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ABSTRACT​
​
Early-onset Alzheimer's disease (EOAD) is a severe neurodegenerative condition that particularly affects 
people under the age of 65. EOAD is often characterized by atypical symptoms, a rapid course and 
specific socioeconomic dysfunctions, but it remains poorly studied despite all of these factors. This 
review is intended to assess the current global situation of EOAD, especially the diagnostic challenges, 
worsening of EOAD burden at global level and significant therapeutic gaps. The paper integrates recent 
epidemiological data from the past decade, 121 clinical trial registries, and diagnostic frameworks to 
pinpoint systemic difficulties in handling EOAD globally. The analyses show that there are significant 
diagnostic delays for those with EOAD, due to clinician bias, lack of age-specific cognitive instruments 
and non-amnestic symptoms, including language problems and visuospatial difficulties. The increasing 
global burden of EOAD places substantial psychological and socioeconomic strain on patients, 
caregivers, and healthcare systems. Additionally, the available therapeutic options have not been tested in 
younger EOAD populations, as they are typically not included in the majority of disease-modifying 
therapies. EOAD represents a growing global health concern that is characterized by persistent diagnostic 
delays, limited therapeutic options, and inadequate representation in research. Overall, these findings 
underscore the critical need to understand and address the underdiagnosis, under-treatment and 
underrepresentation of EOAD in research and health care systems. Addressing this crisis and these gaps 
demands urgent implementation of age-specific diagnostic systems, international registries to accurately 
assess actual disease burden and age-specific clinical trials led. 
​
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1.​ INTRODUCTION​
 

The most common and widespread type of dementia globally is Alzheimer’s Disease (AD), which 
primarily affects older adults. According to Zhang et al. (2025) reported that Early-onset Alzheimer’s 
Disease is growing worldwide, especially among individuals between the ages of 40 and 64 years. 
Internationally, about 7.75 million people had EOAD in 2021, a hardship that is steadily increasing as we 
progress into 2026 (Lin et al., 2025). This is a significant increase from 1990, where 3.67 people had 
EOAD. Cases have risen up by 200%, a staggering figure that will continue to increase if diagnostic 
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barriers continue globally (Zhang et al., 2025). Additionally, there are also sex differences in the 
occurrences of EOAD—women are much more likely to get diagnosed with EOAD than men (Peeters et 
al., 2020). EOAD impacts individuals during their productive years, affecting patients, families, and 
communities (Griffin et al., 2024). EOAD disrupts the body’s normal functions, contributing to 
understanding the pathophysiology of the disease. Accelerated development and more tau/amyloid 
pathology in the parietal/neurocortex, rather than just the hippocampus, symbolize the pathophysiology of 
EOAD (Mendez, 2019). Genetic mutations such as APP, PSEN1, and PSEN2 connect to EOAD. These 
genetic mutations contribute to neuronal death, synapse negligence, and more decline than late-onset 
Alzheimer’s disease.  

The symptoms of EOAD are existent in subtle manners that are frequently ignored. These include 
executive dysfunction & cognitive decline, visual-spatial impairment, language difficulty (aphasia), and 
disorientation (Miller, 2023). In order to diagnose EOAD as quickly as possible, there are multiple 
procedures to go through. EOAD diagnosis involves observing biomarkers through PET scans, 
cerebrospinal fluid analysis, and government-approved blood tests for tau and amyloid proteins (Wells & 
Horton, 2022). EOAD is often associated with more accelerated progression and unconventional 
symptoms, complicating diagnosis procedures (Zhang et al., 2025). Especially in lower-resourced areas, 
this often leads to misdiagnoses and delays for patients, caused by a lack of awareness or caution. 
Although it is easier to get treatment in Western countries, there are many areas that are less fortunate. In 
Latin America and other low-income areas, there are not as many health professionals, and there is a lack 
of expenditure on biochemical research. Additionally, the number of cases of EOAD is increasing all 
around the world, with geographic disparities complicating its global management. Global trends indicate 
that East Asia and the Middle East are facing rising mortality rates while it is harder to get treatment in 
places such as Sub-Saharan Africa and Brazil (Fu et al., 2025). All together, the global burden of EOAD 
has increased due to diagnostic barriers and therapeutic gaps. EOAD is often misdiagnosed, and 
individuals with it are frequently left out from broader Alzheimer’s research (Hammers et al., 2024). 
These diagnostic challenges contribute to delayed recognition of EOAD and reinforce its historical 
underrepresentation in Alzheimer's research and clinical trials.  

It is critical to observe EOAD’s global trends, diagnostic barriers, and therapeutic gaps, considering the 
universality of it. EOAD affects many regions and areas across the world and consequently has many 
repercussions. This review paper’s objective is to understand the consequences of EOAD globally along 
with its diagnostic blockades and medicinal gaps.  

​
Methodology​
A literature review was conducted through the use of online databases such as PubMed, Lancet and 
Google Scholar, to find relevant studies on genetic factors in AD and their role in treatment. Search terms 
included “early-onset Alzheimer’s disease,” “young-onset Alzheimer’s disease,” “global prevalence,” 
“epidemiology,” “diagnostic barriers,” “early diagnosis,” “therapeutic gaps,” “treatment challenges,” 
“disease management,” and “healthcare disparities. " Relevant publications were chosen, and additional 
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sources were identified through reference tracking of the chosen articles. Both human clinical studies and 
experimental model-based research were included. 

 
2. GENETIC AND MOLECULAR MECHANISMS 

2.1 Autosomal Dominant EOAD 

2.1.1 APP:  

APP, or the Amyloid Precursor Protein gene, is a rare and dominant genetic mutation of Early-onset 
Alzheimer’s disease. It only accounts for less than 1% of all Alzheimer’s disease cases but includes an 
abundant portion of EOAD (before 65 years of age) cases (Kalampokini et al., 2021). These mutations 
increase the chances of amyloid-beta production, leading to hastened amyloid plaque deposition and rapid 
cognitive decline (Ryan & Rosser, 2014).  

The generality of autosomal dominant mutations in the APP gene is not common; it is important for a 
small portion of all Alzheimer’s cases. It is known to appear only in families with a history of early-onset 
Alzheimer’s disease (TCW & Goate, 2017). The APP genetic mutation is usually responsible for leading 
to Early-onset Alzheimer’s disease and ranges between 40-64 years old. The symptoms of APP include 
progressive memory loss, executive dysfunction, and early-onset psychiatric symptoms (Liu et al., 2022).  

The APP gene mutation usually occurs in or in close proximity to the amyloid-beta area, often causing 
progression of the protein fragment (Lee et al., 2021). When the mutations in the APP gene switch its 
processing toward the amyloidogenic pathway, the enzymes split the protein to construct amyloid-beta 
peptides (Hampel et al., 2021). There are specific effects of the molecular mechanisms in the APP gene. 
These effects include an increase in neuroinflammation and plaque accumulation as well as aggregation 
and decreased clearance (Siddapaji & Gopal, 2021).  
​
Mutations in the APP gene are frequently associated with EOAD (Orobets & Karamyshev, 2023). 
Through a comprehensive genetic screen analysis, Lanoiselee et al. (2017) identified novel pathogenic 
mutations in 53 families affected by early-onset Alzheimer’s disease. It was determined that there were 20 
APP mutations in 18/129 cases (Lanoiselee, 2017). The disease generally progresses over years and starts 
much earlier than we can discover the first symptoms (Orobets & Karamyshev, 2023). The stages of APP 
gene-related disease progression are the preclinical phase, vascular and early pathological changes, mild 
cognitive impairment, dementia, and terminal stage.  

2.1.2 PSEN1 & PSEN2 

Mutations in PSEN1 (presenilin-1) and PSEN2 (presenilin-2) are the main causes of autosomal dominant 
Early-onset Alzheimer’s disease (Lanoiselee, 2017). It typically causes symptoms before the age of 65. 
More than 300 pathogenic mutations have been observed in PSEN1 is a more frequent cause of familial 
EOAD, while PSEN2 has fewer identified mutations (Bagaria, 2022). 
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The PSEN1 and PSEN2 genetic mutations code for proteins that make up the catalytic subunit of 
y-secretase, an enzyme associated with the APP genetic mutation (Lanoiselee, 2017). PSEN1 mutations 
generally result in symptom onset during the fourth and fifth decades of life. Zapata-Restrepo et al. (2025) 
found that PSEN1-associated EOAD is usually characterized by a more aggressive disease trajectory than 
other genetic forms, with much earlier symptom manifestation and accelerated cognitive decline. PSEN2 
mutations have a wider range of onset, ranging from 39 to 83 years (Leochico, 2025).  

The inheritance pattern for both PSEN1 and PSEN2 mutations is half and half—a child of a carrier has a 
50% chance of inheriting the gene and obtaining the disease (Ambriz, 2025). If the gene mutations are 
inherited, the individual will most likely develop EOAD. Although these mutations are a cause of the 
majority of all familial EOAD cases, they only make up 1% of Alzheimer’s cases overall (Lanoiselee, 
2017).   

Research indexed  by PLOS Medicine indicated that diagnosis and screening for both PSEN1 and PSEN2 
mutations are crucial to be done for families with a history of EOAD (Lanoiselee, 2017). According to the 
study, identifying these mutations is essential for accurate diagnosis and genetic counseling of affected 
families. The study detected numerous mutations, with PSEN1 being the most prevalent. The mutations 
account for the majority of autosomal dominant cases. The study further establishes the need for testing in 
both familial and irregular EOAD cases. Early identification of the 50% inheritance risk for relatives is 
made possible by genetic testing (Cruchaga, 2012). 

2.2 Pathophysiological Pathways 
​
2.2.1 Amyloid-beta aggregation 
Mutations in APP, PSEN1, and PSEN2 lead to amyloid-beta aggregation. EOAD is linked to genetic 
mutations in APP, PSEN1, and PSEN2—these genetic mutations heighten the efficiency of production of 
highly pathogenic amyloid-beta 42 (TCW & Goate, 2017). Early axonal injury and cognitive decline are 
primarily caused by these mutations accelerating the protein aggregation and self-fabrication of 
amyloid-beta 42 (Varte et al., 2025).  
​
Amyloid-beta aggregation in EOAD consists of these genetic drivers: APP, PSEN1, and PSEN2. As 
opposed to late-onset Alzheimer’s, EOAD is often motivated by familial mutations that upgrade an 
immoderate collection of amyloid-beta peptides, which are much more vulnerable to accumulation 
(Valdez-Gaziola et al., 2024). Within the context of EOAD, mutations instantly elevate the amyloidogenic 
route (Kim & Hecht, 2009).  

Early amyloid PET positivity (pre-symptomatic stage) has been shown to identify amyloid pathology 
years before the onset of dementia in many individuals at risk for EOAD, although its predictive value 
changes depending on clinical and genetic context  (Chapleau et al., 2022). Amyloid PET findings 
influence diagnostic and management decisions (>30% of cases), even before severe impairment (Windon 
et al., 2025). Amyloid PET provides a direct measure of amyloid burden and provides high confidence in 
diagnosing EOAD as a cause of cognitive issues (Altomare et al., 2023).  
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The strongest validation of the amyloid cascade hypothesis seen in EOAD is the evidence that 
amyloid-beta deposition is the initial pathological event that triggers tau accumulation and cognitive 
issues (Levin et al., 2022). These findings provide strong support for the amyloid cascade hypothesis; 
however, the hypothesis remains the subject of ongoing investigation, and many other mechanisms are 
also believed to contribute to disease progressions. Autosomal dominant mutations in APP, PSEN1, and 
PSEN2 lead to EOAD, providing the support that amyloid is the facilitator (Levin et al., 2022).  

​ 2.2.2 Tau hyperphosphorylation 
Tau hyperphosphorylation in EOAD is a pathology that is excessively aggressive, featuring high tau 
accumulation in brain hubs and faster spreading (Rawat et al., 2022). Most of the time, genetic mutations 
in APP, PSEN1, and PSEN2 are responsible for familial EOAD cases. The tau hyperphosphorylation 
pathway is instantly advanced by these genetic variations.  

Microtubules in axons are stabilized by normal tau, yet hyperphosphorylation causes it to detach, which 
destabilizes the microtubule network and creates harmful neurofibrillary tangles (Summer, 2026). Axonal 
dysfunction brought on by these pathogenic variations impairs transports and causes neural deterioration 
(Summer, 2026).  

A reliable biomarker for predicting cognitive decline in EOAD is tau PET imaging. There is a significant 
correlation between increased tau protein levels in the brain and a quicker rate of memory loss and 
functional decline. Unlike amyloid PET, tau PET shows a dynamic relationship with worsening symptoms 
(Tanner & Rabinovici, 2021). Ioannou et al. (2024) evaluated the ability of tau PET imaging to predict 
disease progression using data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI). The study 
included 396 cognitively impaired individuals, allowing researchers to assess the relationship between tau 
burden and subsequent cognitive decline. 

 The evidence was solidified further when the findings suggested that high tau PET intake resulted in 
rapid progression with cognitive decline in the individuals (Ioannau et al., 2024).  

​ 2.2.3 Neuroinflammation 
An important aspect of EOAD is neuroinflammation, which is characterized by chronic microglia and 
astrocyte mobilization (Fakorede et al., 2025). Neuroinflammation represents a pathological response 
associated with amyloid plaque accumulation and tau pathology. Chronic neuroinflammation is believed 
to contribute to synaptic dysfunction, neuronal loss, and cognitive decline, although the extent of its 
casual role remains an area of active investigation (Faokerede et al., 2025). ​
​ ​
Elevated cerebrospinal fluid (CSF) and plasma cytokines suggest neuroinflammation. In 
neuroinflammatory disorders, significant elevations are disclosed for Interleukin-6 (IL-6), Tumor 
Necrosis Factor-alpha (TNF-a), IL-10, Interferon-alpha (IFN-a), and chemokines like CXCL13 and 
CXCL10 (Lepennetier et al., 2019). More concentrations in the CSF are noticed in the Central Nervous 
System (CNS), and it is usually higher than in the blood plasma (Margetis & Baker). 2025). Hints of 
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central illness suggest that plasma levels manifest a strong association with CSF, and this happens 
incredibly often (Bettcher et al., 2018).  

A sign of neuroinflammation is when the microglia in the brain are triggered (especially in people with 
EOAD), and PET imaging is a tool that helps to detect it. When the microglia are activated, it usually 
means they are switching to a diseased state where they are not able to work as properly as before, and 
this can point toward chronic damage (Lavisse et al., 2020). Additionally, PET imaging does not exactly 
identify what causes the disease, but it can help to recognize the disease’s severity, serving its purpose as 
a disease amplifier. 

​ 2.2.4 Mitochondrial dysfunction​
The path to neuronal damage is marked by mitochondrial dysfunction, which is an initial event in EOAD 
that occurs before amyloid plaque and tau tangle accumulation (D’Alessandro et al., 2025). These 
deficiencies form a brutal cycle with amyloid-beta toxicity, making it harder for the cells to get the energy 
they need, and it accelerates neurodegeneration, therefore leading to EOAD (Wang et al., 2025).  

People born with mutations in the PSENl and PSEN2 genes are more likely to acquire familial EOAD. 
Familial EOAD mutations in PSEN1 and PSEN2 cause mitochondrial dysfunction, which leads to a 
buildup of amyloid-beta and an increase in reactive oxygen species (ROS) (Sarasija et al., 2018). 
Mutations in presenilins decrease the coherence of mitophagy—removal of damaged 
mitochondria—allowing dysfunctional mitochondria to pile up and resulting in damage (Martin-Maestro 
et al., 2017).  

Fluorodeoxyglucose (FDG) and PET are tests that see if the brain cells are getting the energy that they 
need (Bouter, 2019). Neuronal loss and memory deficits usually appear years before clinical symptoms of 
Alzheimer's, which showcases its connection to EOAD. The mitochondrial cascade hypothesis states that 
genetic, environmental, or lifestyle factors cause mitochondrial efficiency to decline over time (Swerdlow 
et al., 2014). Within the EOAD context, the hypothesis helps to explain that mitochondrial deficiency is 
one potential contributor rather than being an outcome. 

​ 2.2.5 Synaptic failure 
An event that is closely connected to cognitive decline is synaptic failure, which is widely considered to 
be an important feature of EOAD pathology (Arendt, 2009). As a result of amyloid-beta oligomers and 
tau pathology, the connections between brain cells are ruined and disrupted—this happens a lot in the 
hippocampus (Crimins et al., 2013). Before the brain cells start dying, synaptic failure usually takes place 
right before (Henstridge et al., 2016).  

A sign of synaptic damage is when the fluid that surrounds the brain—cerebrispinal fluid (CSF)—starts to 
increase rapidly (Nilsson et al., 2024). In a study executed by Luisa Agnello, 136 individuals were 
evaluated (33 patients had Alzheimer’s and 70 patients had non-neurodegenerative neurological diseases), 
and CSF neurogranin levels were measured (Agnello et al., 2021). The results were that Alzheimer’s 
patients showed levels of neurogranin as a cause of increased CSF (Agnello et al., 2021).  
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fMRI studies in EOAD consistently show a significant decrease in connectivity with the Default Mode 
Network (DMN), specifically in the posterior cingulate cortex and precuneus. EED studies demonstrate a 
“slowing” of electrical activity, marked by decreased connectivity in the alpha and beta frequency bands 
of posterior regions. Disruptions or problems in these networks relate directly to the sternness of cognitive 
impairment and amyloid load. ​
​
​
2.3 Differences Between Early-Onset and Late-Onset AD​
Comparative Analysis of Early-Onset vs. Late-Onset Alzheimer’s disease (graph) 

 

Feature EOAD LOAD 

Age Under 65 years old  65 years and older 

Initial 
Presentatio
n 

Highly atypical; nonamnestic deficits 
(language, executive, visuospatial) 

Typical; primary amnestic deficits (short-term 
memory loss) 

Genetic 
driver 

Stronger genetic link; rare mutations (APP, 
PSEN1, PSEN2) 

Driven primarily by age and APOE4 allele 
expression 

Neuropath
ology 

High density of amyloid plaques and 
neurofibrillary tangles across wider neocortical 
areas 

Plaques/tangles heavily focused within the 
hippocampus and medial temporal lobes 

Diagnostic 
Lag 

Critically prolonged; symptoms are often 
initially attributed to stress or burnout 

Shorter; clinical pathways are well-optimized for 
elderly cohorts 

Social & 
Economic 
Impact 

Disrupts peak earning years, careers, and young 
dependent care setups 

Occurs primarily during retirement; impacts elder 
care support networks 

 
2.3.1 Faster progression 
There are many differences that exist between Early-onset Alzheimer’s Disease (EOAD)  and Late-onset 
Alzheimer’s Disease (LOAD). EOAD affects individuals under 65 years of age, and the symptoms 
include visuospatial deficiencies, language difficulties, and cognitive dysfunction (Valdez-Gaxiola et al., 
2024). LOAD typically occurs after EOAD, generally progresses faster, and starts with subtle memory 
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loss as well as gradual cognitive decline (Valdez-Gaxiola et al., 2024). EOAD is characterized by a faster 
rate of cognitive decline compared to LOAD.  

In a 3-year longitudinal and observational study conducted by Carina Wattmo and Asa K. Wallin, patients 
with EOAD showed faster cognitive deterioration than patients with LOAD (Wattmo & Wallin, 2017). At 
the 12, 18, and 30 month marks, EOAD patients revealed a more rapid decline in the Alzheimer's Disease 
Assessment Scale—Cognitive Subscale (ADAS-Cog) compared to the LOAD group (Wattmo & Wallin, 
2017). This study as a whole suggests a more rapid progression of cognitive impairment in younger-onset 
patients. Although researchers have found a more aggressive disease path for individuals with EOAD, 
they also have a longer overall survival time after diagnosis.  

2.3.2 Greater cortical involvement 
Early-Onset Alzheimer’s Disease (EOAD) is known to exhibit greater and a more vast assortment of 
neocortical involvement compared to Late-Onset Alzheimer’s Disease (LOAD) (Valdez-Gaxiola, 2024). 
EOAD displays increased tau burden and lessened gray matter in parietal and frontal regions as well as 
faster progression (Mendez, 2018). These frequently lead to a heightened and more widespread activation 
of the cerebral cortex, or greater cortical involvement (Mendez, 2018).  

Individuals with EOAD often experience faster rates of brain atrophy and cognitive decline when 
compared to those with LOAD. EOAD demonstrates higher neocortical tau burden in proportion to 
amyloid, while LOAD shows a greater strain of neurofibrillary tangles in the hippocampus (Mendez, 
2018). This is apparent with a study conducted by Hanna Cho, where the aim was to describe 
amyloid-beta and tau emission from the Longitudinal Early-onset Alzheimer’s Disease Study (Cho et al., 
2024). In the study, 75% of participants were assigned to a cohort based on amyloid-PET (Cho et al., 
2024). From these participants, 95% were tau-PET positive, and the signal was heightened in cortical 
regions (Cho et al., 2024). While these findings strengthen evidence for extensive cortical tau 
involvement in EOAD, further longitudinal studies involving larger and more diverse populations are 
needed to determine whether these patterns are consistent across all EOAD subtypes and genetic 
backgrounds. 

​
2.3.3 Atypical presentations (posterior cortical atrophy, language variants)​
Atypical EOAD is presented before age 65, essentially involving posterior cortical atrophy and language 
deficits (Jones et al., 2025). These variants show heightened visuospatial, language, or executive 
dysfunction, sometimes leading to initial misdiagnosis due to intact memory (Jones et al., 2025). While 
sharing amyloid-beta and tau pathology, atypical variants demonstrate distinct and more localized atrophy 
norms (Whitwell, 2024).  

Posterior cortical atrophy (PCA) primarily affects the posterior regions of the brain, leading to progressive 
visuospatial impairments that interfere with activities such as reading, writing, and spatial navigation 
(Crutch et al., 2017).  In the UCSF International Multicenter study led by Dr. Marianne Chapleau, 1000 
patients from over 16 countries were involved (Chapleau, 2024). The study confirmed that PCA is a 
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predictor of EOAD. Lopogenic variant primary progressive aphasia (lvPPA) is characterized by impaired 
repetition of phrases, slowed and hesitant speech, and word-finding difficulties, while the abilities to 
produce speech and grammar remain intact (Gorno-Tempini et al., 2011). The NACC Multicenter 
Analysis, a large-scale study of over 5000 patients, found that individuals with EOAD had worse verbal 
fluency at the time of diagnosis than those with LOAD (Galilee et al., 2025). Collectively, these findings 
support the hypothesis that EOAD is characterized by widespread cortical tau deposition, which likely 
contributes to its greater neocortical involvement, atypical clinical presentation, and more rapid cognitive 
decline compared with LOAD.  

​
3. DIAGNOSTIC CHALLENGES AND BARRIERS 

3.1 Clinical Misdiagnosis 

As a result of its habit to present with behavioral, emotional, or language changes rather than memory 
loss, EOAD is misdiagnosed as stress-related disorders, burnout, or even depression (Raphael, 2025). 
This sudden confusion leads to significant delays in referring patients to specialists (Giebel et al., 2024). 
The misdiagnosis challenges in EOAD are enhanced specifically by initial treatment efforts. 

Problems with focusing or work or navigation issues are frequently mistaken for professional burnout, 
even though these are actually early symptoms of EOAD. Specialists and clinicians also have a lack of 
suspicion since Alzheimer’s is considered a disease for the elderly, and therefore they do not consider it a 
threat for patients in their 40s and 50s. This results in diagnostic gaps where symptoms are dismissed due 
to common delusions (Kvello-Alme et al., 2021).  

3.2 Biomarker Limitations 

Something that creates barriers to effective management are biomarker limitations in EOAD 
(Perez-Martinez, 2025). The limitations in EOAD biomarker testing include the lack of standardized 
cutoffs for CSF assays, limited access to PET imaging centers, and high costs that often restrict insurance 
coverage to research specific diagnostic scenarios (VandeVrede & Schindler, 2024). These tools meet 
logistical hurdles that block their routine clinical adoption for early detection despite being reliable for 
identifying amyloid or tau pathology (VandeVrede & Schindler, 2024). These events usually happen 
before the symptoms appear.  

CSF amyloid and tau assays are highly sensitive for EOAD yet face restrictions such as lack of global 
cutoff standardization and increased assay variability between platforms (Omar & Preddy, 2020). 
Additionally, there are many diagnostic delays due to the invasiveness of lumbar punctures, leading to a 
50% misdiagnosis rate (Omar & Preddy, 2020). PET imaging centers are frequently confined to 
specialized academic medical centers, reducing access to patients that reside in rural or smaller settings 
(Barbosu & Trollip, 2026). Moreover, amyloid PET scans show high accuracy; however, they do not 
measure neuronal damage frankly, and many cognitively healthy individuals show positive amyloid scans 
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(Pontecorvo & Minton, 2011). In addition, biomarker combinations show inconsistent classification, 
which largely depends on the disease stage (Illan-Gala et al., 2018). As a result, EOAD represents 
numerous biomarker-related limitations.  

3.3 Genetic Testing Constraints 

Genetic testing for EOAD faces constraints due to the lack of disease-modifying treatments, which often 
lead to ethical concerns regarding psychological distress (Kim et al., 2015). Significant challenges include 
the need for rigorous counseling for pre-symptomatic testing, risks of stigma, potential discrimination in 
long-term health insurance, and informed consent limitations due to cognitive decline (Roberts et al., 
2021).  

Testing for PSEN1, PSEN2, or APP mutations is widely controversial because no treatment alters the 
disease course, making results predictive with significant psychological burden (Tsao, 2013). While 
diagnostic testing for symptomatic individuals is more accepted, presymptomatic testing is for at-risk 
individuals (Pierron et al., 2025). As EOAD causes early cognitive impairment, determining whether a 
patient can consent to testing is complex (Howe, 2012). There are also significant concerns regarding 
discrimination in long-term care insurance, disability insurance, and life insurance (Howe, 2012). 
Although there are laws such as the Genetic Information Nondiscrimination Act (GINA) that protect 
against health insurance discrimination, they often do not cover these other areas (Tenenbaum & 
Goodman, 2017).  

3.4 Barriers in Low- and Middle-Income Countries 

In low-and middle-income countries, diagnosing and managing EOAD is severely hindered by systemic 
shortages and cultural barriers (Sideman et al., 2022). There is a significant shortage of a 
dementia-capable workforce, including neurologists and geriatricians (Raphael, 2022). Since specialists 
are rare, primary care physicians are usually the first and only point of contact, yet many lack the specific 
training to recognize early cognitive signs in younger patients (Raphael, 2022).  

Essential tools such as PET scans, CSF assays, and advanced MRI are often restricted to high-income 
settings and are largely unaffordable to low-and middle-income countries (Aguirre et al., 2019). 
Additionally, in many regions  there is stigma surrounding neurological and cognitive disorders (Elliot et 
al., 2018). Families start to hide affected individuals from the public as a cause of fearing social isolation, 
leading to them not being able to seek early interventions or community support (Dehbozorgi et al., 
2022). In a study conducted by David A Perez-Martinez, it was found that 90% of cases in low and 
middle income countries went undiagnosed since they lacked adequate health financing (Perez-Martinez 
et al., 2025). For EOAD, these systemic barriers are especially concerning because younger patients are 
already at increased risk of delayed recognition due to atypical symptoms and the misconception that 
Alzheimer’s primarily affects older adults.  
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​
4. CURRENT THERAPEUTIC LANDSCAPE 

4.1 Symptomatic Pharmacotherapy 

Symptomatic pharmacotherapy is the use of medications to relieve the physical and psychological signs 
of an illness, instead of treating its underlying cause. In EOAD, symptomatic pharmacotherapy mostly 
relies on two primary classes of FDA-approved drugs: cholinesterase inhibitors and NMDA receptor 
antagonists (Miculas et al., 2022). The goal of these medications is to alleviate cognitive and functional 
symptoms rather than stopping the underlying neurodegenerative process (Wu & Fuh, 2025).   

Cholinesterase inhibitors are drugs that are typically  the first-line treatment for mild to moderate EOAD 
cases (Birks, 2006). These drugs work by preventing the breakdown of acetylcholine, which is an 
important transmitter that is accountable for memory and learning. NMDA receptor antagonists are 
medications that are usually prescribed for moderate to severe stages, and they work in combination with 
cholinesterase inhibitors (Singh & Patel, 2026). By overseeing glutamate, a neurotransmitter that leads to 
cell damage frequently, their pursuit is placed. Cholinesterase inhibitors and NMDA receptor antagonists 
usually are used when targeting the symptoms of EOAD (Parsons et al., 2013).  

4.2 Disease-Modifying Therapies 

Disease-modifying therapies for EOAD primarily consist of anti-amyloid monoclonal antibodies and have 
transitioned from trials to clinical practice (Filippi et al., 2026). Other therapies include FDA-approved 
treatments such as Lecanemab and Donanemab, both of which slow disease progression (Goswami et al., 
2026). However, evidence regarding their efficacy and safety specifically in EOAD remains limited 
because younger patients have been underrepresented in major clinical trials (Yang et al., 2025).    

 Anti-amyloid monoclonal antibodies are disease-modifying therapies designed to treat EOAD. They are 
designed to target beta-amyloid pathology, although the decree of clinical benefit remains modest and 
continues to be evaluated (Alkhalifa, 2025). EOAD accounts for a smaller cohort of Alzheimer’s cases in 
contrast to late-onset but presents highly unique, social, and biological features (Gaxiola, 2024). In the 
past, clinical trial representation has faced several barriers. Trials have struggled with a lack of racial, 
ethnic, and socioeconomic diversity as well as underrepresentation of younger patients (Wise-Brown et 
al., 2024). Targeted platform trials and more inclusive recruitment strategies are emphasized by the 
Alzheimer’s research community in order to actually address these representation deficiencies. Evidence 
specific to EOAD is still limited, and the applicability of those results to younger patients remain 
uncertain. 

4.3 Non-Pharmacological Interventions 
Non-pharmacological interventions are evidence-based, medication-free strategies that protect cognitive 
function, manage symptoms, and improve quality of life (Berg-Werger & Stewart, 2017). 
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Non-Pharmacological interventions are needed in order to manage EOAD and focus on promoting brain 
health through daily habits instead of consuming or taking medications. Such interventions may promote 
patient independence while improving adaptation to disease-related challenges (Li et al., 2022).  

Cognitive interventions use targeted training and personalized adaptations to operate memory and 
problem-solving challenges in daily life (Wu et al., 2025). Structured lifestyle changes fight against the 
biological and vascular risk factors associated with EOAD progression (Arora, 2023). These lifestyle 
changes include physical exercise, dietary approaches, and sleep support. Support systems help EOAD 
patients process their diagnosis and reduce anxiety about the disease burden that is placed upon them 
(Kang et al., 2022). Activities such as music and art therapy as well as expressive writing awaken positive 
memories, helping patients process the realities of their diagnosis (Benett & Vasiu, 2024).  

​
5. THERAPEUTIC GAPS SPECIFIC TO EOAD 

5.1 Underrepresentation in Clinical Trials 

Clinical trials have historically failed to capture the distinct genetic, pathological, and psychological 
characteristics of individuals with EOAD, resulting in significant therapeutic gaps. Current research and 
trial designs frequently exclude or fail to capture the distinct genetic, pathological, and psychological 
realities of patients experiencing cognitive decline before the age of 65 (Szigeti & Doody, 2011). 
Underrepresentation in EOAD clinical trials limits medical advancements. Narrow trial demographics 
exclude diverse populations that are disproportionately affected by EOAD. This lack of diversity creates 
blind spots regarding the safety and efficacy of emerging treatments (Lin et al., 2026).  

The drivers of underrepresentation in clinical trials include amyloid thresholds, restrictive eligibility 
criteria, biomarker limitations, and systemic barriers (Langbaum et al., 2024). In a study conducted by 
Breton M. Asken, Hispanic individuals had a greater amyloid burden than non-Hispanic participants 
(Asken et al., 2025). Marginalized populations, like Hispanic and Black individuals, often show reports 
with lower levels of the amyloid protein in the early stages of the disease (Asken et al., 2025). Another 
operator is that many trials require participants to have English fluency, therefore excluding non-English 
speakers (Egleston et al., 2016). In addition, lack of access to specialized neurologists and burdensome 
trial protocols prevent many eligible minority patients from joining in (Hamel et al., 2016).  

5.2 Lack of Age-Specific Guidelines 

A key criteria for EOAD is experiencing symptom onset prior to the age of 65 (Mendez, 2017). Since it 
affects younger individuals in their most active years, the condition presents unique challenges. As of 
now, there is a distinct lack of age-specific guidelines and dedicated treatment protocols for this 
demographic (Griffin et al., 2024).  
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Alzheimer’s disease guidelines are heavily designed for LOAD, as the vast majority of cases occur in 
older adults (Jack et al., 2024). Moreover, EOAD frequently presents with non-memory symptoms such 
as aphasia, executive dysfunction, or visuospatial issues (Mendez et al., 2012). Standard 
neuropsychological tests are often not appropriately validated for younger populations. Since standalone 
EOAD protocols are absent, neurologists adapt standard Alzheimer’s care to fit the unique psychosocial 
and medical needs of younger patients (Mendez, 2018). These include disease-modifying therapies, 
symptomatic medications, and multimodal lifestyle interventions (Wu & Fuh, 2025)   

5.3 Employment and Legal Protection Gaps 

EOAD as a whole affects a person’s ability to work, but it is still protected under disability laws like the 
American Disabilities Act (ADA) (Harris et al., 2019). Despite being shielded by the ADA, structural 
gaps are still present since the disease’s rapid cognitive decline prompts individuals to leave their jobs 
(Jost & Kujach, 2025). Managing EOAD in the workplace demands balancing between legal protections, 
securing accommodations, and grasping the limitations as well as the restrictions of present policies 
(Harris et al., 2019).  

Under the American Disabilities Act, qualified individuals with EOAD are legally protected from 
workplace discrimination and termination that is solely based on their diagnosis (Harris et al., 2019). 
However, employment gaps persist as a pervasive reality (Park et al., 2025). Studies show that a 
significant portion of affected individuals experience declining work performance and leave their jobs 
within one year of diagnosis, often leading to forced early retirement (Sakata & Okumara, 2017). In a 
study conducted by Nobuo Sakata and Yasuyuki Okumara, 143 employees that had EOAD were analyzed, 
and after 600 days after their diagnoses, most of them left their jobs (Sakata & Okumara, 2017). These 
findings illustrate the occupational consequences of EOAD, demonstrating how rapid cognitive decline 
can reduce workforce participation despite existing legal protections.  

5.4 Caregiver Support Deficits 

Caring for EOAD patients introduces unique deficits in support, typically compounded by career 
interruption and intensive care needs (Vu et al., 2022). Caregivers often face a dual crisis: unexpected 
out-of-pocket costs and the severe emotional strain of juggling active, younger households with 
caregiving (Caldera, 2025). In EOAD, financial vulnerability often develops years before clinicians 
formally diagnose clinical symptoms (Gresenz et al., 2024). It manifests primarily through impaired 
financial decision-making, missed bill payments, declining credit scores, and heightened susceptibility to 
financial exploitation and scams (Gresenz et al., 2024).  

Younger caregivers of individuals with EOAD face severe support deficits because medical and 
community services typically target older populations (Gibson et al., 2014). Since this condition impacts 
individuals under the age of 65, younger caregivers frequently juggle demanding careers and mounting 
financial pressure (Honda et al., 2025). Many standard eldercare and dementia programs exclude those 
under 65, leaving younger caregivers without access to age-appropriate day programs, respite care, or 
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legal/financial planning assistance (Sobers et al., 2025). Caregivers of individuals with early-onset 
Alzheimer’s ideas frequently report that coordinating care comes with a major source of stress since they 
must balance caregiving responsibilities with work and family obligations (van Vliet et al., 2011).  

​
6. CONCLUSION 
​
Early-onset Alzheimer's Disease (EOAD) represents a distinct clinical and socioeconomic crisis that 
demands an immediate shift from passive management to systemic action. By striking individuals during 
their peak productive years, EOAD exposes critical vulnerabilities across global healthcare systems. To 
reduce the profound diagnostic delays, misdiagnoses, and lack of specialized tools that currently 
characterize the disease, the medical community must address three critical pillars. First, the healthcare 
system needs to bridge critical knowledge gaps by resolving the diagnostic uncertainties between atypical 
EOAD presentations and psychiatric conditions such as burnout or depression. Simultaneously, 
researchers ought to prioritize the development of age-specific biomarkers, digital cognitive screening 
tools, and disease-modifying  therapies tailored specifically for younger cohorts. Finally, healthcare 
systems and clinicians must implement practical changes by establishing updated diagnostic protocols as 
well as constructing patient-centric support networks. Ultimately, integrating advanced early-detection 
techniques with socioeconomic support may transform care from a framework of temporary relief into a 
permanent model that will indefinitely lift the burden on patients, families, and society as a whole. 
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