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The Cognitive Continuum

• Age-related Cognitive Decline

• Subjective Cognitive 
Impairment or Objective 
Decline in ‘normal’ range

• Mild Cognitive Impairment

• Dementia



William 
Utermohlen:

Self potraits; 
dementia 
diagnosis at 
age 61, 1995
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Amyloid+

Tau +

Tau +

Neurodegeneration+

2018 ATN Alzheimer Disease Criteria: the most frequently diagnosed dementia

A+ (amyloidosis) = Alzheimer
A- = No Alzheimer

T-= Pathophysiological 
continuum
T+ = Disease

CSF: Amyloid, p-tau

PET Imaging

http://www.elsevier.com/termsandconditions


Initial Rationale: We should only treat people with X 
(amyloid) ‘lowering’ drugs if X levels are ‘high’, so A+

Supporting Rationale:
If we treat persons with high amyloid early,
before clinical symptoms, perhaps 
we can prevent clinical symptoms

PET Imaging

CSF Levels

Blood levels

A +



Population 
prevalence of 
amyloid +ve status 
in Rochester, MN:

3% at 50-59
41% at 80-89



A-, T-
A+, T-
A+, T+
A-, T-

Tau burden predicts cognitive 
decline

N=840 with CSF, 7 yr
follow-up

Why A+? A 
precedes tau





Polygenic Risk Scores: Helpful for Risk Stratification
Enrollment in Prevention Trials

13

Chouraki V et al. J Alz Dis,2016
19,687 participants of whom 2,782 developed inc   



Outline of Talk

A-T-N in Epidemiology: Impractical; Insufficient Explanation

A-T-N Framework in Clinical Care & Clinical Trials: Overlapping Biology

A-T-N in Genetic & Biological Studies: More Targets, Better Outcomes?

A-T-N Plus: What Next?

A-T-N Criteria, Stages of Cognitive Impairment: Imperfectly Aligned Axes 



Concerns about equating “Cerebral Amyloidosis” 
with Alzheimer Continuum (not Alzheimer Disease)

Social Justice Arguments
• Cost of Screening (1 Amyloid PET = Cost of Effective BP control for 10 years)

• Limited Knowledge on Prevalence in Minorities

For example,
African-
Americans may 
have less tau but 
more clinical 
dementia



Distribution of single and multiple pathologies in 90+ Study

AD = Alzheimer disease; CAA = cerebral amyloid angiopathy; HS = hippocampal sclerosis; LBD = 
limbic/neocortical Lewy bodies; macroinfarcts = 2 or more; microinfarcts = 3 or more;; SAE = white matter 

disease/subcortical arteriolosclerotic leukoencephalopathy.

Claudia H. Kawas et al. Neurology 2015;85:535-542

Without dementia

With dementia
Alzheimer Association, Facts and 
Figures, 2019: 
By 2050, 50% of clinical AD will be in 
‘oldest-old’

Multiple tau, TDP-43, Vascular etc.

Cannot Ignore Disease in 85+



Risk and Protective Factors Over Lifespan

• Prenatal Care, Education & Nutrition: Reserve
• Unknown factors: Infections, Lead, Pollution
• Cognitive engagement, hearing

• Physical Activity, Sleep
• Social interactions
• Stress, Diet

Vascular

A-T-N: Sufficient to Explain Dementia Risk Predictors?
Are vascular, lifestyle factors acting through amyloid and tau?



Framingham Heart Study: Neurology, 70+ years

Gen 1

Gen 2/ Omni 1 

1948 2019

1971 2016

Gen 3/ Omni2  

2002 2019

Exams 2 & 3: 2 rounds 
MRI & NP; mean age 42 

Since 2015: MRI/NP and Novel Imaging
Functional MRI, Amyloid and Tau PET

Brain Bank: 1997

1999 onwards: 4 rounds MRI 
Cognition ~ once in 6 yrs

Healthy Brain Aging, MCI, 
Dementia, AD, VCID, Stroke, PD, 
Epilepsy, Tremor

1975 onwards, dementia surveillance

2019



Amyloid and Tau PET associations in FHS
• 280 persons, 46% F, age 35-75 years (expect N=900 by end of study)
• Framingham Stroke Risk Profile, Arterial Stiffness

• Not associated with amyloid burden overall
• CFPWV associated in women (46%) and APOE 4+ (24%)

• Plasma total tau (N+, blood marker)
• Associated with Dementia, Cognition, not PET amyloid
• Cingulate, insular and transverse temporal tau

• Walking Speed (Clinical Biomarker)
• Associated with 2-3X risk of dementia
• Lower brain volume (N+)
• Entorhinal tau burden, not amyloid

Searching for ‘biomarkers’ and risk 
predictors/biological underpinnings
of individual endophenotypes



(Midlife) Vascular Factors 
Adversely Impact Brain Structure

[Increase Risk of Dementia]

But do not increase brain 
amyloid



129 FHS participants; stroke risk profile (DM, HTN, AF, CVD, smoking)
Ann Clin Transl Neurol. 2019;6:2403-2412
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Final Diagnosis: One ‘typical’ patient

• High ADNC
• Stage 2 LATE-NC
• Limbic (transitional) Lewy body pathology
• Mild cerebral amyloid angiopathy
• Moderate cerebrovascular disease, non-occlusive

• Moderate arteriolosclerosis and HTN changes

• Small subdural

Definite AD, by any criteria



• Valuable in Differential Diagnosis of Clinical 
Dementia

Causal or Incidental?

Problem of Missing Pathologies we cannot yet 
screen for

• For ‘Worried Well’ and ‘Persons with 
Subjective Cognitive Impairment’

Stigma, Anxiety, Impact on Family

Potentially Unnecessary or Harmful Treatment 
Changes

• Extrapolating data gathered with old to new 
criterion based Alzheimer Disease diagnosis

IDEAS Trial: “In participants who joined the study with 
MCI and scans revealed amyloid, clinicians were twice as 
likely to prescribe Alzheimer’s drugs (~40% to 80%). 
Doctors discontinued drugs in some with little amyloid”

JAMA April, 2019
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Cog Reserve Indicator: Education + Social

Lo – I - Hi  CR



102 year old E4/4 carrier with 
protective variant in PLCG2

10 minutes before 11



Protective against all types of dementia and increasing longevity?



A-T-N Based Diagnoses of Clinical Dementia 
(ADRD)
• Will likely need addition of markers for-

• Vascular 
• Inflammatory
• Mitochondrial
• Genetic (common variants)
• Genetics (rare variants)
• Other omic, molecular markers

• Environmental (built, social, behavioral)
• Lifestyle (sleep, physical activity, diet)

May not be acting through A or T pathways

Avoid the ‘peptic ulcer’ fallacy 



Alzheimer's disease drug development pipeline: 2019
Cummings, Lee, Ritter, Sabbagh, Zhong

Promising therapies based on animal 
models and Phase 1, 2 studies of ‘pure 
tau,’ ’vascular’ and other models
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How Might we move beyond A-T-N?

Explore, define dementia subtypes 
in
• International Collaborative 

Clinical Dementia Registries
• By clinical, imaging, genetic and 

omic endophenotypes
• Dementia, Cognitive (x-MIND) 

clinical trial datasets
• Biobanks and Longitudinal 

Cohorts
Recognize ‘Alzheimer disease’ as defined by A+/T+
Is likely only one part of the problem (? 50%) of dementia



Summary: Uses of A-T-N Classification: Research

• Tracking Prevalence of and Prognosis 
with Biomarkers

• ‘Cerebral Amyloidosis’? ‘Alzheimer?’

• Selecting Subjects for and Tracking 
Response in Specific Clinical Trials

• Differential Diagnosis in Persons with 
Dementia

• Genetics/Biology of Endophenotypes

• Other Markers of Cognitive Decline
• Oldest-Old, Other Race-, Ethnic-, SES groups
• Some Risk Factors not acting through A or T

• Anxiety, Stigma, Costs
• Missing Concomitant Pathology
• Assuming Risk Factors and Treatments 

Identified with old criteria apply to new

• Opportunity Cost of not finding treatable 
causal and modifying biology

GOOD CONCERNING



Thanks to all our Teams!!

Thanks to (clockwise from top left) the Biggs 2018, CHARGE at Boston 2017, Framingham at 
Neuroepiomics 2016, IGAP Team at Paris 2018
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