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March -  Windows 3.1 released

April - The Great Chicago Flood

May - Jay Leno becomes the new host of NBC's Tonight Show

July - Ex-Soviet Republic of Georgia joins UN

August – Hurricane Andrew hits south Florida

October – Dr. David Bennett and colleagues submit grant for

Religious Orders Study to NIH

Background to Religious Orders Study:
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Year: 1992

Epidemiology – the study of the distribution and determinants of

disease in human populations

Diseases of cognition such as AD are defined clinically

However, it has long been known that the pathology

underlying AD is heterogeneous

Recent studies were beginning to address this heterogeneity by

incorporating neuropathologic indices into epidemiologic studies of

aging and dementia

The overall goal of ROS is to identify risk factors for cognitive

decline and dementia and examine the neurobiologic pathways

linking risk factors to clinical phenotypes
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The Religious Orders Study

• Began enrollment in 1994

• > 1,100 older nuns, priests, and brothers without

known dementia from across the U.S.

• All agreed to annual cognitive and motor testing

• All agreed to brain donation at the time of death

• > 95% follow-up of survivors

• > 350 incident MCI and > 250 incident AD cases

• ~ 95% autopsy rate with > 425 brain autopsies





Religious Orders Study: Participating Sites











Strengths

Large numbers of persons enroll without dementia

Participants comparable in terms of lifestyle factors

Cohort enriched with genetic variants for dementia

High rates of follow-up participation and autopsy

Volunteer cohort permits great depth and breadth of

data collection

Weaknesses

Cohort not representative of older persons in US

Truncated variance of lifestyle factors limits ability to

investigate the relation of these factors to dementia

Geographic dispersion limits clinical and post-mortem

data collection

Strengths and Weaknesses:



The Rush Memory and Aging Project
… because memories should last a

lifetime

• Began enrollment in 1997

• > 1,200 residents from about 40 retirement communities

and senior housing from across the Chicago area

• All agreed to annual cognitive and motor testing, and

blood draw

• All agreed to donate brain, spinal cord, muscle, and nerve

at the time of death

• > 95% follow-up of survivors

• > 250 incident MCI and > 175 incident AD cases

• ~ 85% autopsy rate with > 250 autopsies to date
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• Multiple genetic and environmental factors that

lead to the deposition of amyloid and formation of

neurofibrillary tangles

Clinical AD is a complex function of:



• Multiple genetic and environmental factors that

lead to the deposition of amyloid and formation of

neurofibrillary tangles

• Over time, the accumulation of AD pathology is

accompanied by structural and functional changes

in neural systems that subserve memory and other

cognitive abilities

Clinical AD is a complex function of:



Age

Cognitive function

Neuropathology

Dementia threshold



Concept of Neural Reserve:

• AD pathology accumulates within individual brains

that differ in their capacity to withstand the

deleterious effects that accompany these lesions



Concept of Neural Reserve:

• AD pathology accumulates within individual brains

that differ in their capacity to withstand the

deleterious effects that accompany these lesions

• Imperfect correspondence between amount of AD

pathology and level of cognition



cognitive

impairment

pathology

mild moderate severenone

mild

none

moderate

severe



cognitive

impairment

pathology

mild moderate severenone

mild

none

moderate

severe

Coexisting brain injury

reduces neural reserve



cognitive

impairment

pathology

mild moderate severenone

mild

none

moderate

severe

Brain efficiency or

compensation increases

neural reserve



cognitive

impairment

pathology

mild moderate severenone

mild

none

moderate

severe

Brain efficiency or

compensation increases

neural reserve



 Amyloid

Tangles

NINCDS

Probable

AD
Indices of neural

reserve

Risk

Factors

+/-

Infarcts

Lewy bodies

There are no risk factors for AD

Factors lead to the accumulation of neuropathology and impair the

structure and function of neural systems that subserve cognition
Some factors associated with amyloid and tangles

Others with CVD or LBD

Others with indices of neural reserve

Others are early signs of neuropathology



Bennett DA, et al. Neurology 2002;60:246-253

Apolipoprotein E ε4 allele and AD



Bennett DA, et al. Neurology 2002;60:246-253

Apolipoprotein E ε4 allele and AD



Bennett DA, et al. Arch Neurol 61:378-384



Bennett DA, et al. Arch Neurol 61:378-384



Bennett DA, et al. JNNP 2005;76:1194-1199.



 Amyloid

Tangles

NINCDS

Probable

AD
Indices of neural

reserve

Risk

Factors

+/-

Infarcts

Lewy bodies

There are no risk factors for AD

Factors lead to the accumulation of neuropathology and impair the

structure and function of neural systems that subserve cognition
Some factors associated with amyloid and tangles

Others with CVD or LBD

Others with indices of neural reserve

Others are early signs of neuropathology



Schneider JA, et al. Stroke 2005;36:954-959.



Schneider JA, et al. Stroke 2005;36:954-959.



Path diagram for a

mediation model with

a binary mediator.

Li Y, et al. Stat

Med 2007;

26:3398-414.
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Models control for age, sex, education,

and cerebral infarctions

Religious Order Study

Total  = -0.77 (-1.10, -0.45)

Direct = -0.30 (-0.63,  0.02)

Mediation = -0.46 (-0.66, -0.29)

APOE ε4

AD Pathology

Cognition

α01 β01

τ

Memory and Aging Project

Total  = -0.85 (-1.23, -0.43)

Direct = -0.29 (-0.72,  0.14)

Mediation = -0.56 (-0.85, -0.27)



ApoE ε4  Global Cognition
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Selected Psychosocial and Experiential Factors

• Additive effects

– Distress proneness

– Depressive symptoms

• Interactive effects

– Years of education

– Conscientiousness



Wilson RS, et al. Neurology 2003;61:1479-1485.

Neuroticism (NEO) refers to the disposition to experience psychological distress (e.g.,

I am not a worrier; I often feel tense and jittery; I often get angry at the way people

treat me; I often feel helpless and want someone else to solve my problems).
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Separate linear regression models adjusted for age at death, gender, education,

amyloid load, tangle density, cerebral infarction, and Lewy bodies.

Anxiety was assessed with a 20-item modified version of the Anxiety Trait Scale from

the State-Trait Anxiety Inventory which queries about feelings of anxiety that are

thought to be relatively stable over time (e.g., I feel nervous and restless.).



Wilson RS, et al. Neurology 2002;59:364-370.

Depressive symptoms (CES-D) (e.g., I felt like everything was an effort, I felt

depressed, I felt sad, I could not “get going”).



Wilson RS, et al. Arch Gen Psych 2007;64:1204-12.



Wilson RS, et al. Neurology 2003;61:364-370.



Bennett DA, et al. Am J Geri Psych 2004;12:211-219.



Selected Psychosocial and Experiential Factors

• Additive effects

– Distress proneness

– Depressive symptoms
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An example of the cognitive scores of two older women

(scale: mean = 100, SD = 10, from baseline).

Education plaques  score plaques  score

18 years     0    98.1     18    96.2

15 years     0    96.8     18    82.0

Neuritic plaques have less effect on cognition as educational

level increases

Bennett DA, et al. Neurology 2003;60:1909-1915.
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Conscientiousness (NEO) refers to a tendency to be self-disciplined, scrupulous,

and purposeful (e.g., “I am a productive person who always gets the job done”).
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There are no risk factors for AD

Factors lead to the accumulation of neuropathology and impair the

structure and function of neural systems that subserve cognition
Some factors associated with amyloid and tangles

Others with CVD or LBD

Others with indices of neural reserve

Others are early signs of neuropathology
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