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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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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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Staging vs defining 
 guiding principles

• Biomarkers to define the disease
• Amyloid
• Tau

• Biomarkers to stage the disease
• MRI atrophy measures
• FDG PET
• CSF total tau

• Clinical syndromes stage the disease
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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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Biomarker Profiles and Categories
ATN profiles Biomarker category

A-T-N- Normal AD biomarkers

A+T-N- Alzheimer’s pathologic change

Alzheimer’s continuumA+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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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



©2014 MFMER  |  3381421-21

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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Total Participants Seen in Person by Age and Sex
N

um
be

r

     Women
Men

Age, years (baseline visit)
Total: 6,176 (49.4% women, 50.6% men)

N: Age 30-49 = 487; 50-69 = 1,800; 70+ = 3,889 
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Active Participants by Age and Sex
N

um
be

r
     Women

Men

Age, years (current)
Total: 3,089 (49.2% women, 50.8% men)

N: Age 30-49 = 370; 50-69 = 979; 70+ = 1,740 
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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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Population Frequencies 
of Biomarkers in Typical AD
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A+N+
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Age (years)
Jack et al: Lancet Neurol 13:997, 2014
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Jack et al: Lancet Neurol 16:435, 2017

ATN Clinical Features
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Prevalence of ATN Biomarkers Groups
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Jack et al. Lancet Neurology June 2017;16:435-444 
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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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Main Outcomes and Measures: 
age- and sex-specific prevalence 

• Three clinically defined diagnostic entities
• Dementia (DSM IV criteria )
• Dementia or mild cognitive impairment (Petersen, 2004)
• Clinically defined probable Alzheimer disease (McKhann 1984, 
2011)

• Three biologically defined diagnostic entities
• Alzheimer continuum (A+), T could be normal, abnormal, unknown 
• Alzheimer pathologic change (A+T-)
• Alzheimer disease (A+T+) 
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Prevalence of Biologically vs Clinically Defined 
Alzheimer Disease
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Clinical Stuff
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Clinical Spectra for AD
(Alzheimer’s Clinical Syndrome)

Syndromes

Stages for 
amyloid 
positive

Cognitively
unimpaired

Mild cognitive 
impairment Dementia

1 3 62 54
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Clinical Stages

• Stage 1
• Performance in expected range
• No report of decline
• No change by partner or longitudinal test

• Stage 2
• Performance in expected range
• Transitional cognitive decline

• Subjective cognitive decline or
• Documented evidence of decline or
• Subjective plus objective decline
• Neurobehavioral symptoms
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Clinical Stages

• Stage 3
• Performance in impaired range 
• Decline from baseline

• Individual report or
• Observer’s report or
• Longitudinal change

• Any domain
• ADL’s independent but may be less efficient
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Clinical Stages

• Stage 4
• Mild dementia

• Stage 5
• Moderate dementia

• Stage 6
• Severe dementia
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Operationalizing Stage 2

• 4 measures
• Subjective Cognitive Decline (SCD)

• Everyday Cognition (Ecog)
• Objective Cognitive Measure (OBJ)

• Memory and attention z scores
• Neurobehavioral Symptoms (NBS)

• Beck Depression Inventory
• Function (FXN)

• Functional Activities Scale (FAQ)
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 Stage 1 Stage 2 Stage 3 Stage 4

Cross-sect
ional

OBJ
Memory and 

attention z-score > 
-1.1

Memory and 
attention z-score > 

-1.1

Memory and 
attention z-score ≤ 

-1.1

Memory and 
attention z-score ≤ 

-1.1

FXN FAQ = 0 FAQ = 0 FAQ 0-5 FAQ ≥ 6 

Change

SCD ECog < 3 by 
subject report

ECog ≥ 3 with 
concern by 

subject report

ECog ≥ 3 with 
concern by 
subject or 

informant report

ECog ≥ 3 with 
concern by 
subject or 

informant report

OBJ
∆memory and 
∆attention > 

-0.2/yr

∆memory and 
∆attention ≤ 

-0.2/yr

∆memory and 
∆attention ≤ 

-0.2/yr

∆memory and 
∆attention ≤ 

-0.2/yr

NBS BDI 0- 12 BDI ≥ 13 BDI ≥ 13 BDI ≥ 13

Preliminary operationalization of the NIA-AA numeric clinical staging scheme

Abbreviations: ECog = Everyday Cognition; BDI = Beck Depression Inventory; FAQ = Functional Activities Questionnaire 
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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


