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What are we learning from 
the precious gift of brain donation from older 

persons?

• Alzheimer’s disease pathology is often mixed with other 
pathologies (mixed pathology)

• Risk factors may work through increasing/decreasing 
pathology.

• Persons without cognitive impairment may have a lot of 
“subclinical” pathology

• There is pathologically unexplained cognitive change and 
risk factors



Auguste D & Alois Alzheimer

• First patient described - 1907 
• 51 year old woman 
• Memory impairment
• Hallucinations, delusions, paranoia
• Agitation
• Disorientation 

• Progression over 5 years
• At end - fetal position, incontinent, 

unresponsive

Picture of Auguste D from: Maurer K, Volk S, Gerbaldo H. Auguste D and 
Alzheimer’s disease. Lancet 1997; 349: 1546-49. 



Autopsy brain examination

• Grossly atrophic
• Microscopic exam:

• Neuronal loss
• Neuritic plaques
• Neurofibrillary 

tangles

Pictures from: The Early Story of Alzheimer’s Disease, Bick K, 
ed. Raven Press, 1987, page 13. and Maurer K, Volk S, 
Gerbaldo H. Auguste D and Alzheimer’s disease. Lancet 
1997; 349: 1546-49, respectively.
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The Religious Orders Study

Began in 1993Enrolls older persons without dementia, annual F/U
• Older nuns, priests, and brothers without known dementia from across the U.S.
• All agreed to annual cognitive testing
• All agreed to brain donation at the time of death

Began in 1997
• Study with similar methods but lay population more reflective of general 

population - from about 40 retirement communities and senior housing 
• All agreed to annual cognitive/motor testing, blood draws
• All agreed to donate brain, spinal cord, muscle, nerve at the time of death
• F/U rates over 90% Autopsy Rates  80%

The Rush Memory and Aging Project 

Both studies on going for 20+ years • >3,000 older persons enrolled 
without [known] dementia from across the USA, over 1500 autopsies



Religious Orders Study Sites
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The pathologies of the aging brain

• NEURODEGENERATIVE
• Alzheimer’s disease 

(plaques/tangle)
• Lewy body disease

• TDP-43 pathology
• Hippocampal sclerosis

• VASCULAR
• Macroinfarcts (strokes)

• Microinfarcts
• CAA
• Atherosclerosis
• Arteriolosclerosis







Mixed brain pathologies common 
in MCI and probable AD

Schneider JA et al. Ann Neurol 2009;66:200–208.



Schneider JA et al.  Neurology 2004;62:1148-1156.

Arvanitakis Z, et.al. Stroke. 2011 Mar;42(3):722-7.



AD pathology – global score



Schneider JA et al. Brain 2012;135:3005-3014

Lewy Bodies  - Pathology first decribed in Parkinson’s 
disease

Lewy body Dementia



TDP-43 new “kid on the block” in 
aging and AD

• Related to amnestic dementia, mimics Alzheimer’s 
Dementia

• Commonly co-occurs with AD and lowers memory
• Strongly related to cognitive decline – especially memory
• Accumulation is associated with hippocampal degeneration 

and ultimately hippocampal sclerosis

ubiquinated protein in FTLD-U and ALS; 414 AA 
nuclear DNA/RNA binding protein; regulates gene 
expression, splicing/stability of RNA transcripts



Wilson et al.  JAMA Neurol. 2013;70(11):1418-1424



Figure 2. Odds ratios for clinical 
Alzheimer’s-type dementia 

~ 900 cases

N= 946 ROS/MAP 
n=398 AD dementia
n= 548 no AD dementia 

496 (52%) with TDP

% of mixed pathologies in 
clinical AD increased 60% to 
over 80% when considering 
TDP -43.



Mixed pathologies published in multiple 
cohorts/populations/groups



NCI MCI Probable AD

AD path diagnosis 42.5% 
153/360

61.2%
166/271

85%
380/447

Pure AD path dx 8.3% 7.4% 3.1%

Mixed AD path + other 
Degenerative + vascular

11.67% 23.62% 47.0%

Kapasi A et al. Acta Neuropathologica 2017

UPDATE ON MIXED PATHOLOGIES INCLUDING NEW FINDINGS



• AD  most common pathology (65%)

• But AD occurred alone < 9%

• AD, TDP-43, and CAA most commonly co-morbid but depending 
on specific combination present in between 22 and 41 persons

• More than 230 combinations of pathology –

• most combinations in less than 20 persons 



Top 10 most specific combinations of pathology
1.  AD only;n=64; 5.9%

2. none of the 9; n=62; 5.8%

3. AD and CAA, n=41; 3.8%

4. AD +CAA+TDP, n=26; 2.4%

5. Gross infarcts, n=24; 2.2%

6. Atherosclerosis, n=22, 2.0%

7. AD +TDP, n= 18, 1.7%

8. TDP43, n= 17; 1.6%

9. AD + atherosclerosis, n=17; 1.6%,

10. Microinfarcts, n=16; 1.5%

236 combinations of pathology!



How much dementia could be averted  by eliminating specific groups 
of pathology?

(Using logistic regression models that include age and pathologies with dementia as outcome)

Pathologic AD - fraction averted 52%*

Lewy bodies, HS, and TDP………36.8%

Infarcts, CAA, athero-, arteriolosclerosis……46.8%

* Cohort specific estimates/ not accounting for other pathologies
**  Note numbers do not add up to 100 since there is inter-relationships between pathologies.



Characteristic Total (n=804) Age 65-89 

(n=503)

Age 90 + 

(n = 301)

P value

Age at death, yrs(SD) 87.7 (6.7) 83.8 (4.8) 94.3 (3.3) <0.001

Dementiaa, no. (%) 304 (37.8%) 143 (28.4%) 161 (53.5%) <0.001

ADc 493 (61.3%) 279 (55.5%) 214 (71.1%) < 0.001

Infarctsd 272 (33.8%) 147 (29.2%) 125 (41.5%) < 0.001

Single path 374 (46.5%) 238 (47.3%) 136 (45.2%) 0.56

Mixed path 225 (28.0%) 113 (22.5%) 112 (37.2%) <0.001

AD + LB 41 (5.1%) 25 (5.0%) 16 (5.3%) 0.83

AD + Infarcts 162 (20.2% 79 (15.7%) 83 (27.6%) <0.001

Pathology and 
dementia 
in the oldest 
old 
(age 90+ vs. <90)

James BD et al., 
JAMA. 2012 May 
2;307(17):1798-
800.



Barnes LL  et al.  Neurology 2015
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BRAIN 
CHANGES
*

Multiple Potential Pathways to Dementia
*Misfolded proteins

amyloid
tau
alpha synuclein
TDP-43

*Vascular Disorders
infarct (stroke)
white matter disease
blood vessel disease

*Other Disorders

Alzheimer’s Dementia
Lewy Body Dementias

Vascular Dementias
Frontotemporal Dementias

Limbic Predominant TDP
Mixed Dementias

Other Cognitive Impairment
Other Dementias

Cognitive Impairment 
Including Dementia

Concept by: 
Julie A. Schneider, MD, MS, Rush University &

Roderick A. Corriveau, PhD, NINDS

Environmental Factors
education
head trauma
toxins/other

Lifestyle Factors
physical activity
diet
drug/alcohol abuse

Genetic Factors

Other Medical Risks
hypertension
obesity
stroke
heart disease
diabetes
metabolic
inflammation
certain infectious diseases
certain medications

Health Disparities Factors

Psychosocial Factors
depression/anxiety

Aging

Sex F>M



Elevated systolic blood 
pressure related to 
infarcts and tangles



Vitamin E in the brain 
related to more vs. less 
amyloid depending on 
the type of tocopherol!
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• Alzheimer’s pathology often mixed with other 
pathologies (mixed pathology)

• Risk factors and genetics may work through increasing 
pathology, resilience or unknown mechanisms.

• Persons without cognitive impairment may have a lot of 
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• There is a lot we still don’t know about the brain changes 
of cognitive decline in aging.



Pathology in those without MCI or dementia

Pathology without cognitive 
impairment…

Lesser amounts of pathology

? Better repair mechanisms

? Less or “better” inflammation

? Compensation via other pathways
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Conclusions

• Alzheimer’s dementia is a complex brain disease with 
many potential therapeutic targets.

• There are a multitude of risk and protective factors.  A 
better understanding of these is important.  For now 
vascular risk factors important to control.

• Persons without cognitive impairment may have a lot of 
“subclinical” pathology.  Important to recognize but also 
opportunity for prevention/treatment.

• Pathologically unexplained cognitive change and related 
risk factors also an opportunity for new prevention and 
treatment strategies.
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