172. Erratum in: Curr Probl Cardiol.  46 (2021):100647.










[image: ]	This article is an open access article distributed under the terms and conditions of the
			    Creative Commons Attribution (CC-BY) license 4.0


Archives of Internal Medicine Research                       
image2.png




image3.png
APOE €4
Genotype

Family
History
of ADs

Cardio-
vascular
Disease

TRi
Alzheimer’s

Disease

Low
socio-
economic
status

Diabetes /





image4.png
Treatment
Strategies

Symptomatic
Therapies

Disease modifying
therapies

AChE inhibitors:
TAch=

T Cholingeric signaling

Memantine:

Monoclonal Antibodies:
Bind AB =
T clearnace

1 glutamate =
1 NMDA activation =
1 excitotoxicity

T memory 1 amyloid plaques





image5.png




image1.png
open
access




