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Abstract

The reconceptualization of Alzheimer’s disease (AD) as a clinical and biological construct has 

facilitated the development of biomarker-guided, pathway-based targeted therapies, many of which 

have reached late-stage development with the near-term potential to enter global clinical practice. 

These medical advances mark an unprecedented paradigm shift and requires an optimized global 

framework for clinical care pathways for AD. In this Perspective, we describe the blueprint 

for transitioning from the current, clinical symptom-focused and inherently late-stage diagnosis 

and management of AD to the next-generation pathway that incorporates biomarker-guided and 

digitally facilitated decision-making algorithms for risk stratification, early detection, timely 

diagnosis, and preventative or therapeutic interventions. We address critical and high-priority 

challenges, propose evidence-based strategic solutions, and emphasize that the perspectives of 

affected individuals and care partners need to be considered and integrated.

AD is a chronic, nonlinearly progressive, multifactorial neurodegenerative disease that 

affects multiple domains of an affected individual’s life during advanced stage of 

progression, such as cognition, behavior, functional abilities and social interactions. AD 

is the most common cause of dementia, accounting for around 60–80% of cases1. In 2019, 

over 50 million people were living with dementia worldwide, and the number is expected 

to rise to 152 million by 2050, largely driven by the projected increases in low-income and 

middle-income countries2. With population growth and aging, AD is becoming one of the 

most burdensome and costly diseases facing global society today3.

Historically, the diagnosis and treatment of AD focused on clinical symptoms. In the 

past three decades, in vivo biomarker studies identified core pathophysiological alterations

—including amyloid and tau—that characterize and underly AD across its decades-long 

preclinical and prodromal phases. Such evidence has transformed the disease concept from 

clinically defined to biologically defined (Box 1)4,5. This transformation opened the gate 

to biomarker-guided, molecular pathway-based targeted therapies6,7. To date, a new wave 

of pharmacological compounds targeting AD pathophysiological hallmarks have reached 

late-stage clinical development with one agent recently approved by the US Food and Drug 

Administration (FDA) for clinical use in treating AD8–12.

The possibility of detecting AD in its preclinical or prodromal stages and the opportunity 

of therapeutic intervention to alter clinical progression call for a next-generation global 

framework of clinical care pathways for individuals with AD. Under this framework, new 

clinical pathways—which may differ by country and clinical context—must enable timely, 

accurate and effective detection, diagnosis and treatment of AD at the early stages of mild 

cognitive impairment (MCI) due to AD and mild AD dementia (collectively defined as early 

AD hereafter). To this end, in vivo assessment of AD biological continuum (that is, through 

fluid testing and imaging biomarkers) and ecologically valid/low-threshold assessment of 
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clinical symptomatology through digital health technologies will inevitably play a critical 

and guiding role in early detection, diagnosis, prognosis and therapeutic decision-making.

It is important to highlight the substantial inequalities in AD and dementia care 

currently. For example, in the United States, older Black and Hispanic individuals are 

disproportionally more likely to be affected by AD and other primary dementia disorders, 

and are more likely to have missed diagnoses, than older white individuals13. Various 

social determinants of health, such as socioeconomic status and educational attainment, 

also influence cognition and risk of AD14. Globally, more than two-thirds of people with 

dementia live in low-income and middle-income countries; however, the condition is often 

underdiagnosed and undertreated due to various factors such as lack of awareness, stigma 

and limited health care resources15. One key priority is to achieve access and equity of care 

for the growing number of people living with the disease16.

In this Perspective, we describe a blueprint for transitioning from the current clinical 

symptom-focused and inherently late-stage management of AD to a biomarker-guided and 

digitally facilitated clinical care pathway that focuses on detection and intervention at early 

stages of the disease. We will address critical hurdles to the practical implementation of 

such a paradigm shift. We emphasize that patient and care partner perspectives must be 

considered and become central when developing and implementing a new clinical care 

pathway for AD.

Defining the next-generation clinical care pathway for Alzheimer’s disease

At present in a routine clinical setting, AD is often detected at the mild-to-moderate 

dementia stage. Diagnosis is usually based on clinical symptoms without biomarker 

confirmation, and pharmacological treatment options are largely limited to those addressing 

the symptoms of AD dementia, such as cholinergic and glutamatergic modulators 

approved two decades ago to mitigate cognitive and behavioral/psychological symptoms. 

Non-pharmacological treatments have shown promise in preventing cognitive decline; for 

example, the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and 

Disability (FINGER) demonstrated that a multidomain intervention aimed at reducing 

lifestyle-related and vascular-related risk factors was effective at preventing cognitive 

decline among older individuals at risk for dementia17. This landmark study has led to 

the development of the World-Wide FINGERS network aiming to adapt, test and optimize 

the FINGER model for risk reduction and prevention of cognitive decline across different 

countries and settings18.

Emerging treatments targeting AD-associated pathophysiology are directed at earlier stages 

of the disease and aim at maintaining cognition and function11. Early intervention may 

allow the affected individual to function at the highest level longer. The availability of 

such emerging treatments necessitates the identification of individuals with early-stage AD 

in routine clinical settings beyond academic and/or trial centers. Early detection of AD 

could empower affected individuals and their care partners to make decisions about future 

treatment and care proactively, and to anticipate and adapt to the cognitive and behavioral 

changes associated with disease progression19.
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However, multiple hurdles to early detection and early intervention exist in routine clinical 

practice. Affected persons and family may not understand the early signs of AD and how 

they differ from normal aging, and may avoid seeking medical attention due to the stigma 

associated with dementia diagnosis20. Currently across the globe, the rate of undetected 

dementia is as high as ~60%21,22, with diagnosis of MCI being a rare exception rather 

than the norm. It is crucial for clinicians as well as patients and families to recognize 

the importance of early detection and diagnosis, and not overlook the early symptoms of 

AD or mislabel these as normal aging23. With these barriers in mind, we describe the next-

generation clinical care pathway for AD and its implementation in daily clinical practice 

requiring innovation in health care system infrastructures and workflow and bridging of the 

general public into a participatory framework of medicine.

Summary of key steps in future clinical care pathway for Alzheimer’s disease.

First-line diagnostic workup: primary care.—The first step of the next-generation 

clinical care pathway for AD (Fig. 1) involves a potentially affected individual or family 

members noticing subtle changes in cognition and/or behavior and proactively seeking 

medical and/or psychological consultation in a primary care setting. It may also be possible 

to detect changes during a routine visit.

The first-line medical assessment consists of recording family and medical history to 

assess for risk factors for AD (family history for neurodegenerative diseases, diabetes, 

history of traumatic brain injury, and so on) or other causes of reversible/irreversible 

cognitive impairment (for example, cerebrovascular and cardiocerebrovascular diseases, 

psychiatric disorders, metabolic/endocrinological diseases with neurological manifestations, 

cancer and its treatments, and potentially, neurological consequences of corona-virus disease 

2019)5,24–26. Assessments may be collected digitally to facilitate both patient experience and 

clinician workflow.

Physical examination (general and neurological) can identify signs of central and 

autonomous nervous system impairment that may suggest non-AD diagnoses (for example, 

early psychosis, bradykinesia, postural reflexes, involuntary movements, severe orthostatic 

hypotension and others)5,24. Digital assessments of bradykinesia, tremor and blood pressure 

may augment clinical evaluations. First-line medical evaluation would continue to include 

laboratory tests to identify other potential causes of reversible/irreversible cognitive 

impairment, such as routine blood tests for vitamin B12 deficiency and hypothyroidism, 

electrolyte imbalance, severe anemia, hepatic and renal diseases, and, when appropriate, 

screening tests for infectious diseases such as syphilis and human immunodeficiency virus.

Quick, easy-to-use and validated clinical assessment tools can be used to identify 

impairment in cognition, function and behavior. Such tools already exist, including the 

Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA) or Mini 

Cognitive Assessment Instrument (Mini-Cog) for assessing cognition, the Instrumental 

Activities of Daily Living (IADL) or Functional Activities Questionnaire (FAQ) for 

assessing daily function, and the Neuropsychiatric Inventory Questionnaire (NPI-Q) for 

assessing behavior27. However, primary care physicians (PCPs) often have substantial time 

constraints and may require training and support to evaluate individuals with such methods. 
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Moreover, many of the standard instruments are impacted by linguistic, cultural, educational 

and demographic factors, and referral to specialists for more in-depth neuropsychological 

evaluation may be required for accurate diagnosis in certain situations28. In the future, 

low-threshold digital assessment tools for measuring cognitive performance will be 

needed27,29,30. In addition, blood-based biomarkers of AD pathophysiology—currently 

under clinical validation and/or qualification—may also be used in the primary care setting 

in the future to better inform referral to AD specialists who would be in charge of the 

second-line diagnostic workup and therapeutic decision-making29,31–34.

Second-line diagnostic workup and therapeutic decision-making: Alzheimer’s 
disease specialist.—In the AD specialist setting with a neurologist, geriatrician or 

geriatric psychiatrist, a more comprehensive clinical evaluation will determine if the 

clinical presentation is consistent with AD. Specialist assessment is particularly important 

in complex cases with atypical presentation, early-onset or rapid progression35. Brain 

computerized tomography (CT) and magnetic resonance imaging (MRI) are recommended 

to identify structural explanations for cognitive impairment, such as neoplasm, past stroke or 

hydrocephalus, to name a few36. Atrophy patterns of the brain can provide first signs for the 

presence of a neurodegenerative disease35.

The second-line diagnostic workup is characterized by in vivo demonstration of AD 

hallmark pathophysiological changes reflected by the amyloid/tau/neurodegeneration 

(AT(N)) classification system, that is, proteinopathies involving amyloid-β (Aβ) and tau 

pathways, axonal damage and neuronal loss (Table 1)5. In the medium to long term, blood-

based biomarkers may evolve from triage tools to confirmatory biomarkers comparable to 

the current standard of amyloid positron emission tomography (PET) or cerebrospinal fluid 

(CSF) biomarkers. It is important to exclude any amnestic cognitive syndromes without 

Aβ and tau pathology such as limbic-predominant age-related TDP-43 encephalopathy 

neuropathological change (LATE-NC)37,38. Currently, this is only possible by excluding AD 

specific pathology; in the future, positive biomarkers for TDP-43 in the CSF may become 

available39.

In situations where AD is excluded as the cause for cognitive impairment, the path for the 

individual would be redirected toward non-AD conditions. A diagnosis of AD would require 

discussions between the clinician and the individual/family for prognosis. The most critical 

prognostic outcomes to individuals and their care partners are related to cognitive decline, 

dependency and physical health40.

Therapeutic interventions will consist of agents targeting AD-associated pathophysiology, 

although at present patients must be aware that these treatments are unlikely to stop or 

reverse cognitive decline. These therapies will likely be given in combination with existing 

symptomatic treatments (cholinesterase inhibitors or memantine), and likely guided by the 

profile of biomarker and behavioral or functional changes11,41. Treatment continuation, 

cessation or dose adjustment will be determined based on clinical and biological factors42,43.

In the future when treatments for preclinical (presymptomatic) stages of AD become 

available, identifying such populations will become critical. At such time, a personalized, 
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multidimensional approach to the diagnosis of preclinical AD should be considered for the 

best chance of diagnosis and progression prediction. This will likely include identifying 

genetic risk factors associated with AD and abnormalities in fluid and neuroimaging 

AD biomarkers; in particular, periodic screening with blood-based biomarkers of AD 

pathophysiology (Aβ42/40 and phosphorylated tau (p-tau) species) in appropriate populations 

should be considered44. Such a complex approach has several outstanding issues such 

as diagnostic accuracy, cost of diagnosis and treatment relative to benefit) yet without 

consensus on when a preclinical diagnosis of AD is indicated and how it should be 

performed22,45,46. Consensus process in the future should involve clinical and biomarker 

experts, but also patient advocacy groups and representatives of regulatory agencies and 

payers. In addition to pharmacological interventions, multidomain lifestyle interventions 

could prove beneficial over the long term in such populations, which may include 

modifications of diet, exercise, sleep and social and cognitive stimulation47.

Communication with patients and their care partners.

Patient and care partner perspectives must be considered when developing and implementing 

the next-generation clinical care pathway for AD48–51. Their collective involvement is 

essential to provide insight into possible gaps in existing health services48–50. Qualitative 

studies have revealed the need for: (1) early diagnosis through a well-organized process, 

(2) a notably shorter pathway to accessing support services for their current needs and 

care goals, (3) easily accessible, adequate and clear information about cognitive testing, 

medications, disease progression, finances and behavior, (4) effective disease management 

by highly knowledgeable and experienced clinicians, and (5) good communication skills 

of clinicians48. Individuals at risk for AD or with early AD and their families will need 

substantial health literacy to understand and apply the increasingly complex and nuanced 

information such as risk prediction, early detection and prognosis for decision-making 

on health-related issues. Overall health literacy can vary substantially, and effective and 

clear communication from clinicians with empathy and sensitivity to individual needs 

and preferences is critical52. In the context of diagnosis and therapeutic workup, among 

a number of informative topics, clinicians must effectively communicate the rationale 

for biomarker testing, the results and implications for treatment and to set appropriate 

expectations, as treatments that target AD-associated pathophysiology are likely to slow 

clinical decline without noticeable improvement in symptoms53,54. Involving the patient and 

care partner to understand what matters to them regarding health, cognitive, behavioral and 

functional status as a measure of treatment success and developing a tool for this purpose 

is equally important55,56. In addition, patient and care partner preference in how they would 

like to be informed must be taken into consideration.

Use of biomarkers in clinical care of Alzheimer’s disease

The incorporation of biomarkers represents a major innovation in the next-generation 

clinical care pathway for AD, supporting screening, diagnosis and disease staging as 

well as predicting the rate of progression, determining prognosis and assisting therapeutic 

decision-making9. Established Aβ biomarkers such as those measured by PET imaging or 

CSF analysis should be used to assess the presence of amyloid pathology and is mostly 
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used today in specialized and tertiary care for diagnostic confirmation and therapeutic 

decision-making. Three radioligands for amyloid PET have been approved by the US 

FDA and European Medicines Agency (EMA) for amyloid plaque imaging in cognitively 

impaired individuals being clinically evaluated for AD and other causes of cognitive decline. 

These include 18F-florbetapir57, 18F-flutemetamol58 and 18F-florbetaben59. Amyloid PET 

was validated against the gold standard of neuropathology, has undergone extensive 

standardization and has been widely used in AD clinical trials34. The appropriate use criteria 

for amyloid PET are available, providing guidance to clinicians on the types of patients and 

clinical circumstances in which amyloid PET should be used60,61. Interestingly, an applied 

study showed relevant clinical benefit of amyloid PET imaging even for individuals who 

did not meet the appropriate use criteria62. The Imaging Dementia-Evidence For Amyloid 

Scanning (IDEAS) study provided evidence that amyloid PET positively impacts diagnostic 

accuracy and certainty as well as patient management63. As such, amyloid PET is likely 

to be the first choice for clinical use in the context of anti-Aβ agents, especially in the 

United States and Europe. However, the limited availability of PET scanners, radioligand 

manufacturing centers and nuclear medicine teams, as well as the high cost and lack of 

reimbursement are all factors that constrain its global use in routine clinical practice34,64.

CSF biomarker analysis for Aβ42 has been developed and standardized using certified 

reference materials and methods65. The CSF Aβ42/40 ratio is highly concordant with 

amyloid PET, and evidence suggests that Aβ abnormalities may be detected in CSF 

earlier than by amyloid PET. Both the FDA and the EMA have encouraged further study 

of CSF biomarkers in the context of clinical AD diagnostics34,65. The appropriate use 

criteria for lumbar puncture and CSF testing during the diagnostic workup of AD have 

been established66, and further recommendations to optimize the safety profile of lumbar 

puncture are available67. Recommendations and protocols to standardize the pre-analytical 

aspects of CSF biomarker testing for AD are also established68,69.

Besides Aβ, development of tau biomarkers has also advanced markedly. Various tau 

PET radioligands could chart the spatial spreading of tau pathophysiology in vivo, which 

tightly correlates with cognitive and functional outcomes across AD clinical stages34,70. 

Flortaucipir F18 was recently approved in the United States for imaging tau pathology in 

individuals with cognitive impairment who are being evaluated for AD, and several other 

investigational tau tracers are being actively studied34,70. Among several contexts of use of 

tau biomarkers71–73, monitoring downstream biological effects on tau pathways following 

anti-Aβ treatment and guiding future anti-Aβ and tau combination therapies represent two 

unique opportunities34.

As PET imaging is expensive and of limited availability, and CSF sampling may be 

considered invasive, the rapidly advancing blood-based biomarkers for AD are particularly 

promising, given the broad availability, scalability and cost-effectiveness of blood tests 

globally (Box 2). Plasma Aβ42/40 shows great promise in accurately reflecting amyloid 

PET and CSF Aβ42/40 results74–76. A mass spectrometry-based plasma Aβ42/40 test 

achieved an accuracy of 0.81 (area under the receiver operating characteristic (ROC) 

curve) in predicting brain amyloid status, and has recently received Clinical Laboratory 

Improvement Amendments certification77. Besides Aβ, plasma p-tau181, p-tau217 and 
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p-tau231 are emerging as accurate, specific and accessible biomarkers for detecting early 

AD-related pathophysiology78–84. In the near term, blood-based biomarkers reflecting 

core AD pathophysiology have the potential to serve as screening and triage tools to 

identify those who should be tested with more resource-demanding techniques such as 

PET imaging and/or CSF biomarker analysis. It will be important to define standard 

diagnostic pathways following a positive blood biomarker test, including the development of 

an evidence base for predictive accuracy within a primary care setting, provision of access 

to specialized care, and determination of thresholds of positivity that will guide the use of 

new treatments targeting AD pathophysiology9,32,85. In the future, blood-based biomarkers 

may be developed for other contexts of use such as to predict disease risk, track disease 

progression and monitor treatment response9,32.

Biomarkers reflecting other components of AD-related pathophysiology, such as neuronal 

injury/neurodegeneration (CSF total tau and neurofilament light chain (NfL), volumetric 

MRI), synaptic dysfunction (CSF neurogranin, 18F-fluorodeoxyglucose (FDG)-PET and 

synaptic vesicle glycoprotein 2A (SV2A) PET) and inflammation (CSF chitinase-3-like 

protein (YKL-40), glial fibrillary acidic protein (GFAP) and soluble triggering receptor 

expressed on myeloid cells 2 (TREM2), translocator protein (TSPO) PET and monoamine 

oxidase B (MAO-B) PET) are emerging, but are not yet ready for clinical implementation 

(Table 1)34.

It is worth noting that a sizable portion of individuals with AD exhibit comorbid pathologies 

such as vascular lesions or intracellular inclusions of TDP-43 (refs. 86,87). There is an urgent 

need for research to develop imaging and fluid biomarkers for common co-pathologies 

such as TDP-43, α-synuclein and other misfolded proteins. Further studies are needed to 

understand how comorbid pathologies contribute to the biological and clinical progression 

of AD, and how to factor these in during the clinical management of patients. In addition, 

biomarker data on individuals aged 85 and older (oldest old) are scarce; given that age 

is the greatest risk factor for late-onset AD and considering the pace of population aging 

worldwide, more research is needed to map the biomarker landscape in this population13. 

Similarly, more biomarker research on middle-age, at-risk populations is needed given the 

importance for prevention efforts in such populations (Box 3).

Although biomarkers form the cornerstone for the next-generation clinical care pathway 

for AD, their use is currently limited in clinical practice. Clinicians may be reluctant 

to discuss biomarkers to avoid burdening their patients, perhaps in part because there 

are still uncertainties regarding the clinical utility of a biomarker-based diagnosis. These 

uncertainties may result in some clinicians steering their patients away from further 

biomarker testing88. Moreover, clinicians vary in their approach to informing a patient they 

have early disease, with about one-half of clinicians preferring not to use the term MCI88. 

Web-based tools are emerging to support clinicians and patients with decisions on diagnostic 

testing, interpretation of individually tailored biomarker test results, and the communication 

of test results to individuals and their families89. Clinicians should receive appropriate 

education and practical training on the use of new tools and assessments5,67,90.
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Use of digital health technologies in clinical care pathway

The rise of digital health technologies represents another major opportunity to improve 

the AD clinical care pathway (Fig. 1). Such technologies are particularly poised for 

early detection/case finding and tracking longitudinal disease progression and/or treatment 

response.

The transition from traditional cognitive testing to nonintrusive digital assessment offers 

several advantages. First, nonintrusive testing offers ecological validity owing to the patient 

assessment in their normal environment and outside the hospital setting. Second, thanks 

to its convenience, digital assessments can be more frequent as compared to traditional 

in-clinic assessments, thus allowing documentation of, and control for, day-to-day variations 

in cognitive function. Third, assessment of everyday activities as a surrogate indicator of 

abstract cognitive functions increases the functional relevance of the patient assessment. 

And finally, zero-effort technologies provide access to patients outside standard cognitive 

testing, such as individuals with advanced stages of dementia, those with reduced hearing, 

or those who are illiterate42. Digital cognitive testing also has the potential to overcome the 

socioeconomic and cultural biases embedded in some traditional neuropsychological tests.

In the near term, digital health technologies that require active input from the user to assess 

changes in cognition, function and quality of life are under development29,42,91. In the 

long term, the rapid progress in sensor-based technologies, including mobile and wearable 

devices (smartphones and smart watches) may support increasingly early detection of subtle 

changes associated with AD onset (for example, speech/language, oculomotor skills and 

movement) in a continuous, passive and unobtrusive manner (that is, digital biomarkers). 

This will enable risk assessment, screening and disease prediction with little or no active 

engagement by the participants42,91–98. As an example, the Oregon Center for Aging 

& Technology (ORCATECH)/Collaborative Aging Research Using Technology (CART) 

platform utilizes ambient technologies and wearables to longitudinally monitor cognition, 

physical mobility, sleep and the level of social engagement in the homes of older adults99. 

Such data can be integrated and analyzed to find meaningful behaviors that identify people 

at different stages of cognitive decline100. Digital health technologies will play a central role 

in an integrated care model (for example, the Integrated Care for Older People (ICOPE) 

recommended by the World Health Organization) that not only focuses on cognition but also 

addresses other functions that maintain brain research, such as mobility, psychology, vitality, 

hearing and vision101–103.

Important considerations for the use of digital technologies include privacy issues, 

specificity and sensitivity to AD versus other causes of cognitive impairment or dementia, 

user friendliness, reliability, costs and access, among others42,104. Once in clinical practice, 

the ultimate goal of digital health technologies is to facilitate patient self-management and 

maintain people living independently for as long as possible42,105,106.
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Challenges and potential solutions: a holistic perspective

With biomarker-guided, pathway-based targeted therapies emerging, modeling studies 

predict that health care systems in many regions/countries will not be able to meet the 

demand of patients for diagnosis and treatment of AD107–110. In the United States, ~15 

million individuals with MCI would need to be evaluated by specialists, undergo diagnostic 

testing and pursue treatment107. Current estimates show that the expected caseload of 

patients will result in long average wait times for specialist visits (~50 months) with many 

patients developing AD dementia while on waiting lists107,111. The strained capacity of 

memory specialists will limit access to diagnosis and treatment107,111.

There are additional obstacles to meet the demand of people with AD. Although some 

countries have dementia plans in place, the emphasis is often on the management of 

patients with descriptive dementia syndromes and does not adequately address prodromal 

symptomatic MCI, and etiology in general or early-stage disease112–114. Coverage of 

services is also limited, especially for routine use of confirmatory biomarker tests. For 

countries with the capacity to absorb increases in service demand, there may not be 

an incentive to scale up patient volume due to budgetary considerations112. Moreover, 

there will be challenges keeping pace with the necessary infrastructure to accommodate 

recommended procedures, such as adding PET tracer manufacturing capacity and installing 

PET scanners, increasing the volume of biomarker testing, ensuring sufficient availability 

and accessibility to infusion centers and having the necessary infrastructure for monitoring 

treatment safety and efficacy112,115,116. Other potential issues also include clinician capacity 

and capabilities; recent reports show a limited number of dementia specialists in the United 

States, Canada, Europe and Japan, and clinicians may be reluctant to evaluate a patient for a 

decline in cognitive function if they don’t feel adequately trained or believe that there are no 

therapeutic advantages to identifying a decline in cognitive function112,113.

With these obstacles and challenges, there is a pressing need to determine the essential 

steps toward system preparedness for the next-generation AD clinical care pathway. Primary 

care is a critical entry point into health care systems with a larger number of general 

providers compared with specialist services107,112. Better tools are being developed to 

identify and triage patients in the primary care setting29. Digital health technologies, 

including digital cognitive assessments, have the potential to detect early cognitive decline 

and monitor progression, while the emerging blood-based biomarkers—following analytical 

and clinical validation—could be used to enhance the likelihood of AD as the etiology 

of the observed cognitive decline31,32,42,97,117. To this end, a study showed that a brief 

cognitive test in combination with a blood-based biomarker test of AD pathophysiology at 

the primary care level can substantially improve triaging in primary care and lead to reduced 

waiting times for a specialist visit during the diagnostic process31. Besides diagnostic 

evaluation, prognostic information including the risk of disease progression is important 

to guide treatment decisions. For example, for cardiovascular diseases, the American Heart 

Association and the American College of Cardiology have issued predictive equations to 

guide treatment decisions based on projected risk of cardiovascular events; similar tools for 

AD could give clinicians a holistic view of a patient’s risk of progression118. To this end, 

the Interceptor Project in Italy is monitoring a group of patients with early-stage cognitive 
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decline to determine factors from the initial evaluation of the patient that could predict 

progression119.

Telehealth will be an essential component of the next-generation pathway by providing 

coordinated care between a patient, care partners and clinicians (that is, nurse, PCP and 

specialist), and will allow access to memory care and remote monitoring in individuals who 

cannot leave home, or in those without adequate transportation or living in a rural area120. 

More defined hub and spoke arrangements linking PCPs to specialists through telehealth and 

related technologies may facilitate care by coordinated teams.

Better care models and incentives are needed to increase a PCP’s involvement in AD care. 

For example, cognitive screening is a mandatory requirement of the driver’s license renewal 

process for older people in Japan, while walk-in clinics are available for screening and 

consultation in memory centers in Korea110. The emergence of telecare-enabled specialist 

support has helped to empower PCP sites in the United States107. In addition, accountability 

schemes have emerged as incentives, such as use of age-adjusted dementia diagnosis rates as 

a quality measure for general practitioners in the United Kingdom112.

Specialty care for AD will need to evolve to accommodate a shift from the current focus 

on diagnosis often at late stages of the disease and counseling to more emphasis on 

diagnosing the disease at early stages and offering new treatments that target the underlying 

pathophysiology. For example, memory clinics have been logistically located near general 

hospitals in the United Kingdom to provide one-stop, large-scale practices that can handle 

all aspects of care with biomarker testing, differential diagnosis and infusion therapy112. 

Agile learning health care systems will be required to adjust continuously to new and 

emerging therapies for AD and related disorders.

Ethnic, socioeconomic and racial disparities have been identified in people with AD121–123. 

Differences in risk factors (for example, genetics, comorbid cardiovascular disease or 

metabolic syndrome) between races may play a role in the incidence and prevalence 

of AD, while cultural factors (for example, lack of access to medical care, trust issues 

between marginalized groups and the health care system) may influence diagnosis and 

treatment121–123. Inherent biases may exist in cognitive screening tools that complicate 

the diagnosis of AD in less educated groups121 and there is an underrepresentation of 

marginalized groups in clinical research and clinical trials122,124,125. Improving diverse 

participation in clinical research and clinical trials is paramount to understanding how 

factors like race, ethnicity, socioeconomic status, gender, sexual orientation, education and 

culture interact with biological factors associated with AD122,125–129. The next-generation 

clinical care pathway will need to address the issue of diversity as well as social 

determinants of health to optimize equity of care for all individuals with AD121–125.

Conclusions and perspectives

The conceptualization of AD as a clinical–biological construct and the emerging biomarker-

guided pathway-based treatments targeting AD-associated pathophysiology highlight the 

importance and urgency of developing and implementing a global framework for the next-
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generation AD clinical care pathway. Detecting the disease at its initial and early stages 

will be crucial, and primary care will have an important role in case finding. Utilizing a 

‘memory care enabled’ workforce including nurse practitioners, community health workers 

and geriatric care managers may reduce the burden and complete reliance on the PCPs as 

the gateway to diagnosis and care130. Diagnosis will include biomarker assessments, which 

will also guide the initiation of treatment as well as monitoring of treatment response, dose 

adjustments, and treatment continuation or cessation. Including patients and care partners 

early in the development process will ensure acceptance and accessibility of novel pathways 

and technology for those most affected. Although patient and public involvement has been 

utilized in other medical specialties such as oncology and pediatrics, a pragmatic approach 

needs to be adapted and transformed for AD clinical care.

The successful development and implementation of the next-generation AD clinical care 

pathway outlined above depends on close interaction and cross-functional collaboration with 

stakeholders including regulators, pharmaceutical and biotechnology industry, policymakers, 

and payors. While the current paper centered on the clinician and patient as well as the care 

partner perspective, optimization of the clinical care pathway needs to be complemented by 

the health system and cost viewpoints. Both perspectives need to be integrated in the near 

future once a clinical care pathway addressing the most urgent needs of patients and family 

has been agreed on by health care system stakeholders.

The next-generation clinical care pathway for AD must address the critical issues of 

diversity and inclusion to ensure health equity for the enormous and rapidly growing number 

of AD patients across the globe. A starting point is to ensure more inclusive participation in 

observational biomarker research and in clinical trials so that therapeutic approaches will be 

broadly applicable and available. The new pathway needs to be adapted to local resources 

and capabilities to maximize the health benefit for patients. From there it will become clear 

that the next step is to devise the roadmap toward a transformation to precision neurology

—a holistic and synergistic approach to AD care that encompasses genetic, biological 

(that is, biomarker), clinical and environmental profiling of individual patients to guide the 

development of individualized treatment schemes and ultimately, prevention and extension 

of brain healthspan131–135.
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Box 1 |

The conceptual transformation of Alzheimer’s disease from a clinical–
pathological and primarily symptom-based entity to a clinical–biological 

construct

• In 1984, diagnostic criteria for AD were first defined by the US NINCDS-

ADRDA137.

– Definitive AD: diagnosis requires autopsy.

– Probable AD: Clinical entity; discordance between clinical diagnosis 

and AD-type neuropathology at postmortem showed approximately 

30% mismatch138,139.

– Atypical phenotypes show different patterns of progression24,140.

• In 2007, the IWG defined AD as a clinical–biological entity.

– AD defined by specific clinical phenotypes and in vivo fluid and 

neuroimaging biomarkers.

– Definition broadened and included the pre-dementia stages141.

– By 2016, the IWG expanded the natural history for AD 

recommending classifications of the preclinical/presymptomatic 

stages and atypical presentations24,142,143.

• In 2010, the NIA-AA working groups formulated three research diagnostic 

criteria based on cognitive changes and pathophysiological evidence using 

biomarkers. These included the dementia phase of AD, the symptomatic 

pre-dementia phase (MCI) of AD, and the asymptomatic, preclinical phase of 

AD144–146.

• In 2016, the AT(N) research framework was developed (Table 1)147.

– ‘A’ = Aβ biomarker (amyloid PET or CSF Aβ42 or Aβ42/40 ratio)

– ‘T’ = tau pathology biomarker (CSF p-tau or tau PET)

– ‘N’ = neurodegeneration or neuronal injury (CSF total tau, 18F-

FDG-PET, or structural MRI)

– ATX(N): ‘X’ = additional novel pathophysiological markers9.

• In 2018, an NIA-AA research framework update defined AD by biomarkers 

alone and not clinical symptoms5.

– AD: neuropathological or biomarker evidence of the disease (that is, 

amyloid plaques and pathological tau deposits).

– Created a six-stage clinical scheme of the AD continuum5,147.

• IWG argued AD diagnosis should include positive biomarkers (that is, 

amyloid-positive and tau-positive) and specific AD clinical phenotypes, 
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whereas cognitively unimpaired individuals with positive biomarkers should 

be considered ‘at risk for progression to AD’4.

• In 2018, the FDA staging system for AD was developed to facilitate treatment 

development in the early stages148.

– Stage 1: normal cognition and biomarker evidence of AD.

– Stage 2: cognitive symptoms detectable with very sensitive 

assessments and biomarker evidence of AD.

– Stage 3: easily demonstrable cognitive abnormalities; functional 

deficits detectable only with sensitive measures and biomarker 

evidence of AD.

– Stages 4–6: mild, moderate and severe dementia148.

Evolution of the diagnostic criteria for Alzheimer’s disease.
This timeline highlights key milestones in the development and updates to the diagnostic 

criteria for AD, the biological and clinical requirements that accompany their use, and 

their applicability in research and clinical settings. ADRDA, Alzheimer’s Disease and 

Related Disorders Association (now the Alzheimer’s Association) Work Group. IWG, 

International Working Group; NIA-AA, US National Institute on Aging and Alzheimer’s 

Association; NINCDS, National Institute of Neurological and Communicative Disorders 

and Stroke. Cognitively unimpaired individuals are considered at risk for AD. Schematic 

is based on the information in ref.4.
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Box 2 |

Strengths and limitations of each biomarker modality

Modality Strengths Limitations

PET • Localization of amyloid or tau

• Quantification of pathology 
load; qualitative reading 
program for clinical practice

• Regulatory approval of Aβ 
PET tracers for in vivo 
detection of Aβ

• Regulatory approval of tau 
PET tracer for in vivo 
detection of tau pathology

• Limited access/high cost

• Each biomarker scanned 
for separately

• Exposure to radioactivity

• Infrastructure requirements 
including cyclotrons to 
manufacture the tracer, 
scanners and software for 
quantitative analysis of the 
scans (in research setting)

CSF • More cost-effective than PET

• Multiple biomarkers from one 
draw

• More accessible and scalable 
than PET

• Lumipulse G β-amyloid ratio 
(1–42/1–40) in vitro diagnostic 
test received FDA approval

• No localization

• Invasive due to the need 
for lumbar puncture

• Pre-analytical factors (for 
example, how samples are 
collected and stored) could 
affect results

Blood • More cost-effective than PET 
and CSF

• More accessible and scalable 
than PET and CSF

• Multiple biomarkers in one 
drop of blood

• Less invasive than CSF testing

• Easily repeated measurements 
over time

• No localization

• Additional validation 
required to confirm 
accuracy

• Not yet available for 
clinical use

• Pre-analytical factors (for 
example, how samples are 
collected and stored) could 
affect results
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Box 3 |

Glossary

Biomarker

Usually refers to a group of broad medical characteristics that can be objectively 

measured as an indicator of the body’s normal biological processes, or as an indicator of 

pathogenic processes and response to therapy. To qualify as a biomarker, a characteristic 

must be measurable, quantifiable, accurate and reproducible.

Context of use

In relation to biomarkers, this usually refers to the description of the biomarker’s 

specified and appropriate use and how the biomarker is applied in drug development 

and clinical care.

Digital biomarker

Clinically meaningful and objective physiological and behavioral data that can be 

measured using digital and sensor-based technologies, including mobile and wearable 

devices such as smartphones and smart watches.

Digital health technologies

These refer to technologies that require the use of computers, connectivity, software and 

sensors for health care and all its related uses.

Functional Activities Questionnaire (FAQ)

A screening tool for evaluating difficulties in activities of daily living that allow an 

individual to care for themselves. The main distinguishing feature of the FAQ is that, 

unlike the IADL, it measures more basic tasks such as eating and bathing.

Instrumental Activities of Daily Living (IADL)

This assesses the ability or need for assistance to perform activities that allow an 

individual to live independently in a community and to improve quality of life. Domains 

assessed include cooking, cleaning, transportation, laundry and managing finances.

Mini Cognitive Assessment Instrument (Mini-Cog)

Compared to other cognitive screening tools, this is a relatively quicker 3-min test to 

screen for cognitive impairment in older adults in both the community and health care 

settings. The test uses a three-item recall test for memory and a clock-drawing test.

Mini-Mental State Examination (MMSE)

An 11-question measure widely used to test cognitive function among the older 

population; it includes a systematic and thorough test of five areas of cognitive function: 

orientation, registration, attention and calculation, recall, and language. Of a maximum 

score of 30, 23 or lower is indicative of cognitive impairment.

Montreal Cognitive Assessment (MoCA)
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A rapid screening tool for mild cognitive dysfunction that assesses cognitive 

domains including attention and concentration, executive functions, memory, language, 

visuoconstructional skills, conceptual thinking, calculations and orientation. Of a 

maximum score of 30, below 26 is indicative of cognitive impairment. This is considered 

a good screening tool for persons who score above the cutoff for MMSE.

Neuropsychiatric Inventory Questionnaire (NPI-Q)

An informant-based test for assessing behavior. It assesses neuropsychiatric symptoms 

including delusions, hallucinations, aggression, dysphoria/depression, anxiety, euphoria/

elation, apathy/indifference, disinhibition, irritability/lability, aberrant motor behaviors, 

night-time behavioral disturbances and appetite/eating disturbances.

Patient journey

A term usually used to refer to a patient’s experience throughout an episode of care. 

This may entail the entire scope of events of patient experiences within a health care 

ecosystem, including undergoing regular checkups and receiving treatment.

Polygenic risk score

A score related to the risk of developing a disease, estimated based on the total number 

of changes or variations in an individual’s genes that are related to the disease. This has 

potential to improve personalized disease risk prediction using genetic data.

Sensor technologies

Sensor technologies require the use of sensors to detect physical, chemical or biological 

properties of an individual and convert them into readable and meaningful information.

Hampel et al. Page 25

Nat Aging. Author manuscript; available in PMC 2023 August 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1 |. The next-generation clinical care pathway for Alzheimer’s disease.
a, An overarching illustration. The next-generation clinical care pathway begins with healthy 

aging and participation in preventive lifestyle measures to slow or prevent accumulation 

of AD pathophysiology, with the goal of extending healthspan across populations. 

Symptom detection, triggered by concerned individuals or family members, or detected 

during a routine wellness visit, may involve cognitive testing and, in the future, blood-

based biomarkers and digitally based assessments. This will be accompanied by clinical 

assessments involving standard laboratory tests and physical examination. Any recorded 

cognitive impairment will be confirmed with standardized biomarker tests. Individuals with 

confirmed disease will proceed to treatment initiation with relevant AD therapy followed 

by long-term monitoring, of which digital technologies and blood-based biomarkers will 

play a key role in the future. b, Digital health technologies in future AD clinical care and 

the path toward a precision monitoring and detection platform. A precision monitoring and 

detection platform will require a transformation from the traditional data collection methods 

to the inclusion of digital technologies. This will include active engagement technologies 

that require individual interaction and engagement to passive engagement technologies that 

collect data in the background while the individuals keep to their daily routine. AI, artificial 

intelligence; EEG, electroencephalogram; NP, neuropsychiatric; PSG, polysomnography.
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