
Neuropathology
vs

Neuromythology* Pete Nelson

*-Thanks and apologies to Dr William Landau



“I am delighted with your critical piece, 
but distressed and dismayed at your 
diffidence. Like God [Sic!], every 
neuropathologist is entitled to the last 
word, ex officio”

--Dr William Landau, MD 
Washington University



What is 
Alzheimer’s disease ?



What is Alzheimer’s disease ?

Cognitive impairment

Neurofibrillary tangles

Neuritic amyloid plaques

Clinical

Pathological

NIA-Reagan Criteria (1997-2012)     





Cognitive impairment

Neurofibrillary tangles

Neuritic amyloid plaques

A amyloid plaques

Clinical

Pathological

NIA-AA Criteria (2012  )     

What is Alzheimer’s disease ?



“B” (BRAAK): 
NEURO-

FIBRILLARY 
TANGLE

“C” (CERAD): NEURITIC 
AMYLOID PLAQUE

“A”: A PLAQUES

AD neuropathologic
hallmarks



“B” (BRAAK): 
NEURO-

FIBRILLARY 
TANGLE

“C” (CERAD): NEURITIC 
AMYLOID PLAQUE

“A”: A PLAQUES

T Montine et al, Acta NP 2012





Recent years have 
seen dramatic 
advancements

A central role for
ADCs and NACC
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Better data
more valid 

conclusions



ADCs and related series: 
a new standard

• Longitudinal assessment
• Improving clinical & neurocognitive evaluation
• Improving pathological evaluation (new diseases!)
• More variables, more quantitative correlation



ADCs and related series: 
a new standard

• Longitudinal assessment
• Improving clinical & neurocognitive evaluation
• Improving pathological evaluation (new diseases!)
• More variables, more quantitative correlation

Allow us to start leaving behind studies with:
• Overly interpreted under-evaluated patients
• Fewer variables, over-dichotomization
• “The Anecdote”



Neuropathology
vs

Neuromythology



Myth Roundup
1. Clinicians are 90% specific in AD diagnosis
2. Plaques and tangles don’t correlate with dementia

A. End-stage AD pathology can be seen in
cognitively normal individuals

B. There is dissociation between AD 
pathology and cognitive impairment 
in “advanced old age”

C. AD is just “brain aging”, and vice versa



Myth #1

1. Clinicians are 90% specific in AD diagnosis



Myth #1A

1. Clinicians are 90% specific in AD diagnosis

Corollary myth:
There is only one disease that causes

cognitive impairment in the elderly



Alagille Syndrome
Alcohol-Related Liver Disease
Alpha-1 Antitrypsin Deficiency
Autoimmune Hepatitis
Benign Liver Tumors
Biliary Atresia
Cirrhosis of unknown cause
Galactosemia
Gilbert Syndrome
Hemochromatosis
Hepatitis A-->E
Hepatocellular Carcinoma
Liver Cysts
Liver Cancer
Liver Transplant
Non-Alcoholic Fatty Liver Disease
Primary Biliary Cirrhosis (PBC)
Primary Sclerosing Cholangitis (PSC)
Reye Syndrome
Type I Glycogen Storage Disease
Wilson Disease

LIVER 
DISEASE !!!!
(lots of em)



Meta-analysis of clinical (no-autopsy) studies: positive association between
“Alzheimer’s disease“ and diabetes

>20,000 
individuals

P<<0.001



Studies with brain autopsies show
the opposite result

Nelson et al,
Acta Neuropathologica,  2011



Diabetes is associated with
increased cerebrovascular disease,

not AD, pathology (N>1,600)

Studies with brain autopsies show
the opposite result

Acta Neuropathologica,  2011





“There was a discrepancy rate of 26% between premortem
clinical diagnoses and postmortem findings in cancer 
patients…”  (26% had major missed diagnoses)

• 54% of autopsies revealed a new diagnosis with 
potential adverse impact on survival

Crit Care. 2007;11(2):R48.
Premortem clinical diagnoses and postmortem autopsy 
findings: discrepancies in critically ill cancer patients.
Pastores SM, Dulu A, Voigt L, Raoof N, Alicea M, Halpern NA.



JAMA. 2003 Jun 4;289(21):2849-56.
Changes in rates of autopsy-detected diagnostic 
errors over time: a systematic review. 
Shojania KG, Burton EC, McDonald KM, Goldman L.

(based on systematic review of autopsy series) 

“A contemporary US institution could observe a 
major error (clinically MISSED diagnoses 
involving a ‘primary cause of death’) rate from 
8.4% to 24.4%”



Myth #2

2. Plaques and tangles don’t correlate with 
cognitive impairment



AREN’T
WE IN THE

POST-
PLAQUE & TANGLE

ERA  ???????



Plaques
Cognitive
Impairment

Tangles/
tauopathy

(Hypothesis)
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High blood Coronary Heart 
Cholesterol atherosclerosis Attack



Plaques
Cognitive
Impairment

Tangles/
tauopathy

(Hypothesis)

High blood Coronary Heart 
Cholesterol atherosclerosis Attack

Correlation very poor



Plaques
Cognitive
Impairment

Tangles/
tauopathy

(Hypothesis)

High blood Coronary Heart 
Cholesterol atherosclerosis Attack

Correlation much better

Proximal Cause



Plaques
Cognitive
Impairment

Tangles/
tauopathy

(Hypothesis)

Hypothesized
Proximal Cause



NACC
NUN
STUDY

GCS

UK-ADC

Clinical-pathological studies: incredibly rich resources with
replete antemortem data and thorough autopsy information

N~5000
N~500

N~500

N=51
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Brain pathology correlates strongly with 
the severity of cognitive impairment

MMSE scores
within 1 year
of death
(UK-ADC)

PT Nelson, H Braak, and WR Markesbery, JNEN 2009



Brain pathology correlates strongly with 
the severity of cognitive impairment

(Nun Study)

GA Jicha et al, 2011, Neurobiol Aging



Nelson PT et al, 
JNEN 2012

Best correlate with cognitive status: 
Neocortical NFTs



Myth #2A
2. Plaques and tangles don’t correlate with 

cognitive impairment

Corollary Myth 
End-stage AD pathology can be seen in

cognitively normal individuals



PT Nelson, H Braak, and 
WR Markesbery, 
JNEN 2009

10 good studies
+1 case report
555 
nondemented
Individuals

12 Braak stage V
3 Braak stage VI

2.7% with “AD path”



2.7% of patients thought to be 
“nondemented” show Braak
stages V (12/555) or VI (3/555)







Post‐operative MRI following glioma resection 
Post‐operative MMSE score = 30/30

“Cognitive 
Reserve”
is NOT 
a myth



Epidemiology Neuropathology
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PT Nelson, H Braak, and WR Markesbery, JNEN 2009

THEORETICAL
PREDICTIVE
MODEL OF AD PATHOLOGY



PT Nelson, H Braak, and WR Markesbery, JNEN 2009

EXPECTED AND ACTUAL
OBSERVATIONS OF AD 
PATHOLOGY MATCH WELL



Are there “cognitively intact” 
patients with true“end-
stage” type (SEVERE 
Braak stage VI) neocortical 
neurofibrillary pathology?



PT Nelson, H Braak, and 
WR Markesbery, 
JNEN 2009

There is heterogeneity among “Braak stage VI” cases 
with the “high cognitive function” cases corresponding
to the lower numbers of neocortical NFTs
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E Abner et al, JAD, 2011
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Nelson et al
JNEN 2009



Case report:
Patient  <=20th

%ile on three 
separate
cognitive tests
prior to death





Plaques
Cognitive
ImpairmentTangles

Plaques and Tangles in Alzheimer’s disease: 
Clinicopathological correlation studies are 

compatible with the hypothesis that these lesions 
contribute to cognitive impairment



Plaques
Cognitive
ImpairmentTangles

Plaques and Tangles in Alzheimer’s disease: 
Clinicopathological correlation studies are 

compatible with the hypothesis that these lesions 
contribute to cognitive impairment

JNEN, 2012



Myth roundup

2. Plaques and tangles don’t correlate with 
cognitive impairment



Myth #2B
2. Plaques and tangles don’t correlate with 

cognitive impairment

Corollary Myth
There is dissociation between AD

pathology and cognitive 
impairment in “advanced old age”



Acta 
Neuropathologica,
2011

An important 
and topical 
issue!! 

\

Source: U. S. Census Bureau



In advanced old age… 
(individuals beyond 90 years old)





AGE 75

AGE 72



AGE 95

AGE 72 AGE 94

AGE 75



1.…some cognitive impairment is usual;
2.…mild/moderate hippocampal tangles is 

universal (and is NOT AD);
3.…other high-morbidity pathologies occur with 

prevalence that approximates AD prevalence.

In advanced old age… 
(individuals beyond 90 years old)



“F-minus” by Tony Carrillo



“F-minus” by Tony Carrillo

Red inflamed toe does not necessarily = allergy



Where did I put my 
car keys?

Apologies to “F-minus” by Tony Carrillo



Where did I put my 
car keys?

Apologies to “F-minus” by Tony Carrillo



“F-minus” by Tony Carrillo

Hippocampal NFTs does not necessarily = AD



T Montine  et al, Acta Neuropathologica, 2012

Tangles and no plaques is not AD 



…possible dissociation between AD
pathology and cognitive impairment in 
“very old persons”

Savva et al (NEJM 2009):



>90 year olds:
-Difficulty dichotomizing “dementia”
-Poor correlation between plaques and dementia
-Hippocampal NFTs without AD (or overt dementia)
-Non-AD pathologies that cause dementia

Savva et al (NEJM 2009):



1.…some cognitive impairment is usual;
2.…mild/moderate hippocampal tangles is 

nearly universal (and is NOT AD).
3.…other high-morbidity pathologies occur with 

prevalence that approximates AD prevalence.

In advanced old age… 



1.…some cognitive impairment is usual;
2.…mild/moderate hippocampal tangles is 

nearly universal (and is NOT AD).
3.…other high-morbidity pathologies occur with 

prevalence that approximates AD prevalence.
4.HOWEVER, advanced AD pathology 

(neocortical plaques+tangles) still always 
correlates with cognitive impairment

In advanced old age… 



Myth #2C
1. Plaques and tangles don’t correlate with 

cognitive impairment

Corollary Myth
AD is just “brain aging”, and vice versa
(everyone gets AD if they live long enough)
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Mean Age at death:
102.2 +/- 2.5yrs

N=52

Centenarians

CERAD
Plaque Densities



Mean Age at death:
102.2 +/- 2.5yrs

N=52

Not 
everyone 

gets 
AD

Centenarians

CERAD
Plaque Densities



Braak H, et al, 
J Neuropathol Exp Neurol. 2011

Other large 
datasets agree:

It is by no means inevitable 
for centenarians to get AD



Braak H, et al, 
J Neuropathol Exp Neurol. 2011

Other large 
datasets agree:

It is by no means inevitable 
for centenarians to get AD

 Tangles 

 Plaques



Genetics



Genetics

Aging

AD



Genetics

Aging

AD
?



Accelerated 
aging syndromes

Werner syndrome

Hutchinson-Gilford 
progeria syndrome

Cockayne syndrome

Trichothiodystrophy

Progerias, human diseases with “accelerated aging”: 



Accelerated 
aging syndromes

Werner syndrome

Hutchinson-Gilford 
progeria syndrome

Cockayne syndrome

Trichothiodystrophy

Progerias, human diseases with “accelerated aging”: 
Any increase in AD pathology?



Accelerated 
aging syndrome

Increase of AD 
pathology?

Werner syndrome No

Hutchinson-Gilford 
progeria syndrome No

Cockayne syndrome No
Trichothiodystrophy No

Progerias, human diseases with “accelerated aging”: 
No established increase in AD pathology



Genetics

AD
Specific
(non-Aging!)
Pathway(s)



5-month old with
Down Syndrome

(thanks to 
Dr. Elizabeth Head)

PT Nelson et al, Acta Neuropathologica, 2011

The disease of
plaques and 
tangles (AD)
begins at young
age among
individuals with
high genetic
risk







Scott Adams’s
“Dilbert”



Could you detect a clinico-pathological relationship in heart disease
if testing the correlation of atherosclerosis and cardiac health?

Thought experiment:

“Clean sample”



Cardiac 
Function

Amount of atherosclerosis

Clean sample – good correlation



“Dirty sample”



Cardiac 
Function

Amount of atherosclerosis

Clean sample – good correlation



Cardiac 
Function

Amount of atherosclerosis

Dirty sample – poor correlation



Group I: No cortical LBs,
AGD, HS, infarcts, or FTD
(n=134)
Group II: One subtype of
non-AD pathology (n=180)

Group II: Two subtypes of
non-AD pathology (n=71) 

Group II: >2 subtypes of
non-AD pathology (n=5)

Number of Group II patients with 
each subtype of non-AD pathology
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~2/3rd of UK ADC cohort
have important

non-AD pathology



Key point:

In advanced old age, it
is the norm for human brains

to exhibit impactful, 
non-Alzheimer’s

pathology



Scott Adams’s
“Dilbert”



HIPPOCAMPAL SCLEROSIS – WHAT IS IT?

HS‐ipsilateral HS‐contralateral

HS‐contralateral
Anti‐phosphoTDP‐43

Cell death and gliosis in
hippocampus

Probably not related to AD

Aberrant TDP‐43 usually 

No biomarker or specific
clinical feature

Definite cognitive impact

Autopsy diagnosis required



In extreme old age, AD 
pathology 
becomes LESS prevalent

Hippocampal sclerosis 
pathology
becomes MORE prevalent

Acta Neuropathologica,  2011
Brain, 2011



0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

75-80 80-85 85-90 90-95 95-99 >100Pr
op

or
tio

n 
of

 In
di

vid
ua

ls 
wi

th
 P

ah
to

lo
gy

Age at Death

Pathology by age at death:
Nun Study (N=526); med age>90y.o.

HS-Aging

AD (Braak >III)



Bilateral
60%Unilateral-

Left
25%

Unilateral-
Right
15%

HS-Aging
(N=106): 
Laterality 



A large 
proportion of

MRI-visualized 
hippocampal 

atrophy
is NOT AD!



In old age, 
cerebrovascular
pathology
becomes MORE prevalent
& practically ubiquitous

(although AD pathology 
becomes LESS prevalent)

Acta Neuropathologica,  2011
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Additional pathologies 
in advanced old age
require an overhaul of 
prior assumptions



Acta Neuropathologica,  2011

In advanced old age, 
non-AD diseases
underlie much of 
clinical dementia

“Classic” clin-path
studies addressed
much younger 
cohorts.



AD is not “brain aging”; there are abundant
evidences for a specific plaque+tangle 
disease with strong genetic contribution

Density of neocortical tangles correlates
strongly with cognitive impairment

No “dissociation” between AD pathology and
cognitive impairment

Many diseases in aged human brains



1. Neuropathology (NP) is complicated

2. Consideration of NP necessary to optimize 
management of
-patients, clinical trials, biomarkers, animal 
models, etc

3. NP has become more, not less, relevant 
and important

Conclusions



Obvious fact:



Obvious fact:

We’re not done yet



UK-ADC Neuropathology Core



Erin Abner, MPH

Fred Schmitt, PhD

Dick Kryscio, PhD

Greg Jicha, MD PhD

Linda Van Eldik, PhD



Thanks

Dr. William Markesbery

NIH/NIA Pilot Grant
NIH/NINDS K08 Grant
NIH/NINDS R01 Grant
NIH/NIA R21 Grant
NIH/NIA  ADC NP Core P30 Grant

Alzheimer’s Association NIR Grant



Editorial comment:



Editorial comment:
Autopsy diagnosis

is the gold standard for
neurodegenerative

disease diagnosis and severity


