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Relationship between normal state and dementia
The two-state view of early 1980’s

D Knopman



NINCDS-ADRDA Criteria 1984

 McKhann et al 1984: clinical-
pathologic entity 
 Probable AD diagnosis in life after 

exclusions
 Definite AD only at autopsy
 Over time, however, amnestic dementia 

became equated with AD – ie non-
specific clinical presentation equated 
with one specific neuropathology



Neuropath 1990s+: Pathologic heterogeneity of aging & dementia
 Alzheimer disease (plaques and tangles)
 Alpha synuclein (Lewy body disease)
 Limbic Associated TDP Encephalopathy (LATE disease) 
 Cerebrovascular disease
 Argyrophillic grain disease
=======================================
 All increase in prevalence with age
 Co-occurrence common; isolated pathology rare in old age
 All can be assoc. with dementia: “AD” syndromes not specific for AD 
 All can be present in cognitively unimpaired



Biomarker era: earliest disease specific biomarkers, CSF then
amyloid PET



History of diagnostic criteria for AD – incorporating biomarkers

 IWG (2007, 2010, 2014): clinical-biomarker construct
 NIA-AA 2011:  3 separate committees & 3 sets of guidelines
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Core principles of NIA AA research framework
 Separation of syndrome (impairment) from biology (etiology)

 Amnestic dementia and AD are not synonymous

 Biological definition 
 Term AD refers to pathologic change (plaques & tangles – not to a 

syndrome(s)
 Symptoms are a result of the disease process, not its definition

 AD defined by biomarkers in vivo – built on AT(N) construct
 Alzheimer's disease exists on a continuum not as discrete 

clinically defined entities
Jack et al Alz & Dem 2018



Operationalization: how to create orderly, common use framework? 
AT(N) biomarker grouping

 B-amyloid plaques or associated pathologic state: A 
 CSF Aβ 42, or 42/40 ratio
 Amyloid PET

 Aggregated AD tau or associated pathologic state: T
 CSF phosphorylated tau 
 Tau PET

 Neuronal injury and neurodegeneration: (N) 
 Structural MRI
 FDG  PET
 CSF total tau CSF Jack et al Neurology 2016



AT(N) Biomarker 
Profiles

& Categories
 Each biomarker group (AT(N)) 

can be dichotomized
 8 “profiles”
 3 “biomarker categories”

 Normal biomarkers 
 Alzheimer's continuum 
 Non-AD pathologic change (SNAP) 

AT(N) 
profiles

Biomarker category

A-T-(N)- Normal AD biomarkers

A+T-(N)- Alzheimer’s 
pathologic change

Alzheimer’s 
continuum*

A+T+(N)- Alzheimer’s disease

A+T+(N)+ Alzheimer’s disease

A+T-(N)+ Alzheimer’s and 
concomitant suspected 
non-Alzheimer’s 
pathologic change

A-T+(N)- Non-AD pathologic change

A-T-(N)+ Non-AD pathologic change

A-T+(N)+ Non-AD pathologic change
Jack et al Alz & Dem 2018



Dec 2013

Jack et al, Lancet Neurology 2010 & 2013

Biomarker profiles: implicit disease staging
A-T-(N)- A+T-(N)- A+T+(N)- A+T+(N)+

A T (N)

A+T-N- A+T+N- A+T+N+

(C)



Cognitive stage
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A- T- N- normal AD biomarkers,   
cognitively unimpaired

normal AD biomarkers with MCI normal AD biomarkers with 
dementia

A+ T- N- Preclinical Alzheimer’s 
pathologic change

Alzheimer’s pathologic change   
with MCI  

Alzheimer’s pathologic change     
with dementia

A+ T+ N-

Preclinical Alzheimer’s disease  
Alzheimer’s disease with  
MCI(Prodromal AD)

Alzheimer’s disease with  
dementiaA+ T+ N+

A+ T- N+

Alzheimer’s and concomitant 
suspected non Alzheimer’s 
pathologic change, cognitively 
unimpaired

Alzheimer’s and concomitant 
suspected non Alzheimer’s 
pathologic change with MCI

Alzheimer’s and concomitant 
suspected non Alzheimer’s 
pathologic change with 
dementia

A- T+ N- non-Alzheimer’s pathologic 
change,  cognitively 
unimpaired

non-Alzheimer’s pathologic change 
with MCI

non-Alzheimer’s pathologic 
change with dementiaA- T- N+

A- T+ N+

Integrating syndromal cognitive staging with biomarker profiles

Jack et al Alz & Dem 2018
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Biggest controversy for 2018 NIA AA framework:
What is the definition of AD? 

How should the term AD be used?

Two camps
 Biological definition is appropriate
 Biological definition is not appropriate



Consequence of  defining AD as progressive amnestic dementia –
illustrations of usefulness of biological definition of AD

 frequent mismatches between clinical diagnosis of “probable 
AD” (progressive amnestic dementia) & neuropathologic and 
biomarker diagnoses (Beach 2012; Sensitivity 70-87%; 
Specificity 44-70%)

 Failure modes of defining AD as a syndrome
 Progressive amnestic syndrome due to non AD pathology
 AD can present with non amnestic syndromes
 Clinical definition of AD does not acknowledge preclinical disease



Amnestic Dementia Phenotype - yes:  AD Biology - no
86 yo, F, progressive amnestic dementia. Clinic Dx “AD”. Biomarker profile 

A-T-N+, suspected non-Alzheimer’s pathologic change with dementia.
Autopsy, Hipp Scl with TDP43 (LATE Dz)

A- T- (N)+

Jack et al Alz & Dem 2018



Amnestic Dementia Phenotype - no:  AD Biology - yes 
52 yo, F, behavioral/dysexecutive presentation, memory intact, limbic Sparing EOAD

Tau PETAmyloid PET MR

Mayo Clinic ADRC
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IWG

2007

2010

2014

2021



NIA-AA vs IWG 

Modified from Jack et al Lancet Neurology 2010, 2013, 2022

IWG - at risk for AD
vs.

NIA-AA – preclin AD



AT(N) classification and clinical progression in
subjective cognitive decline Ebenau et al Neurology 2020

N= 693 Amsterdam cohort
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Major limitation of biological definition 
(until recently), major reason for “research 

framework” terminology

 Problem: CSF and PET imaging are invasive, expensive –
limits use to specialty clinics or clinical trials

 Solution: plasma biomarkers



2018plasma A



2017

2019

plasma (N)



plasma T



Update of AT(N) multimodal biomarker system in NIA AA 
framework

 Incorporate plasma biomarkers
 Eliminate assumption of equivalence between imaging and 

fluid biomarkers
 Clinical applicability: updated system must be practical, usable 

in clinical setting to meet needs of era of disease modifying 
treatments



AD biomarker harmonization
 The Alzheimer’s Association QC program: 

https://www.gu.se/en/neuroscience-physiology/the-alzheimers-association-
qc-program-for-csf-and-blood-biomarkers

 International Federation of Clinical Chemistry and Laboratory Medicine 
working group for CSF and plasma proteins: https://www.ifcc.org/ifcc-
scientific-division/sd-working-groups/csf-proteins-wg-csf/

 Global Biomarker Standardization Consortium: 
https://www.alz.org/research/for_researchers/partnerships/gbsc

 The Centiloid Project: Standardizing quantitative amyloid plaque estimation by 
PET: Klunk et al Alz and Dem 2015

https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gu.se%2Fen%2Fneuroscience-physiology%2Fthe-alzheimers-association-qc-program-for-csf-and-blood-biomarkers&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=I10r8R8zgj2ozOMYS235T6t9Cpt0mcBPqZ6s%2FLMEfQw%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gu.se%2Fen%2Fneuroscience-physiology%2Fthe-alzheimers-association-qc-program-for-csf-and-blood-biomarkers&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=I10r8R8zgj2ozOMYS235T6t9Cpt0mcBPqZ6s%2FLMEfQw%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ifcc.org%2Fifcc-scientific-division%2Fsd-working-groups%2Fcsf-proteins-wg-csf%2F&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=DGwBC1GBxrumqdynu4RNt6Ooe1JWEjVQqPxRRfCwils%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ifcc.org%2Fifcc-scientific-division%2Fsd-working-groups%2Fcsf-proteins-wg-csf%2F&data=05%7C01%7CJack.Clifford%40mayo.edu%7C6276feb341674ec1cd5908db1ae574b2%7Ca25fff9c3f634fb29a8ad9bdd0321f9a%7C0%7C0%7C638133345651346773%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000%7C%7C%7C&sdata=DGwBC1GBxrumqdynu4RNt6Ooe1JWEjVQqPxRRfCwils%3D&reserved=0
https://www.alz.org/research/for_researchers/partnerships/gbsc


Integrating clinical presentation (6 numeric stages) with biomarker 
staging: Independent sources of  information

1 2 3 4 5 6

A+T-(N)-

A+T+(N)-

A+T+(N)+

Clinical staging

Biomarker 
staging
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