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Neurodegenerative conditions of late life (e.g., 
AD, PD, DLB) involve slowly accruing neuron 
losses that evolve over some years before 
symptoms occur
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Dementia 

Normal cognition 

MCI 

Prodrome 

Chronic disease model (Katzman 1976)

Neuropathologic Hallmarks Of AD:  
Evolution of Neurofibrillary Changes 

Stages I / II
(pre AD)

Stages III / IV
(early AD)

Stages V / VI
(clinical AD)

Neurofibrillary changes
limited to entorhinal and

transentorhinal (TE) regions

Severe involvement of
 TE regions;

moderate changes 
in hippocampus;

mild changes in some
cortical association 

areas

Cortical association areas
severely involved;

only primary sensory
and motor areas spared

Braak & Braak

  Learning and Memory 

Cognitive Abilities Affected by AD 

  Language and Semantic Memory 

  Executive Functions / Attention 

  Visuospatial / Constructional Ability 
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Mild Cognitive Impairment 

  Memory complaint, preferably corroborated by   
   an informant  

  Objective memory impairment                   

  Normal general cognitive function

  Intact activities of daily living

  Not demented

Suggested Criteria

Petersen et al. (2001). Neurology, 56, 1133-42.http://www.aan.com/professionals/practice/guidelines.cfm 

Mild Cognitive Impairment 

Petersen et al. (2014). J Intern Med, 275, 214-28.

Table 1 Clinical characterization of mild cognitive impairment (MCI)

Definitions

Original Mayo

Clinic [6]

Expanded/

Key Symposium

[7, 8] NIA-AA [16] DSM-5 [15]

Criteria

Self- or informant-reported memory complaint x

Self- or informant-reported cognitive complaint x x x

Objective memory impairment x

Objective cognitive impairment x x x

Essentially preserved general cognitive functioning x

Preserved independence in functional abilities x x x x

No dementia x x x x

Core clinical criteria according to major definitions are listed.
NIA-AA, National Institute on Aging-Alzheimer’s Association workgroup; DSM-V, fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders; X: criterion required.

“The construct has evolved…but the core criteria have remained unchanged.” 

Mild Cognitive Impairment 

  Memory complaint corroborated by informant  

  One paragraph of WMS-R Logical Memory II

  MMSE ≥ 24 - 30

  Global Clinical Dementia Rating = 0.5

  Not demented: cognitive/functional abilities are preserved to
    an extent that they do not qualify for a diagnosis of dementia

Representative Example

Petersen et al. (2005). NEJM, 352, 2379-88.
Bateman et al. (2012).  NEJM, 367, 795-804.

Alzheimer’s Disease Neuroimaging Initiative (www.adni-info.org).

MCI criteria incorporating biomarkers

Diagnostic category

Biomarker probability

of AD etiology

Ab

(PET or CSF)

Neuronal injury

(tau, FDG, sMRI)

MCI–core clinical criteria Uninformative Conflicting/indeterminant/untested Conflicting/indeterminant/untested

MCI due to AD—intermediate likelihood Intermediate Positive Untested

Untested Positive

MCI due to AD—high likelihood Highest Positive Positive

MCI—unlikely due to AD Lowest Negative Negative

Abbreviations: AD, Alzheimer’s disease; Ab, amyloid beta peptide; PET, positron emission tomography; CSF, cerebrospinal fluid; FDG, fluorodeoxyglucose;

sMRI, structural magnetic resonance imaging.

MCI Criteria 
Incorporating Biomarkers

Albert et al. (2011). Alz & Dem. 

Ab Ne

(ta

ry

MRI)

Jack et al. (2010). Lancet Neurol.   

Proposed Staging Framework of the Cascade  
Of Events in Preclinical Alzheimer’s Disease Proposed Staging Framework of the Cascade  

Of Events in Preclinical Alzheimer’s Disease 

Jansen et al. (2015). New Engl J Med.   
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Preclinical Alzheimer’s Disease  
Criteria Incorporating Biomarkers 

Sperling et al. (2011). Alz & Dem. 

Preclinical Alzheimer’s Disease  
Criteria Incorporating Biomarkers 

Jack et al. (2012). Ann Neurol. 

Problems with the Temporal Sequence
Of the Amyloid Cascade Model

 Preclinical axonal injury in preclinical fAD (Ryan et al 2013)

 Tau lesions in late-myelinating regions predate amyloid 
change (Braak et al 2011)

 Neurodegenerative biomarker positivity precedes Aβ

 Metabolic abnormalities in ε4+ precede Aβ change (Reiman et al 2009)

  Default network abnormalities in ε4+/PIB- subjects (Sheline et al 2010)

  Aβ is not required to develop neurodegeneration in AD-affected 
regions in cognitively normal older adults (Wirth et al 2013)

  Neurodegenerative biomarker positivity in the face of normal amyloid 
levels in 23% of Jack et al’s (2012) own sample

Preclinical Alzheimer’s Disease  
Criteria Incorporating Biomarkers 

Jack et al. (2012). Ann Neurol. 

23% 

Preclinical Alzheimer’s Disease  
Criteria Incorporating Biomarkers 

Jack et al. (2012). Ann Neurol. Braak & del Tredici (2013). J Alz Dis.   

Stages of AD-Associated Tau Pathology



4

Angevine & Cotman (1981).  Principles of Neuroanatomy. 

Locus Coeruleus in Alzheimer’s Disease

“A traditionally enigmatic reticular nucleus now seen 
as simultaneously influencing in almost all cortical 
areas of the brain.” 

“ three major ascending tracts – the central tegmental tract, dorsal longitudinal 
fasciculus, and medial forebrain bundle – as well as vascular routes to innervate 
the hypothalamus, thalamus, basal telencephalon, and entire isocortex.” 

“In humans, it is pigmented [with neuromelanin], and 
its name means ‘blue place’.” 

“The LC gives rise to a very large number of 
ascending noradrenergic axonal system that 
terminates diffusely over all cortical layers.” 

“Its stimulation inhibits spontaneous neuronal discharge nearly everywhere a  
role of the LC is that it sets ‘brain tone’ and by inhibiting background activity, the 
LC may depress irrelevant stimuli and allow relevant ones to stand out.  Thus, by 
this route, norepinephrine may enhance the signal-to-noise ratio in brain.” 

Efferent projections of the LC 
system in the monkey brain. 

Locus Coeruleus in Alzheimer’s Disease

Keren et al. (2009).  NeuroImage. 

Arendt et al. (2015).  Acta Neuropathol Comm. 

Locus Coeruleus in Alzheimer’s Disease

Aston-Jones & Cohen (2005). 

Adaptive Gain Model of the LC-NE system. 

Locus Coeruleus in Alzheimer’s Disease

Stages of AD Tau Pathology

Braak et al. (2011).  J Neuropath Exp Neurol. 

“ the pathologic process associated with  
sporadic AD commences with intraneuritic  
formation of pretangle material in the lower  
brainstem rather than in the transentorhinal  
region ” 

Stages of AD Tau Pathology

Braak et al. (2011).  J Neuropath Exp Neurol. 
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Braak et al (2011). J Neuropath Exp Path.   

Stages of AD-Associated Tau Pathology Proposed Staging Framework of the Cascade  
Of Events in Preclinical Alzheimer’s Disease 

Jack et al. (2013). Lancet Neurol.   

Anti-Amyloid Trial in Mild to Moderate AD 

Salloway, Sperling et al. (2014). New Engl J Med.   

Anti-Amyloid Trial in Mild to Moderate AD 

Salloway, Sperling et al. (2014). New Engl J Med.   

Anti-Amyloid Trial in Mild to Moderate AD 

Salloway, Sperling et al. (2014). New Engl J Med.   

“Amyloid accumulation probably starts many years before the onset of symptoms, 
and initiation of anti-amyloid treatment only after dementia develops may be too 
late to affect the course of the disease.” 

Liu et al. (2015). Neurology.   

“In spite of evidence of target engagement by bapineuzumab, no clinical benefit 
was evident these finding raise questions about whether bapineuzumab was 
initiated early enough to affect the disease course, the exposure was sufficient, 
or the most pathologic Aβ species were targeted.” 
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The A4 Study: Anti-Amyloid Treatment 
In Asymptomatic Alzheimer’s Disease 

Sperling et al. (2014). Sci Translation Med.   

Secondary prevention trial with solanezumab 

Breitner (2015). Neurology.   

Proposed Staging Framework of the Cascade  
Of Events in Preclinical Alzheimer’s Disease 

Jack et al. (2013). Lancet Neurol.   

Amyloid and Tau Pathology by Age

Braak et al. (2013).  Acta Neuropathol. 
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Comparisons of Biomarkers and 
Cognitive Measures in Predicting Progression 

to Alzheimer’s Disease

Gomar et al. (2011). Arch Gen Psychiatry. Landau et al. (2010). Neurology. 

Comparisons of Biomarkers and 
Cognitive Measures in Predicting Progression 

to Alzheimer’s Disease

Comparisons of Biomarkers and 
Cognitive Measures in Predicting 

Progression to Alzheimer’s Disease

Richard, Schmand, et al. (2013). BMJ Open. 

+1.1% 

-2.2% 

Comparisons of Biomarkers and 
Cognitive Measures in Predicting 

Progression to Alzheimer’s Disease

Jedynak et al. (2012). NeuroImage. 

b

a

ADPS – Alzheimer’s Disease Progression Score 

Proposed Staging Framework of the Cascade  
Of Events in Preclinical Alzheimer’s Disease 

Jack et al. (2013). Lancet Neurol.   

Underlying Neuropathology in MCI 

Jansen et al. (2015). New Engl J Med.   
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Underlying Neuropathology in MCI 

Schneider et al. (2009). Ann Neurol.

Not much difference in underlying neuropathologies 
  - ‘pure’ AD pathology common to both MCI subtypes 
   - other pathologies common to both subtypes as well 

Underlying Neuropathology in MCI 

Schneider et al. (2009). Ann Neurol.

Improving Definitions

Despite increasing sophistication in genetics, imaging 
and biomarkers, concomitant sophistication in profiling 
cognition in MCI is lacking

-  Push for cognitive screening diminishes sensitivity

-  Push for fewer measures diminishes reliability
  -  eg, original ADNI not well suited to assess MCI subtypes

-  Lack of consensus on uniform set of criteria

-  Disparate means by which MCI is diagnosed

- reliance on few measures and clinical judgment

    Comprehensive Neuropsychological Criteria – 
developed in light of multiple pieces of evidence that reflect 
the difficulty of interpreting an isolated impaired score

Jak et al. (2009). Am J Geriatr Psychiatry.

  Multiple measures provide a more reliable estimate of a cognitive 
construct than a single measure (Anastasi & Urbina, 1997) 

  Majority of neurologically normal adults will score in the impaired 
range on at least one measure (median=4/40; Heaton et al. 1999, 2004)  
  26% of the older adults in the standardization sample for the WMS-III 

obtained one or more impaired memory score (>1.5 SDs; Brooks et al 2007)    

  More than 20% of healthy older adults obtain 1 impaired score in 2 
different domains but far fewer (< 5%) earn 2 or more impaired scores 
in the same domain (Palmer et al. 1998)  

  A cutoff score of 1 SD provides the best sensitivity and specificity 
(Busse et al. 2006; Heaton et al. 1999, 2004) 

  More strict (1.5 or 2 SD) cutoffs trade modest gains in specificity for larger losses in 
sensitivity (Taylor & Heaton 2001). 

Defining the Cognitive Impairment of MCI 

Historical Criteria  (Petersen et al. 1999)

Memory on one test (eg, Story A LM II) falls 1.5 SD below published norms

Global cognitive functioning (MMSE) intact (defined as ≥ 24/30); CDR = 0.5

Typical Criteria (Petersen & Morris 2005)

Requires only one test within a cognitive domain falls 1.5 SD below norms

 Comprehensive Neuropsychological Criteria (Jak et al. 2009)

Requires 2 tests in a domain to fall 1.0 SD below norms;                
performance-based complex iADL intact (T-score ≥ 40)

Neuropsychologically-derived operational definition of MCI subtypes:

  Memory (6), exec. function (6), attention (3), visuospatial (3), language (3)

Jak et al. (2009). Am J Geriatr Psychiatry, 17, 368-75.

Defining the Cognitive Impairment of MCI 
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Comprehensive 
Criteria 

Historical 
Criteria 

Typical 
Criteria 

11% 

n = 90 

(2 Tests, 1 SD) (1 Test, 1.5 SDs) (Logical Memory, 1.5 SDs) 

34% 
49% 

Jak et al. (2009). Am J Geriatr Psychiatry, 17, 368-75.

Defining the Cognitive Impairment of MCI Difficulties With Typical MCI Diagnostic Criteria 

Loewenstein et al. (2009). Dem Geriatr Cog Dis. 

Typical Criteria (ie, MCI diagnosis based on 1 test) 

Amnestic MCI 
56% less impaired p

25% unchanged g
19% more impaired 

Non-Amn MCI 
47% less impaired p

24% unchanged g
29% more impaired 

Comprehensive Criteria (ie, MCI dx based on 2+ tests) 

Amnestic MCI 
0% less impaired p

50% unchanged g
50% more impaired 

Non-Amn MCI 
18% less impaired p

55% unchanged g
27% more impaired 

2-3 yrs 

2-3 yrs 

Brain-Based Empirical Support for 
Comprehensive Criteria 

Jak et al. (2009). J Int Neuropsychol Soc.

Brain-Based Empirical Support for 
Comprehensive Criteria 

Jak et al. (2009). J Int Neuropsychol Soc.

Comprehensive Criteria: Amnestic MCI group had  
significantly smaller hippocampal volumes 

Brain-Based Empirical Support for 
Comprehensive Criteria 

Jak et al. (2009). J Int Neuropsychol Soc.

Conventional Criteria: Amnestic MCI group had 
non-significant associations with hippocampal 
volumes 

Statistically Determined
Subtypes of MCI

Evidence for Distinct Cognitive or Biomarker 
Phenotypes of MCI Derived from Cluster Analysis

Cluster analysis groups individuals on the basis of their test scores or 
biomarkers that is not based on (or biased by) artificial cutoffs or 
long-term trajectories.   
 
Individuals are separated into groups such that those within a group 
are as similar to each other as possible and groups are as different 
from each other as possible.    
 
Because cluster analysis is a descriptive approach, discriminant 
function analyses (DFA) are used to quantitatively demonstrate the 
ability of the neuropsychological measures to discriminate the 
clustered subgroups.      
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Statistically Determined
Subtypes of MCI

Clark et al. (2013). JINS.  DFA correctly classified 98% of sample 

Statistically Determined
Subtypes of MCI

Clark et al. (2013). JINS.  

Statistically Determined
Subtypes of MCI

Clark et al. (2013). JINS.  

Statistically Determined
Subtypes of MCI

Clark et al. (2013). JINS.  

Statistically Determined
Subtypes of MCI

Clark et al. (2013). JINS.  DFA correctly classified 92% of sample 

Statistically Determined
Subtypes of MCI

Clark et al. (2013). JINS.  DFA correctly classified 92% of sample 



11

Statistically Determined
Subtypes of MCI

Clark et al. (2013). JINS.  

 Cluster analyses revealed different MCI subtypes 
depending on the MCI definition used  
- Both schemes revealed Amnestic and Mixed subtypes

- Mixed subtype more severely impaired in both schemes  
  (episodic/semantic memory impaired, executive dysfunc) 

- Nearly half cognitively normal via conventional scheme; 
  dx susceptible to false positive diagnostic errors

 Amnestic / Non-Amnestic dichotomy summarily 
combines all non-memory deficits and obscures 
important profile differences; does not adequately 
capture the heterogeneity of MCI.  

Cluster Analyses of MCI participants by 
Conventional ADNI Diagnostic Criteria         

and Neuropsychological Criteria 

Bondi et al. (2014). J Alzheimer Dis. 

Cluster Analysis: ADNI Criteria

 
•  846 MCI participants based on ADNI criteria (304 Normal) 

•  Six measures: 
–  Animal Fluency & Boston Naming Test 
–  Trail Making Test, Parts A & B 
–  Rey Auditory Verbal Learning Test – Recall & Recognition 

•  Cluster analysis of z-scores identified 3 groups: 
–  Amnestic MCI (n = 477) 
–  Dysexecutive MCI (n = 104) 
–  Cluster-Derived Normal (n = 265) 

Bondi et al. (2014). J Alzheimer Dis. Bondi et al. (2014). J Alzheimer Dis. 

Cluster Analysis:     
Neuropsychological Criteria

 
•  401 MCI participants based on NP criteria 

•  Cluster analysis of z-scores identified 3 groups: 
– Amnestic MCI (n = 236) 
–  Impaired Language MCI (n = 86) 
– Dysexecutive/Mixed MCI (n = 79) 

 

Bondi et al. (2014). J Alzheimer Dis. Bondi et al. (2014). J Alzheimer Dis. 
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Conventional           Neuropsychological

Bondi et al. (2014). J Alzheimer Dis. Bondi et al. (2014). J Alzheimer Dis. 

Bondi et al. (2014). J Alzheimer Dis. 

Comparison of Progression Rates

Bondi et al. (2014). J Alzheimer Dis. 

Summary of Findings
 

•  Conventional MCI diagnosis produced a cognitively normal subtype 
(fully 1/3 of the ADNI MCI sample) 
–  Fewer APOE ε4 carriers 
–  Normal levels of CSF β  
–  Fewer who progressed to dementia (4-5 fold less than impaired types) 
–  Were as likely to revert as to progress 

•  Neuropsychological method produced three distinct cognitive 
phenotypes of MCI 
–  CSF AD biomarker associations  
–  More stable diagnoses with negligible reversion 
–  Greater percentages who progress to dementia 
–  No Cluster-Derived Normal subtype 

•  Conventional criteria susceptible to false positive diagnostic errors 
due to its under-reliance on NP performance and over-reliance on 
–  Single impaired test scores 
–  Rating scales (CDR) and screening measures (MMSE) 
–  Subjective ratings of memory complaints 

Bondi et al. (2014). J Alzheimer Dis. 

Conclusions

•  Susceptibility of conventional criteria for MCI to false 
positive errors could have unfortunate consequences  
– prior MCI studies may be diluting important biomarker relationships 

•  Using an actuarial neuropsychological method to 
– circumvent interpreting an isolated impaired score 
– understand the base rates of ‘impaired’ low scores 
– apply cutoffs that optimize classification rates 
– assign less weight to subjective ratings of cognitive impairment 

     will reduce the potential for false positive errors. 
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Subjective Cognitive Complaints: 
Test of Everyday Cognition (ECog)

Edmonds et al. (2014). J Int Neuropsychol Soc. 
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Future Directions

•  Compare neuroimaging substrates of the cluster 
phenotypes of MCI

•  Examine for false negative diagnoses in ADNI

•  Add a 4th domain of visuospatial skills

•  Compare the 2-test per domain method to a 
broader battery with 3 tests per domain

•  Expand methodology to examine preclinical AD 

Amnestic 
(n=173) vs. NC 

Edmonds et al. (under review).

Amneste ic 
(n=17311111711 ) vs. NC N

Neuroimaging Substrates

Edmonds et al. (under review).

Neuroimaging Substrates

Comparison of Diagnostic Methods:
The Possibility of False Negative Diagnoses

All NC and MCI subjects in ADNI database (with the 6 neuropsychological variables) 

Comparison of Diagnostic Methods:
The Possibility of False Negative Diagnoses

CSF P-tau 
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Comparison of Diagnostic Methods:
The Possibility of False Negative Diagnoses

CSF Amyloid 

Expand Diagnostic Methods to 
Operationalize Preclinical Alzheimer’s Disease

Sperling et al. (2011). Alz & Dem. 

Expand Diagnostic Methods to 
Operationalize Preclinical Alzheimer’s Disease

Edmonds et al. (2015). J Alzheimers Dis. 

Expand Diagnostic Methods to 
Operationalize Preclinical Alzheimer’s Disease

Edmonds et al. (2015). J Alzheimers Dis. 

Expand Diagnostic Methods to 
Operationalize Preclinical Alzheimer’s Disease

Edmonds et al. (2015). J Alzheimers Dis. 

Expand Diagnostic Methods to 
Operationalize Preclinical Alzheimer’s Disease

Edmonds et al. (2015). J Alzheimers Dis. 
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Need for Better Recognition of  
Multiple Pathologies in Biomarker Studies 

 Cerebrovascular disorders 
    common in AD: 

  Infarction 

  Atherosclerosis 

  Cerebral amyloid angiopathy 

  Subcortical small vessel disease / WMLs 

 Detecting occult cerebrovascular dysfunction prior 
to observed lesions would represent a major 
advancement in preclinical AD detection 

β β

β

The Two-Hit Vascular Hypothesis
For Alzheimer’s Disease

Zlokovic (2011). Nat Rev Neurosci.   

β β

β

The Two-Hit Vascular Hypothesis
For Alzheimer’s Disease

Zlokovic (2011). Nat Rev Neurosci.   

Current AD 
Biomarker 
Methods 

Vascular 
Biomarker 
Methods 

The Two-Hit Vascular Hypothesis
For Alzheimer’s Disease

Zlokovic (2011). Nat Rev Neurosci.   

β

The Two-Hit Vascular Hypothesis
For Alzheimer’s Disease

Zlokovic (2011). Nat Rev Neurosci.   

β

Appreciating the Vascular Contributions
To AD Neurodegeneration

Nation et al (2013). J Alz Dis.   

5
.
0 

0 

Elevated CVR in AD  

Bangen et al (2014). Alzheimers Dement.   

Nation et al (2015). JAMA Neurology.   

CBF 

Mean Arterial Pressure 

-CVR 

+CVR 

Clark et al (2015). Alz Res Ther.   

Higher MAP is associated with lower CBF in persons 
without dementia. 

Higher PP is associated with amyloid and 
tau in cognitively normal. 
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BBB Breakdown in Normal Aging and MCI

Montagne et al. (2015). Neuron. 

Appreciating the Combination of 
Vascular and AD Pathologies

Iadecola (2013). Neuron.   

Summary: Improving Prediction 
of Outcomes

•  Cognitive markers remain either comparable or  
     better predictors of progression than biomarkers 
•  Neuropsychological approaches to MCI and 

Preclinical AD diagnosis provide a more thorough 
sampling of cognitive domains and ultimately a more 
complete accounting of the validity and reliability of 
diagnoses 

 

•  Need for better integration of multiple markers and 
better recognition of multiple pathologies 

 - e.g., Cognition + AD Biomarkers + Vascular Biomarkers 

Thank You


