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Overview 

u Moving the curve: how can we achieve prevention? 
u Risk factors that hasten onset and delay onset: how 

much is modifiable? 
u  Life course risk models 
u Who are the most vulnerable? 
u When is the most vulnerable time for some risk factors?  
u Comparison of reserve in two cohort studies 
u Conclusions 
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“Moving the curve” 



Two ways to prevent dementia: 

1.  Reduce accumulation of pathology or remove existing 
pathology; 

and/or 

2.  Decrease vascular risks and increase reserve through non-
pharmacologic means 

We need an approach that incorporates both methods, 
similar to heart disease, where both medications and lifestyle 
changes are used in conjunction 



u  Pathology and reserve are independent and (multiplicatively) 
interacting predictors of incident dementia 

u  Measurement and quantification of reserve presents a major 
challenge 

u  To date, reserve is measured indirectly through early life factors such 
as education, literacy, IQ, occupational characteristics, intracranial 
volume and head circumference.  These don’t change much 
during most of the life span 

u  Dynamic measures of reserve (regional and total brain volumes; 
reaction time) can reflect insults and growth of brain over the life 
span  

u  Reserve is related to early brain development and to adult risk 
factors. Therefore, prevention of dementia/AD can occur through 
maintenance and growth of functional brain tissue throughout the 
life course 

Interaction between reserve and pathology in 
the emergence of clinical symptomatology 



Risk factors that hasten and delay onset 





How much is  
modifiable? 



Recent research shows that modifiable risk factors account for 
about 1/3 of the risk for dementia (incidence) 

Total = 35% 



Life course risk models 
u  Critical period model – produces an adverse outcome that would not 

have occurred if the same exposure had occurred at a different time 
(e.g., fetal exposure to diethylstilbesterol before 11 weeks of gestation 
and adverse reproductive outcomes) 

u  Accumulation of risk model – exposures accumulate across the life span 
to cause damage to a system.  System cannot keep up with damage, 
leading to earlier onset of adverse outcome (e.g., cardiovascular 
disease exposures begin in childhood causing increased stenosis)  

u  Chains of risk model – linked exposures, whereby one exposure’s 
consequences leads to the next exposure (e.g., parental resources/
parental attitudes toward education determine to some degree the 
extent to which an individual engages in cognitively stimulating activities 
throughout their lives, which may increase reserve) 

.  Barker 2004 Phil Transactions of the Royal Society of 
London B. 359:1359-66. 
.  Kannel & Dawber 1972 Journal of Pediatrics 80(4):
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Intrauterine growth 
restriction 
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Insulin resistance 
Dementia 

Exposed to famine during 
gestation in 1st 10 weeks 

gestation 
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BMI at age 59  
Lower general 

cognition (p=0.08)  

Dutch Famine 1944-1947, N=25,283 

IUGR leads to widespread changes in DNA methylation and specific 
“epigenetic signatures” for IUGR are likely to be found in various fetal tissues.  

Scottish Mental Survey 1947, N=249 imaged with MRI 
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u  Who are the most vulnerable with 
regard to modifiable risk factors?  





u  ACT study N=1,740 age 65+ followed 6.2 years in Group Health 
Cooperative, Seattle 

u  Participants scored above 25th %ile on CASI and were followed 
biennially for incident dementia 

u  Exercise frequency: # days/week they performed PA for at least 15 
minutes each session – walking, hiking, bicycling, aerobics, 
swimming, water aerobics, weight training, stretching, other.  If PA 3+ 
times/week à regular exercise 

u  Performance-based physical function: PPF, consisting of 10’ timed 
walk, time to stand from seated position 5X, balance test, grip 
strength. Score ranged 0-16, higher scores better  

 



PPF score ≤ 10 
 “Vulnerable” 

PPF score 11-12 PPF score 13-16 



u  Moderately elevated levels of plasma total homocysteine (tHcy) are 
associated with increased risk of AD, and with increased regional and 
whole brain atrophy 

u  VITACOG trial to lower tHcy by administering high-dose vitamin B (folic 
acid, vitamins B6 and B12) for 24 months in MCI patients 

u  Single-center randomized controlled trial, N=271 age 70+ 
u  Annual brain atrophy was 30% lower in intervention group compared 

with placebo group: 0.76% (95% CI = 0.63-0.90) vs. 1.08% (95% CI = 
0.94-1.22%, p=0.001).  

u  Effect was largest among those with highest baseline tHcy levels 
(atrophy rate 53% lower in intervention group) (4th quartile of tHcy > 13.0 
umol/L) (p for interaction = 0.023) 

u  Atrophy was reduced most significantly only among people with high 
initial tHcy.  



u  Population-based CHAP study, N=2,889 biracial individuals living in 
the community, age 65+ followed 1993-2000, mean = 3.2 yrs 

u  Cognitive change measured by 4 tests at baseline and 3 years 

u  FFQ completed an average of 18 months after baseline 

u  Random-effects models to estimate nutrient effects (vitamin E, C, 
and carotene) on individual change in average score of the 4 tests 

u  36% reduction in rate of cognitive decline among persons in highest 
quintile of total vitamin E intake compared with those in lowest 
quintile in adjusted models  

u  Decline was reduced among those with higher vitamin E intake from 
foods (p=0.03 for trend) 



Conclusions on vulnerable sub-populations 

u   Those who are most “vulnerable” are likely those who 
would benefit most from interventions  

u   However, they are also the most difficult to recruit into 
behavioral interventions 

u   We need to screen our target populations to enroll 
individuals with deficient levels of our intervention, not “all 
comers” 
 



When is the most vulnerable time? 

u Hypertension 

u Obesity/BMI 

u Hormone replacement therapy 



u 18 studies met inclusion criteria 

 
u   “History of hypertension” (n=10) and AD (RR=0.98, 95% CI =0.80-1.19) 

u   + “Hypertension at enrollment” (RR =0.97, 95% CI =0.80-1.16) 

u 10 mm Hg increment in SBP and AD (RR = 0.95, 95% CI =0.91-1.00) 

u 10 mm Hg increment in DBP and AD (RR=0.94, 95% CI =0.85-1.04) 

“of studies with 

with relatively short follow-up times and enrollment of 
participants after age 65” 



u  N = 1,440 Framingham Offspring participants  who were seen in 
1983-7 at mean age 55 and had 5 consecutive quadrennial exams 
until late life (1998-2001 at mean age 69) 18 years follow-up, 107 
developed incident dementia 

u  Blood pressure recorded at each visit 

u  Mid-life hypertension (≥140/90 mm Hg): 

u  Persistent hypertension from mid- to late-life: 

u  Steeper than average decline in BP from mid- to late-life: 

 HR = 1.57 (95% CI  1.05-2.35) 

 HR  = 1.96 (95% CI 1.25-3.09) 

 HR  = 2.40 (95% CI 1.39-4.15) 





Obesity/ 
BMI 

u  Longitudinal studies with at least 2 years follow-up published to Sept 
2014 

u  1,612 abstracts, 21 met inclusion criteria 

u  16 studies on age 65+ (mean age at baseline 69-82); 

u  5 studies on age <65 (mean age at baseline = 42-50.4); 

u  2 studies on both 

u  Total N=62,425, follow-up periods ranged 4-42 years; n=5,303 cases 
of dementia 

u  RR = 1.41 (95% CI = 1.20-1.65) for mid-life obesity 

u  RR = 0.83 (95% CI = 0.74-0.94) for late-life obesity  



Decline in BMI 
precedes dementia 
 onset 

u  N=1,836 Japanese Americans living in King County, WA  

u  Dementia-free in 1992-1994 and followed through Dec 2001 

u  In this analysis, 129 cases of incident dementia were diagnosed by 
DSM-IV criteria 



Hormone 
replacement 
therapy 

u  N=5,504 post-menopausal Kaiser Permanente Medical Care Program 
of Northern CA members who participated in periodic check-ups 
that were part of routine care in SF and Oakland between 1964-1973 
when they were 40-55 yo 

u  Asked if they were taking hormones 

u  Late-life hormone therapy was ascertained 1994-1998 KPNC 
pharmacy databases (vaginal creams excluded) 

u  Dementia diagnoses ascertained through EMR ICD codes 



Comparison of reserve in two cohort studies 

u  We used exploratory factor analysis followed by structural equation 
modeling to identify latent factors related to Alzheimer’s disease, vascular 
disease and reserve in two large population-based cohort studies based in 
Seattle-King County, WA. 

u  Kame Project:  10-year follow-up of N=1,985 Japanese Americans age 65+ 
living in King County, WA  (n=1,212 in current analysis) beginning in 1992. 

u  Adult Changes in Thought Study (ACT): 20-year follow-up of > 5,000 
members age 65+ of Group Health Cooperative HMO (now Kaiser) in 
Seattle, WA (n=3,041 in current analysis) beginning in 1994. 

u  Methodologically standardized using many of the same protocols. 





Statistical Methods 

u  Exploratory Factor Analyses – to discover structure of 
underlying variables in each study.  

u  Those with eigenvalues > 1 were named and used in 
Structural Equation Models (SEM). 

u  Cox proportional hazards models were used to compare 
the strength of the named factors across data sets.  
Models were run with and without APOE.   
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Conclusions  
u  Reserve is an important construct to consider in predicting future risk for 

dementia.  In both cohorts, reserve (measured with only two variables) reduced 
the risk for developing dementia by 24-25%.   

u  Since using only two variables in each cohort to measure reserve does not cover 
the breadth of this construct, we must develop better ways of measuring reserve 
and include it as a major construct in our risk prediction models.  

u  In observational epidemiology, determination of an individual’s risk for dementia 
onset is a function of the rate at which pathologic lesions accumulate, the extent 
to which reserve is built or eroded throughout the life course, and how these 
positive and negative forces interact. 

u  We must consider exposures throughout the life course, and time interventions for 
critical periods of exposure. 

u  We should focus our interventions in vulnerable subpopulations, rather than 
enrolling without considering baseline levels of exposures. 

 




