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What is a biomarker?

• A measure of brain pathology that can be obtained in the living 
subject – biomarkers are proxies for specific pathological changes 
in the brain

• Accepted Alzheimer's biomarkers are imaging or biofluids (CSF)
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Outline

• AD Diagnosis past and current
• ATN Framework
• Mayo Clinic Study of Aging
• Biomarkers in the community
• Big picture and future directions
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Old Conception of Alzheimer’s Disease

Cognitively Normal Dementia 
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Alzheimer’s Disease Spectrum
Preclinical AD

MCI Due to AD

Dementia Due to AD
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NINCDS-ADRDA Criteria 1984
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Alzheimer’s Disease as a 
Clinical – Pathological Entity
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2018
NIA-AA Framework

Alzheimer’s disease as a biological entity 
defined by positive biomarkers for amyloid and tau

Clinical Spectra Independent

2011
NIA-AA Criteria

Clinical syndrome with biomarkers for amyloid and neurodegeneration

Alzheimer’s Disease
1984

NINCDS-ADRDA Criteria
Clinical-Pathological definition
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Jack et al: Alzheimer's & Dementia 14(2018)535-562. 
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ATN Biomarker Grouping
• B-amyloid plaques (A)

• CSF Ab 42 (low), or better low 42/40 ratio
• Amyloid PET

• Aggregated tau (T)
• CSF phosphorylated tau (high)
• Tau PET

• Neuronal injury and neurodegeneration (N) 
• Structural MRI
• FDG  PET
• CSF total tau (high)
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2018 NIA-AA Research Framework 
to Investigate the Alzheimer’s 

Disease Continuum

Objective: update a scheme for defining and 
staging the disease across its entire spectrum with 
which the research community can communicate 

findings in a common manner
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What is the definition of AD?

• Term AD refers to pathologic change – not specific 
syndrome

• AD is identified at post mortem by pathologic changes 
and/or in vivo by biomarkers

• Symptoms are part of the disease continuum not its 
definition

•Major shift in thinking
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Biomarker Profiles and Categories
ATN profiles Biomarker category

A-T-N- Normal AD biomarkers

A+T-N- Alzheimer’s pathologic change

Alzheimer’s 
continuum

A+T-N+ Alzheimers pathologic change

A+T+N- Alzheimers disease

A+T+N+ Alzheimers disease

A-T+N- Non- AD pathologic change

A-T-N+ Non- AD pathologic change

A-T+N+ Non- AD pathologic change
If an individual has an abnormal amyloid biomarker study, but a biomarker for tau is not available, 

then the individual is placed into the “Alzheimer’s continuum”
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Biomarker Profiles and Categories

If an individual has an abnormal amyloid biomarker study, but a biomarker for tau is not available, 
then the individual is placed into the “Alzheimer’s continuum”

A+T+N- Alzheimers disease

A+T+N+ Alzheimers disease
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Neuroimaging in AD
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Amyloid Imaging



©2018 MFMER  |  3791436-21

02-310-847 06-209-892

3

2.5

2

1.5

1

0.5

0

aMCI AD

00-863-895

CN

PIB Idealized



©2018 MFMER  |  3791436-22

3
2.5

2
1.5

1
0.5

0

Lo
w

H
ig

h

CN aMCI AD

CN aMCI
Amyloid PET – Full Spectrum



©2018 MFMER  |  3791436-23

Amyloid (PiB) PET Differences
Cognitively Normal vs. AD Dementia
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Tau Imaging
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Tau PET
Clinically normal 84-yo AD dementia 71-yo 
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I
II
III
IV
V 
VI

Tau PET
Cognitively Normal vs. AD Dementia
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Proposal to Define and Stage AD

To Stage AD
Neurodegeneration

MRI
FDG PET

Clinical Syndromes
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MRI Atrophy Patterns
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Structural MRI: Atrophy and AD Stage

Control, 70, F MCI, 72, F AD, 74, F
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AD Signature Cortical Thickness
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MRI Gray Matter Differences
Cognitively Normal vs. AD Dementia
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Functional Imaging
FDG PET
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FDG PET Differences
Cognitively Normal vs. AD Dementia



33 yo, F, cognitively unimpaired: A-T-(N)- profile

Tau TauTau

Amyloid Amyloid AmyloidMR MR MR



75 yo F, amnestic multi domain dementia:  A+T+(N)+ profile
Tau Tau

Tau

Amyloid MR



MCI A+T+N+, 88, F

tau tau

amyloid



Cognitively unimpaired, 67 yo, M:  A+T-(N)- profile

Tau Tau Tau

Amyloid Amyloid AmyloidMR MR MR
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Jack et al: Alzheimer's & Dementia 14(2018)535-562. 
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Jack et al: Alzheimer's & Dementia 14(2018)535-562. 



©2018 MFMER  |  3744869-46

Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Alzheimer’s 
pathologic 

change

Jack et al: Alzheimer's & Dementia 14(2018)535-562. 
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Alzheimer’s 
pathologic 

change

Jack et al: Alzheimer's & Dementia 14(2018)535-562. 

Alzheimer’s 
disease
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Amyloid pathology Tau pathology Neurodegeneration Cognitive impairment

Alzheimer’s 
pathologic 

change

Jack et al: Alzheimer's & Dementia 14(2018)535-562. 

Alzheimer’s 
disease

Alzheimer’s and 
concomitant non 

Alzheimer’s 
pathologic 

change



©2018 MFMER  |  3744869-49
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Outline

• AD Diagnosis past and current
• ATN Framework
• Mayo Clinic Study of Aging
• Biomarkers in the community
• Big picture and future directions
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Mayo Clinic Study of Aging
(U01 AG006786)
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Mayo Clinic Study of Aging
•Population-based study of  6900+
(3200 active) non-demented persons age
30-89 years in Olmsted County, MN
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Mayo Olmsted Study of Aging

2004 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13 ‘14
Sept SeptSept

Grant cycle 1 Grant cycle 2 Grant cycle 3

Sept

‘15 ‘16 ‘17 ‘18 ‘19 ‘20 ‘21 ‘22 ‘23 ‘24

Grant cycle 4

June
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Enrollment and Follow-Up

2012 2013 2014 2015 2017

≥70 Years Old

50-69 Years Old

Enrollment
F-U Cycle 2

F-U Cycle 3

30-49 Years Old
2015 2016 2017

Enrollment

2016

F-U Cycle 2

2004 2006 2008 2010 2012 2014 2016

October
Enrollment

F-U Cycle 2
F-U Cycle 3

F-U Cycle 4
F-U Cycle 5

F-U Cycle 6
F-U Cycle 7

F-U Cycle 8
F-U Cycle 9

2018

2018

F-U Cycle 10-12

2018 2019

F-U Cycle 4

F-U Cycle 6-7
F-U Cycle 5

2019

F-U Cycle 3
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Evaluation

Nurse/SC interview

Participant
Family history

Current medications
Demographic information

Memory & orientation
Medical history &
risk assessment

Neuropsychiatric inventory
Study partner

Clinical dementia rating
Functional

assessment (FAQ)

Consent form

Blood draw

Clinical evaluation

Neurological evaluation

Consensus conference

Neurological history
Short test of mental status
Modified Hachinski scale

Prime MD (physician form)
Neurological examination

and modified UPDRS

Cognitive assessment

Memory
Logical memory (delayed)

Visual reprod (delayed)
AVLT

Executive function
Trails A & B

Digit symbol substitution
Visuospatial

Picture completion
Block design

Language
Boston naming test

Category fluency
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Resources Acquired
• 6000+ non-demented subjects

•80% Cognitively normal
•18%  MCI
• 2% With dementia

• 6000+ quantitative MRI scans
• ~ 6000 DNA samples
• ~ 6000 frozen plasma/serum samples

•plus annual samples
• Clinical and performance measures
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Continuation of MCSA
• Add new subjects to cohort (500?)
• Continue annual clinical follow-ups
• Continue serial MRI/PET scans
• Collect annual plasma/serum
• Collected 1200 CSF’s
• Performed 2800 FDG-PET scans
• Performed 3300 PiB PET scans
• Performed 1200 tau PET scans
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Total Participants Seen in Person by Age and Sex
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Active Participants by Age and Sex
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Outline

• AD Diagnosis past and current
• ATN Framework
• Mayo Clinic Study of Aging
• Biomarkers in the community
• Big picture and future directions
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Biomarkers Across the 
Age Spectrum
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Weighting and standardization of 
frequencies to determine prevalence of 
AD imaging biomarkers 
Rosebud O. Roberts, MBChB; David S. Knopman, MD; Jeremy A. Syrjanen, MS; 
Jeremiah A. Aakre, MPH; Maria Vassilaki, MD, PhD; Walter K. Kremers, PhD; 
Michelle M. Mielke, PhD; Mary M. Machulda, PhD; Jonathan Graff-Radford, MD;
Yonas E. Geda, MD; Prashanthi Vemuri, PhD; Val Lowe, MD; Clifford R. Jack, Jr., 
MD; Ronald C. Petersen, PhD, MD 

Neurology® 2017;89:2039-2048 
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Prevalence of ATN Biomarkers Groups
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Objective

• What are the age- and sex-specific prevalences of the three 
biological markers in the AD research  framework in various 
combinations compared to the clinical syndromic 
conditions associated with AD?
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Prevalence of Biologically vs Clinically Defined 
Alzheimer Disease
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Prevalence of Biological and Clinical AD

• Prevalence of A+T+ exceeds clinical AD at any age

• At age 85, the prevalence of biological AD is 3X 
clinical dementia due to AD

• Most of the differences are due to asymptomatic AD

• Utility: planning of clinical trials
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Outline

• AD Diagnosis past and current
• ATN Framework
• Mayo Clinic Study of Aging
• Biomarkers in the community
• Big picture and future directions
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But, at the end of the day…
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Many Pathologies Increase in 
Prevalence With Age in Addition to AD

• Cerebrovascular disease
• PART
• Lewy body disease
• Hippocampal sclerosis
• TDP 43
• Argyrophillic grains
• Mixed path most common
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Dementia reflects 
multiple pathologies

Nelson: Acta Neuropath, 2011
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Three Broad Mechanisms of CVD

• Small vessel disease related to hypertensive arteriopathy or 
SVD-H 

• Small vessel disease related to cerebral amyloid angiopathy
or SVD-CAA 

• Large (embolic/occlusive) vessel disease or LVD
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Measurements using MRI 
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Petersen, Neurology, 2018, 91: 395-402
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Summary:  Biomarkers and AD

• NIA-AA Research Framework feasible
• Role of biomarkers increasingly important
• Clinical diagnosis remains vital
• But, multiple co-pathologies common
• Work to do
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Thank You
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