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Evidence that Alzheimer’s is a 
Life-Long Disease. The Role of 

Resilience in Preserving 
Cognition 



 
1.    Alzheimer’s disease is a life-long illness with   
      early adult (pre-clinical) as well as late adult   
      (clinical) signs. 
   
2.    Reserve (resilience) plays an important role 
      in its expression, in both early adult life (on  
      educational attainment) as well as later adult life  
      (on the risk of dementia). 

Main Points 





Alzheimer’s disease is a life-long illness. 
 



Evidence 

q   Earliest neuropathologic AD lesions seen in the  
     twenties (Braak and Braak, 1997) 

q   Earliest detectable “cognitive” signs of Alzheimer’s 
     are seen in the late teens and early 20’s (The Nun  
     Study) 
 
q The major susceptibility allele for AD, APOE-e4, has 
been shown to affect specific brain volumes as early as 1 
year of life. 
 
 



Frequency of Early Stages of Alzheimer’s Disease in 
a Large Autopsy Sample.  Braak and Braak, 
Neurobiology of Aging, 1997 



Journal of the American Medical Association, 1996 





Autobiography 

q    Written at an average age of 22  

q   Instructions: “Write a short sketch of your 
own life.  This account should not contain more 
than two to three hundred words and should be 
written on a single sheet of paper. …Include 
place of birth, parentage, interesting and 
edifying events of your childhood, schools 
attended, influences that led to the convent, 
religious life, and its outstanding events.” 



q    Measure of semantic content of essay 

q    Average number of ideas expressed per     
      10 words     

Idea Density 
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Prediction of Alzheimer’s Disease in late life from 
characteristics of autobiographical essays written 
at a mean age of 22. Snowdon et al., JAMA, 1996 





What might underlie these findings of very early expression of  
AD in childhood and adult life?   
 



Is the presence of APOE-e4 related  
to low idea density in the Nuns? 

  Independent Variable   OR  (95% CI) 

APOE-e4 2.24 (1.12-4.45) 

Age at writing 1.14 (1.04-1.25) 

Education at writing 0.39 (0.21-0.72) 

Grammatical complexity 0.88 (0.68-1.13) 

  Logistic regression:   
     Dependent variable = lowest tertile of idea density 
     vs. higher two tertiles of idea density. 

N= 207; 57 e4 carriers; 150 e4 non-carriers 



Does adding the APOE-e4 genotype to idea density in a logistic 
model for neuropathologic AD at autopsy markedly reduce the 
association between idea density and neuropathologic AD? 
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Neuropathologic AD as 
outcome* 

*Adjusted for age and education at time of writing, age at death, and grammatical complexity. 



Does idea density predict dementia and neuropathologic AD 
in individuals not carrying an e4 allele.? 
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N= 150 individuals not carrying an e4 allele 



Conclusions 

1.  Individuals carrying an e4 allele are more than twice as likely 
     to have low idea density at an average age of 22 compared to 
     non-carriers of this allele. 

2.  Low idea density is associated with an increased risk of both 
      dementia and neuropathologic AD independent of APOE  
      genotype. 

3.  Idea density may be related to genes associated with AD  
       neuropathology, including (but not restricted to) APOE. 
 



Participants: All twins in the Swedish Twin Registry 
aged 65 years or older.  The study included 11,884 
twin pairs, among whom were 393 pairs in which one 
or both members had AD 
 
 
Main finding:  Heritability of AD = 0.79 (0.67-0.88) in best- 
fitting model (21% due to non-shared environmental factors).    



Individuals can satisfy neuropathological 
criteria for AD at autopsy and never 
have been demented or even memory-
impaired. 

Borenstein and Mortimer, 2016  



q  Suggests that there are factors that modify clinical 
expression of  the pathology of Alzheimer’s disease.  
 
q   The presence of pathology meeting Reagan criteria in 
the absence of dementia implies the presence of resilience. 



 
q  Resilience requires an interaction between pathology 
     and some protective factor, i.e., individuals without 
     substantial AD pathology cannot be resilient in the 
     face of this illness. 
 
q  Reserve does not require pathology.  Individuals can 
     have differing amounts of reserve in the absence of 
     substantial AD pathology. 
 

Resilience vs. Reserve 



Two Sets of Risk Factors for Dementia 

q  Risk factors for pathology of AD 

q  Risk factors for the clinical expression of AD in those with 
     pathology 



Two factors that have been shown in multiple 
studies to influence the clinical expression of 
dementia are attained education and the size 
of the fully developed brain. 
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Larger Head Circumference Determines Risk  
of Expressing Dementia in Late Life 

Large head circumferance 
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The Nun Study: Effects of Head Circumference 
 and Education on the Expression of Dementia 

Mortimer, Snowdon and Markesbery, 2003 





Evidence that reserve plays a role in expression 
of a latent Alzheimer’s disease process in early 
adulthood. 







 
q  Largely rural population with low education. 

q  The mean age of the 600 participants was 73.7 (0.26) years, range 65 
to 94. 

q  Level of education differed among e4 carriers and noncarriers: 
     educational attainment (diploma from primary school (up to age 11) 
     or higher) was much higher among e4 non-carriers (77%, 362/470) 
     than among e4 carriers (58%, 76/130) (odds ratio, 2.38; 95%       
     confidence interval, 1.55 to 3.66; p < 0.0001).  This effect was  
     independent of age (possible survival bias) and sex. 



How Important is Reserve in the Expression of Late Life 
Alzheimer’s disease? 

q  To address this question, we used data from two large 
longitudinal clinicopathological studies in which both 
Alzheimer’s and vascular pathology could be quantified 
and compared to the final cognitive state before death.  

q  We used structural equation modeling based on 
exploratory factor analyses to assess the roles of 
specific pathologies and a latent factor related to 
education and brain volume in predicting dementia at 
the time of death. 

 



 
      Data for these analyses come from two large population-
based clinicopathologic studies, the Nun Study, in which 
Catholic sisters initially aged 75 or above were followed to 
autopsy with annual assessments of cognition and dementia 
(n=464), and the Adult Changes in Thought (ACT) study, in 
which members of the Group Health Cooperative in Seattle, 
Washington initially aged 65 or above were assessed 
annually and a portion autopsied (n=528). 

Methods 















The SAS System	The SAS System	

Parameter Estimates	

Variable	 Label	 DF	 Parameter 
Estimate	

Standard 
Error	

t Value	 Pr > |t|	

Intercept	 Intercept	 1	 -438.90956	 302.39012	 -1.45	 0.1485	

Alzlatent	  	 1	 -7.06060	 5.34160	 -1.32	 0.1880	

Vasclatent	  	 1	 2.11618	 5.70880	 0.37	 0.7113	

AgeDeath	  	 1	 -1.77764	 1.52854	 -1.16	 0.2465	

headcirc	 HeadCirc: 
mean head 
circumference 
of up to 3 
measurements	

1	 31.50996	 4.87830	 6.46	 <.0001	

The REG Procedure 

Dependent Variable: BRAINWT BrainWT: Intact brain weight (grams & without leptomeninges) 

 



 
q  Reserve played a significant role in both studies in reducing dementia 
     risk.  However, the strength of the association was greater in the Nun 
     Study (b=-0.72, p <0.001) than in ACT (b=-0.24, p=0.025). 
 
q  In both studies, the severity of Alzheimer lesions was more strongly 
     associated with dementia than the severity of vascular lesions. 
 
q  Brain weight at autopsy was a better reflection of initial brain volume 
     (related to TCV) than of atrophy occurring as a result of Alzheimer 
     or vascular lesions. 
 
q  Individuals with larger brains and those with more education appear to 
     be very significantly protected against dementia.  These data provide a  
     potential explanation for the large proportion of people meeting 
     strict neuropathological criteria for AD who remain non-demented 
     at the times of their deaths. 

Conclusions 




