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I N S TITUTE FOR THE STU DY OF AGING 
The Institute for the Study of Aging, Inc., is a private, nonprofit foundation based in New York City.
The Institute is one of the largest private sources of philanthropic funding for drug discovery and drug
development in cognitive aging and Alzheimer’s disease in the United States and internationally.

The mission of the Institute is to promote quality of life in old age. As cognitive impairment is the most
significant threat to successful aging, the Institute’s primary focus is to facilitate and promote the dis-
covery and development of new therapies to treat the aging-related problems of cognitive decline and,
specifically, Alzheimer’s disease. Through the sponsorship of research conferences and workshops, the
Institute is dedicated to finding ways to promote “cognitive vitality” with aging.

I NT ER NATI O NAL LO N G EV ITY CENT ER – U S A
The International Longevity Center—USA is a not-for-profit, nonpartisan research, policy, and
education organization whose mission is to help societies address the issues of population aging 
and longevity in positive and constructive ways and to highlight older people’s productivity and
contributions to their families and society as a whole.

The organization is part of a multinational research, policy, and education consortium with centers 
in the United States, Japan, Great Britain, France, and the Dominican Republic. These centers work
both autonomously and collaboratively to study the impact of increased life expectancy and higher
proportions of older people on nations around the world.

CA N YON RANCH HEALTH RES O RT
C a nyon Ra n ch Health Resort ,l o cated in Tu c s on ,A ri zona and Le n ox , M a s s a chusetts sponsors work s h o p s
on nutri t i on , f i t n e s s , h e a l t h , and lon g ev i ty as part of a com p re h e n s i ve appro a ch to well n e s s . The re s o rt
o f fers a wide array of services provided by nutri t i on , f i t n e s s , m e d i ca l , b e h a v i o ra l , and spiritual expert s .

NATI O NAL INSTITUTE ON AG I N G
In 1974, Congress established the National Institute on Aging (NIA), whose mission is to provide
leadership in aging research, training, health information dissemination, and other programs relevant
to aging and the elderly and, in doing so, to improve the health and well-being of older Americans.
As one of the 25 institutes and centers of the National Institutes of Health, the NIA leads a broad
scientific effort to understand the nature of aging and to extend the healthy, active years of life.

The ideas, c on cl u s i on s , and re c om m e n d a t i ons herein are solely those of the authors, the 
International Longevity Center, and the Institute for the Study of Aging and not those of 
the National Institute on Aging.
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P r e fa c e

P
e rhaps the greatest fear of old age is
losing one’s mind. Cognitive function
affects a person’s ability to interact
and enjoy life. Loss of the mind may
translate into an inability to even

re c o g n i ze on e’s loved on e s . Fo rt u n a t e ly, t h e
results of recent cl i n i cal work and re s e a rch
insights are increasing our ability to influence
mental health status in aging.

The “l on g ev i ty rev o l u t i on” has increased 
our focus on many aspects of health in aging,
including cognitive health. Cognitive vitality in
old age has become an incre a s i n g ly import a n t
health ca re go a l . Although many older individuals
are enjoying optimal aging, a substantial 
number of them still face their later years with 
serious decrements in cognitive function. These
d e c rements can significa n t ly affect quality 
of life.1 And when cognitive decline progresses
to dementia, the problem becomes far more
s e ri o u s . A l z h e i m e r’s disease (AD), the most
common cause of dementia, has a devastating
impact on individuals and society.

Our focus on achieving cognitive vitality is a
re l a t i ve ly new conceptual appro a ch made
possible by new knowledge gained during the
past decades from research on cognitive aging
and AD. Now, we more clearly understand the
distinctions between normal cognitive aging and
diseases of cognition in old age. Research has 

also resulted in many new preve n t i ve and
t h e rapeutic strategies for AD, and the possibility
of new therapies and life s tyle interve n t i on s
allows us to imagine that cognitive vitality in old
age is an achievable goal. Now, we understand
enough about risk factors for dementia to begin
to design, t e s t , and implement preve n t i ve stra t e g i e s
in cl i n i cal pra c t i c e . This new knowledge makes 
it possible to begin to focus on the prevention
of cognitive decline and the maintenance of
cognitive vitality in older persons.

Ach i eving and maintaining cognitive vitality
with (indeed, despite) aging has been a concern
we have shared for some years.2 Educating the
public about the promotion and protection of
cognitive health is an important goal. It requires
assessment and re d u c t i on of risk factors 
for c o g n i t i ve decl i n e . This focus on cognitive
v i t a l i ty marks an expansion beyond traditional
re c om m e n d a t i ons of health prom o t i on and
disease prevention, as we believe mental and
phys i cal health can be maintained and p rom o t e d .
We want to emph a s i ze that such a pro g ram 
is a life l ong commitment that is based on an
a w a reness of the intera c t i ons of mind and body.

We b e l i eve t h i s w o rk s h o p re p o r t a n d
its publica t i on on the websites of the
I n t e rn a t i onal Lon g ev i ty Center (www. i l c u s a . o r g )
and the Institute for the Study of Aging
(www.aging-institute.org) will serve the public.

Robert N. Butler, M.D.
President and CEO

ILC-USA

Howard Fillit, M.D.
Executive Director

ISOA
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M o re people today are living longer lives 
than ever before, and lon g ev i ty is alre a d y
commonplace in both developed and developing
countries. Substantial gains in life expectancy
and in the number and proportion of older
people throughout the world will have a significa n t
impact on our lives and on the pro g rams 
and policies we design for the 21st century.
This longevity revolution represents both an
incredible opportunity and a great challenge.

Without doubt, the most prevalent and tragic
a f f l i c t i on of old age is mental or cognitive
impairment,often resulting in dementia—severe
global cognitive impairment.

Cognitive aging is the term used to describe
changes in memory and other cognitive
functions associated with old age. Most people
e x p e rience changes in memory and other
cognitive functions in old age. In many cases,the
c o g n i t i ve changes associated with normal aging
a re usually mild and do not impair a person’s
a b i l i ty to function on a daily basis. As re s e a rch e r s
in the field of cogniti on , we believe that cognitive
aging is potentially avoidable. Our goal is to find
w ays to maintain cognitive vitality in old age.

Recent studies have begun to classify the diffe re n t
degrees of cognitive impairment associated with
a g i n g.The earliest form of age-associated cognitive
change, characterized by increased forgetfulness,
is ca lled age-associated memory impairm e n t
(AAMI). In this stage, subjective complaints of

m e m o ry loss are accompanied by objective
evidence of impairment. Memory loss associated
with AAMI is generally slight. But it may be
preventable and treatable.

A more serious form of cognitive impairment
with aging is the disorder known as mild cognitive
i mpairment (MCI). MCI is a disorder that can
be identified with psychological tests that use
learning and memory tasks. Individuals with
AAMI do not autom a t i ca lly pro g ress to MCI, b u t
about 15% of individuals diagnosed with MCI do
p ro g ress to Alzheimer’s disease each ye a r.

“ Se n i l i ty ” is the lay term for dementia, a syn d rom e
o f cognitive impairment that affects all aspects 
of thinking, i n cluding abstract re a s on i n g,
j u d g m e n t , l a n g u a g e, m e m o ry, and learn i n g.
According to US studies, about 25% of people
over the age of 75 and about 40% of people over
the age of 80 are affected by dementia.

Alzheimer’s disease is the most common cause
of dementia. As individuals over the age of 85
constitute the most rapidly growing segment 
of our society, cognitive aging and Alzheimer’s
disease represent a significant and increasing
social and econ omic burden to individuals,
families, and society.

Fo rt u n a t e ly, dementia is not an inev i t a b l e
companion of old age. An alternate scenario—
cognitive vitality with aging—is possible. With
this in mind, the Institute for the Study of

E xe c u t ive Summary
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A g i n g, I n c . , in con j u n c t i on with the Intern a t i on a l
Lon g ev i ty Center—USA, C a nyon Ra n ch
Health Resort , and the Na t i onal Institute 
on Aging, held an interdisciplinary workshop
entitled “Achieving Cognitive Vitality With
Aging” at the Canyon Ranch Health Resort
in Tucson, Arizona on May 2 - 4, 2000. The
workshop brought together expert clinicians
and re s e a rch scientists from diverse back g ro u n d s
and areas of expertise to address the issue of
maintaining cognitive vitality with aging.

THE AIMS OF THE WORKSHOP WERE TO:

• R ev i ew current scientific and cl i n i cal know l e d g e
of normal human cognitive aging, the biologic
m e chanisms that underlie this process, and
risk factors associated with mental decline;

• Make recommendations for lifestyle changes
to maintain cognitive vitality and prevent
mental decline, based on a combination of
current scientific and clinical knowledge; and

• Create a research agenda for the development
of new therapies to prevent mental decline.

The absence of a complete scientific
understanding of the cognitive aging process
presented a genuine challenge to the group.
While new findings are being published and
new technology developed, there remain many
s e c rets about aging. The group strove to identify
risk factors for cognitive aging, such as those
relating to nutri t i on , m e d i cal con d i t i on s ,
psychologic and psychosocial factors, lifestyle,
h o rm on e s , and genetics. Pa rticipants also
explored behaviors that may protect against
c o g n i t i ve decl i n e, i n cluding learning new
things, staying physically active, participating in
l e i s u re activities, p racticing stress re d u c t i on
techniques, seeking help for depression, grief,
or loneliness, eating a nutritionally balanced
d i e t , stopping smok i n g, reducing alcoh o l
c on s u m p t i on , and seeking treatment for
medical problems. The group studied data on
brain plasticity (adaptivity), memory enhancers,

the effects of exe rcise on the brain and
cognition, and interventions to prevent mental
decline in animal models. Potential drugs for
p reventing mental decline and maintaining
c o g n i t i ve vitality, such as acetylcholinesterase
inhibitors, as well as drugs not yet approved for
prevention and treatment of cognitive decline,
were also discussed.

The purpose of this document is to shed light
on the process of cognitive aging and to develop
s t rategies to maintain cognitive vitality.
By doing so, we hope to increase awareness 
of the need for more research on the subject.
In addition, we hope to give physicians, policy
makers, and the general public the tools to
p romote cognitive vitality. Our goal is to
provide information that will ultimately help 
a ll individuals maintain cognitive health
t h roughout the aging process and there b y
s i g n i f i ca n t ly enhance their ove ra ll quality of life .
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By the year 2050, there will be almost 2 billion
people aged 60 years and over in the world. At
that point, the population of older persons will
be larger than that of children (≥14 years of age)
for the first time in recorded human history.3

This process of
global aging is
happening ra p-
i dly. In 1950,
a p p rox i m a t e ly
200 million of
the worl d’s
population was
60 years of age
or older. T h i s
p a rt of the
population has
expanded ra p-
i dly, and the
p rojected future
e x p a n s i o n  
is dramatic
(Figure 1).4

What kind of future can these people look
forward to? What kind of cognitive function
will accompany them into their later years?
Many people approach their later years worried
about memory loss, s h o rtened attention 
span, and incompetence in cognitively complex
situations.5 Some assume that severe cognitive
decline is inevitable. In contrast, others look
forward to the years past age 65 as a vital, active

time in their lives. Many postpone retirement.
Others choose to travel, volunteer, or begin new
careers. To maintain the vitality of their bodies
and minds, many follow anti-aging advice of
u n c e rtain value that they hear about on telev i s i on

or read about in
magazines and
n ew s p a p e r s .

People facing
their later ye a r s
n e e d  s o l i d ,
s c i e n t i f i c
i n f o rm a t i on on 
this  com p l e x
t o p i c — t h e y
d on ’ t  n e e d
m yths or false
h o p e . T h e
I n s t i t u t e f o r
the Study of
A g i n g , t h e
I n t e rn a t i on a l
L o n g e v i t y

C e n t e r, C a nyon Ra n ch Health Resort , and the
Na t i onal Institute on Aging spon s o red this work-
shop to determine what is known and what ques-
t i ons remain to be answered about cognitive vitality
with aging. We hope that our efforts will help
people understand how cognition changes with
n o rmal aging and disease and that this understand-
ing will enable them to make informed decision s
about maintaining their own cognitive health.

T he Workshop Report

Figure 1. Global aging: world population aged 60 and over

World Population Aged 60 and O ver 
(in Millions)
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WHY IS COG N ITI V E VITA LITY IM P O RTA NT?

Having a cl e ar, a c t i ve mind at any age is
important. For older persons, cognitive vitality
may make the difference between dependency
and independent living. Even in less dramatic
cases, cognitive vitality has a tremendous impact
on quality of life.

MA I NT ENA N C E O F COG N ITI V E VITA LITY

HELPS INDIVIDUALS TO …

• Enjoy everyday life fully

• Be productive (either at work, at home,
or through volunteer activities) 

• Acquire new knowledge

• Maintain health 

• Stay involved

• Maintain independent living

• Maintain social and family relationships

• Be creative

• Face challenges

• Avoid depression

Cognitive function is tightly tied to survival.
Studies have shown an association betw e e n
rapid cognitive decline and increased mortality.8

Se p a rating “b o d y ” f u n c t i ons from “m i n d”
f u n c t i ons is impossible, and phys i cal health
appears to be largely intertwined with mental
health and function. After all, the brain is the
control center for the body, and much of what
we do to maintain our health is a function of
“mind over matter.”

THE AGING BRAIN

While we encourage an optimistic approach to
cognitive vitality with aging, we cannot ignore
that the brain does change with age. As it ages,
the rate at which the brain can receive and
p rocess inform a t i on slow s . The re a s ons for 
this are not well understood. Cognition can be
considered a kind of computation process in a
network of billions of brain cells. During aging,
some links in the network break, resulting in
additional time needed to process and react to
information. In most cases, a person is not even
aware of this change because most common
activities do not test the limits of a person’s
ability to process information rapidly. However,
the bottleneck of slowed processing can cause
other shortcomings in cognitive function,9 such
as the memory lapses that are seen in aging.
In addition, complex tasks that require people 
to access multiple memories simultaneously may
be compromised as a person ages.

WHAT IS COGNITION?

Cognition — The process of knowing.
It is a combination of skills, including
k n ow l e d ge acquisition , a t t e n t i on ,
intuition, m e m o ry, l a n g u a g e, p e rc e p t i on ,
skilled motor behaviors, decision making,
goal setting, planning, and judgment.5

C o gn i tive vita l i ty — Good cognitive
f u n c t i on that results from a com p l e x
c om b i n a t i on of re s e rve brain ca p a c i ty,
a c q u i red know l e d g e, and a degree 
of pro t e c t i on against brain insults. Pe o p l e
with high cognitive vitality re m a i n
i n t e ll e c t u a lly sharp as they age.6 , 7

DID YOU KNOW?

The activity of the brain, like the rest 
of the body, generally slows down with
a g i n g. This is ca lled slowed speed 
of processing. Loss of function is the key
factor in aging. Normally, large numbers
of nerve cells are not lost.
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Why does the brain “s l ow dow n”? One suggestion
is that several processes such as those listed
below can result in reduced cognitive vitality.

• Inflammation — In the brain, inflammatory
responses are part of the natural repair process
f o ll owing an injury or infe c t i on . H ow eve r,
chronic, uncontrolled inflammation may tip
the balance toward brain injury rather than
brain repair.10

• O x i d a tive stress — Metabolic pro c e s s e s
produce oxidants (chemicals that damage cells,
m o l e c u l e s , and cellular com p onents such 
as membranes and mitochondria) and anti-
oxidants (chemicals that protect tissues from
oxidants). When long-term oxidant activity
outweighs long-term antioxidant activity, brain 
damage occurs.11

• Ho rmonal Changes — Estrogen acts as a
neurotrophin, which means that it protects
n e u rons from damage and promotes the
p ro d u c t i on of new neurons in the bra i n .1 2

Animal studies show that the postmenopausal
estrogen decline in women may be one of the
factors that accelerate the occurrence of age-
related cognitive impairment.13

• Amyloid deposition — Beta-amyloid (Aß) is
the p ri m a ry protein that com p rises the senile
plaques that form in the brains of Alzheimer’s
disease patients. Deposits of this protein in the
b rain cause brain injury.1 1

IS COGNITIVE DECLINE SOMETHING

EVERYONE SHOULD EXPECT?

Just as the physical effects of inflammation,
oxidative stress, hormonal changes, and amyloid
deposition vary from person to person, cognitive
functioning varies among people and over time.
Mental function generally follows a continuum
(Fi g u re 2) . Some people maintain cognitive
vitality as they age, showing only small losses in
mental function. While some degree of memory
loss can be expected, cognitive or mental decline
in some individuals becomes abnorm a l , b e g i n n i n g
a progression that may ultimately end with
dementia.15 The initial stage of this decline may
be age-associated memory impairment (AAMI).
In this stage, people have subjective complaints
and objective evidence of memory loss.
Diagnosis of AAMI is difficult. The 
next stage in the continuum is mild cognitive
impairment (MCI), which is marked by even
g reater memory loss. Specific psych o l o g i ca l
testing can determine whether the memory loss
f a lls within the normal range or can be

An ti ox i d a n t s — Chemicals such as
vitamins C and E that may prot e c t
n e u rons (nerve cells) by decreasing the
a d verse effects of re a c t i ve oxidants and
m ay promote cognitive vitality.

Neurons — Nerve cells, which commu-
n i cate inform a t i on in the body.
The brain has billions of neurons, which
g i ve it a sizable re s e rve ca p a c i ty to
c ompensate for neurons that are
damaged or destroyed.14

Neurogenesis — The production of new
nerve cells. Recent work indicates that
new brain cells can be made even in
advanced age.

Senile plaques — Deposits of beta-
amyloid in the brain that cause brain
damage associated with the progressive
c o g n i t i ve decline ch a ra c t e ristic of
Alzheimer’s disease.

Alzheimer’s disease — A disease charac-
terized by progressive cognitive decline
caused by brain changes such as 
the degeneration of neurons and the
f o rm a t i on of senile plaques and
neurofibrillary tangles (abnormal debris
inside brain cells).



diagnosed as MCI. MCI may pro g ress to
d e m e n t i a . While AAMI and MCI are
characterized by memory loss alone, dementia
refers to mental decline severe enough to keep 
a person from functioning norm a lly. It is
ch a ra c t e ri zed by memory loss and other
cognitive dysfunction (such as impaired abstract
thinking). Many people fear dementia. It robs
them of their person a l i t i e s , their ability to
interact with others, and their ability to function
independently. Alzheimer’s disease is the most
prevalent cause of dementia in older people.16

Dementia is not a normal part of aging, as it only
affects about 3% to 10% of people over age
65.17,19 Also important to note is that not all
people diagnosed with MCI will end up with
dementia and that long periods may pass before
this con d i t i on deteri o rates into dementia.2 0

While most people over the age of 70 experience
some degree of cognitive decline, particularly
s h o rt - t e rm memory loss, m a ny people age
without any abnormal cognitive decline. Many
centenarians (men more than women) maintain 

high cognitive function. One study showed that
h i g h - f u n c t i oning older adults smoke less,
exercise more, and are more likely to engage in
volunteer activities than lower-functioning older
a d u l t s .2 1 These associations between cert a i n
c o g n i t i ve behaviors and high cognitive function i n g
are not unexpected. As we shall discuss, people
can take behavioral steps to prevent or postpone
mental decline.

11

Dementia — A condition marked by
progressive cognitive impairment. This
c on d i t i on , by definition , is seve re
enough to disrupt daily living.17

Mild cognitive impairment — Perhaps a
t ra n s i t i onal stage between age-associated
m e m o ry impairment and dementia,
characterized by noticeable memory loss
but without other changes in cognitive
a b i l i t i e s . Not all people with mild
c o g n i t i ve impairment develop dementia.1 8

Figure 2. Model for phases of brain aging

In this model, s ome degree of cognitive impairment is associated with 
“successful aging.” Against this background, abnormal changes can occur that
progress through age-associated memory impairment (AAMI) and mild cognitive
impairment (MCI) to dementia. At some stage in dementia, irreversible damage
apparently occurs. Adapted from Cotman 2000,10 with permission.
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WHO IS AT RISK FOR COGNITIVE

DECLINE?
Certain factors make some of us more likely
than others to experience cognitive decl i n e .
People need to be aware that some factors cause
p o t e n t i a lly reversible mental decline and should be
a d d ressed by a phys i c i a n . These include adve r s e
d rug re a c t i on s , ove rm e d i ca t i on , d e p re s s i on ,
metabolic and endocrine (horm onal) disturb a n c e,
t u mors ,t ra u m a ,a l c oh o l i s m , eye and ear pro b l e m s ,
and infe c t i on .2 2 - 2 4 Other risk factors for dementia,
which is not a reversible condition, may be
genetic or env i ron m e n t a l .

25  
These factors should

be con s i d e red in lon g - t e rm preve n t i on stra t e g i e s .

Risk factors vary—some can be changed or
modified, and some cannot. The following table
lists some risks for cognitive decline and/or
dementia and categorizes them.

FACTORS/INTERVENTION S THAT

PROMOTE COGNITIVE FUNCTION

R e s e a rchers are exploring ways to postp on e
and/or treat mild dementia. If successful, these
therapies may have a broader use and help to
keep the mind functioning well as people age.
Also, people may be able to reduce the risk of
cognitive decline and achieve cognitive vitality
by adopting certain preventive strategies that are
discussed below.2

LIFELONG LEARNING AND TRAINING

Animal studies have shown that intellectual
stimulation actually promotes brain growth.46

Studies in people have demonstrated that lower
education levels or low language ability in early
life are associated with cognitive impairment
and dementia in later years.41,47 Education has
been found to protect against cognitive decl i n e
even in those younger than age 65.4 8 I n d e e d , a d u l t
e d u ca t i on and educa t i on a l / i n t e llectual stimu l a t i on
later in life may help to maintain cognitive health.

Fo rt u n a t e ly, the brain maintains its plasticity
( a d a p t i v i ty) even into ve ry old age. In the ve ry old,
repeated training can be effe c t i ve in sustaining
higher levels of cognitive perf o rm a n c e .4 9 Si m p ly
re-testing older subjects during training exe rc i s e s
enhances memory perf o rm a n c e .5 0 Training may
be form a l i zed or it may consist of doing memory
e xe rc i s e s , s u ch as cro s s w o rd puzzles.

Genetic factors

Female gender 26

ApoE4 genotype 27

Medical comorbidities 
Hypertension 28

Heart disease 28

Diabetes 29

E levated low - d e n s i ty lipoprotein ch o l e s t e rol 3 0

High homocysteine levels 31

Transitory ischemic attacks (TIAs) 28

Head trauma 32

Environmental exposure to toxins 
(particularly lead) 33

Lifestyle choices 
Smoking 26,28

Substance abuse, including alcohol and
illicit drugs 34-39

P s y c h o l o g i c a l / p s y c h o s o c i a l
factors 
Low educational achievement 26,40-43

Lack of physical activity 40

La ck of social intera c t i on / l e i s u re activities 4 4

Excessive response to stress 
(excessive cortisol levels) 45

Brain plasticity — The ability of the
brain to change in response to stimuli
(e.g., learning). Despite myths to the
contrary, the brain can rewire itself, even
into old age, and some areas of the brain
may be able to add new cells in response
to stimulation.
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EXERCISE

Lack of physical activity has emerged as a risk
factor for cognitive decline. Encouraging people
to continue engaging in enjoyable phys i ca l
activities as they age is another way of prom o t i n g
co g n i t i ve vitality. Seve ral studies have shown that
e xe rcise has a beneficial effect on the brains of
older person s . Ac t i ve older adults demon s t ra t e
i m p roved blood supply to the bra i n , h i g h e r
c o g n i t i ve test scores in some are a s , and improve d
re a c t i on time. E ven older adults with phys i ca l
and emotional impairment benefit from exe rc i s e
t ra i n i ng. As the Am e ri can work f o rce ages,
e m p l oyers may find it beneficial to encoura g e
a c t i v i ty and provide exe rcise opport u n i t i e s
d u ring the work d ay, as this will help to
i m p rove pro d u c t i v i ty, h e a l t h , and cognitive
f u n c t i on .4 0 , 5 1 - 5 4

DAILY ACTIVITIES

A rich and stimulating work environment may
help maintain cognitive function.This should be
an important consideration for a person thinking
about re t i re m e n t .5 6 Social and nonw o rk activities
a re also correlated with the risk of cognitive
decline in older adults. For this reason, older
people should be encouraged to keep working
and/or to participate in activities like traveling,
k n i t t i n g, g a rd e n i n g, or volunteeri n g. T h ey
should also be encouraged to participate in
group activities that provide opportunities for
social interaction.44

STRESS REDUCTION

Stress reduction techniques have also proved to
be important as part of the daily activities of

older individuals. Animal studies have shown
that chronic stress alters brain structure and can
reduce the body’s ability to maintain normal
physiologic function, which may, in turn, affect
cognitive function.57,58

SLEEP

Older people are often plagued with sleep
problems that can negatively affect cognitive
f u n c t i on . C on t ro lling sleep disturbances and
increasing REM (rapid eye movement or dream)
sleep are associated with preserved cognition and
function.59,60

EMOTIONAL STABILITY

Studies suggest a connection between cognitive
and emotional health. High-functioning older
adults report fewer emotional problems and
score higher on scales of self-efficacy. Older
people who have been married show greater
emotional stability and higher cognitive function
than their peers who never married.61 The stress
of depression in older adults may actually result
in injury to the brain and may be associated with
the increase in the rate of suicide among this
p o p u l a t i on , p a rt i c u l a rly among white men.6 2

Health ca re pro fe s s i onals and patients, t h e re f o re,
need to be alert to the sym p t oms and effects of
d e p re s s i on and make sure it is pro p e rly tre a t e d .2 1 , 6 3

NUTRITION

Nu t ri t i onal interve n t i on has been investigated as a
w ay to delay and/or prevent cognitive impairm e n t .
Some animal studies suggest that reduced caloric
intake may protect against the effects of aging. I n
one study of mice, data showed that a nutri t i o u s
b u t re s t ricted ca l o rie diet, i n t roduced at
weaning, did not reduce adult brain weight but
did reduce adult body size. This study also
demonstrated in animals that caloric restriction
at midl i fe does pro l ong cognitive function ,
although other data do not support this
finding.64 At present, doctors do not generally
promote dieting in older individuals because it
m ay increase fra i l ty or mask disease-re l a t e d

DID YOU KNOW?

Moderate aerobic activity, like walking,
improves function in executive tasks,
such as problem solving, in older people
who previously had not exercised.55
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weight loss. A balanced diet is vital to preserve
general health and vitality.

R e s e a rchers are also looking at the role 
of antioxidants in preserving cognitive vitality
and preventing dementia. Antioxidants act as
s ca ve n g e r s , p rotecting the body against fre e
ra d i cals that can damage brain cell s .6 5 Fre e
ra d i cals are highly re a c t i ve substances that ca u s e
damage through ch e m i cal processes such as
ox i d a t i on . Vi t a m i n s C and E, a l ong with beta
ca ro t e n e, act as antiox i d a n t s . Am ong people aged
6 56 5 and older, those with a higher intake of these
a n t i oxidants have better memory perf o rm a n c e,
suggesting that antioxidants may help preve n t
p ro g re s s i ve cognitive impairm e n t .6 6 C u r re n t ly,
re s e a rch is under way to investigate whether
v i t a m i n E can help prevent or delay Alzheimer’s
disease in older people with MCI.6 7

Though more research is needed in this area,
eating antiox i d a n t - ri ch fruits and ve g e t a b l e s
and/or taking a daily multivitamin may be
b e n e f i c i a l . But like all ch e m i cal substances,
nutrients and other food components can have
negative effects if taken in excess. For example,
the upper limit of intake for vitamin C for adults
over age 50 is 2000 milligrams (mg) a day; more
than this can cause renal dys f u n c t i on and
d i a r rhea and distort the results of some labora t o ry
t es t s . The upper limit re c ommended for
vitamin E is 1000 mg a day.68

The Institute of Medicine’s Food and Nutrition
B o a rd re c e n t ly released the newest dietary re fe rence
intake values, which gives suggested daily doses
and tolerable upper limits for vitamins C and E.
The report does not recommend a daily or upper
intake level for carotenoids such as beta ca ro t e n e,
so people should be ca reful not to take them in
high doses. The re p o rt re c ommends taking beta
ca rotene supplements on ly for the preve n t i on and
c on t rol of vitamin A deficiency.6 8

THE EFFECT OF MEDICAL PROBLEMS/
INTERVENTION S ON COGNITION

As people age they often need to cope with
medical conditions that may affect cognition.
The effects of some conditions, like stroke, may
be obvious, while other changes, like hormone
levels that are reduced in aging, may affect 
cognition in more subtle ways.

INJURIES

Brain injuries occur most frequently in two age
groups: people aged 15 to 24 years and people
aged 75 and older. Brain injury can result in
lifelong impairment of physical, cognitive, and
psychosocial functioning. Many brain injuries
a re not tre a t a b l e, so preve n t i on thro u g h
precautionary measures such as wearing seat
b e l t s , bike helmets, and re f l e c t i ve cl o t h i n g
should be the main focus.69 In addition, research
has shown that professional soccer players who
frequently “head” the ball often suffer from brain
injury. With the growing number of children
participating in youth soccer programs, parents,
children, and coaches should be educated about
the potential negative effects of this technique,
and it should be discouraged by parents and
coaches alike.70 Boxing is another sporting activ-
ity associated with a risk of brain injury and
dementia. In general, people who participate in
athletic activities should take caution to ensure
that the head is protected.

ALCOHOL AND SMOKING

Some studies have suggested that nicotine may
improve information processing and memory.71

Current research is investigating new drugs that
mimic the effect of nicotine on cognitive
f u n c t i on .7 2 H ow eve r, c i g a rette smoking has
n u m e rous lon g - t e rm adverse effects on the
heart, lungs, and brain, and a number of studies
show negative effects of smoking on cognition.73

Excessive alcohol consumption can cause nerve
cell death, which may contribute to dementia
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and is associated with rapid cognitive decline in
A l z h e i m e r’s disease patients.7 4 R e s e a rch on
people who have Alzheimer’s disease, however,
excludes people with known heavy alcohol use,
leaving many questions about the association of
alcohol and Alzheimer’s disease unanswered.75

M o d e rate alcohol con s u m p t i on may help
p revent cognitive decl i n e, p o s s i b ly thro u g h
effects on the cerebral blood vessels.76 But the
evidence is not conclusive, and recommending
that older individuals use alcohol for medicinal
purposes is risky, since alcoholism is a significant
problem in this age group.77

HORMONAL AND DRUG SUPPLEMENTS

Alzheimer’s disease is more common in women
than in men, and researchers have found a
relationship between estrogen deficiency and
Alzheimer’s disease. Estrogen may play a role in
maintaining neuronal health and some aspects of
cognitive function in older women.78 Findings
suggest that estrogen replacement thera p y
enhances new learning and helps maintain
verbal memory. Results from animal and human
studies of estrogen replacement therapy 
a re prom i s i n g, but the findings are not
conclusive.12,17,79 Further research is needed to
d e t e rmine whether estrogen replacement thera p y
can protect women from cognitive decl i n e .
Those considering hormone supplements may
wish to consider the potential benefit for
p reventing cognitive decline when assessing 
the risks and benefits of these therapies. Studies 
a re also on going to evaluate the effect of
testosterone on cognitive function with aging.

Dehydroepiandrosterone (DHEA), a natural
p recursor of estrogen and testosteron e, has been
a d ve rtised as a supplement to boost memory and as
a cure for many ills of aging.Though DHEA leve l s
do decline as people age, re s e a rch does not support
these health cl a i m s .8 0 Until further re s e a rch is
ca r ried out, DHEA is not re c ommended for the
p reve n t i on of cognitive decline or for enhancement
of cognitive function in older people.

Melatonin, a hormone produced by the pineal
gland in the brain, is a highly advertised over-
the-counter substance purported to improve the
q u a l i ty of sleep. Some studies show that
melatonin levels fall with age, but others do not.
Some scientists think that lower melatonin levels
may be associated with sleep disorders in some
older people, which may in turn cause cognitive
i m p a i rm e n t . H ow eve r, until well - c on t ro ll e d
clinical trials are conducted, melatonin is not
recommended as a long-term supplement.19

Human growth hormone levels also decline as
we age.81 Half of all people age 70 and older have
s ome deficiency of this horm on e . St u d i e s
investigating whether human growth hormone
can improve cognitive functioning have had
m i xed re s u l t s . M o re studies are needed before
treatment with this horm one can be re c om m e n d e d
f or maintaining cog n i t i ve vitality,1 9 e s p e c i a lly since
the lon g - t e rm adverse effects of this treatment 
a re u n k n ow n .

HYPERTENSION, DIABETES, AND
VASCULAR DISEASE

Multiple chronic diseases have been associated
with memory impairment. Hypertension (high
blood pressure) and heart disease affect almost
one third of today’s older population .1 9

H yp e rt e n s i on and other forms of vascular
disease may con t ribute heavily to vascular 
( mu l t i - i n f a rct) dementia, the second most
common form of age-related dementia, which
accounts for approximately 15% of all late-life
dementias.23 Blood pressure control is important
to a person’s ove ra ll health, and effe c t i ve
treatment of hypertension is likely to prevent
cognitive decline by reducing the risk of stroke.82

M o re re s e a rch is needed to definitive ly
determine whether treatment of hypertension
p revents cognitive decl i n e . C on d i t i ons associated
with heart disease, such as atrial fibrillation,
m yo ca rdial infarc t i on , and con g e s t i ve heart failure,
have been linked to cognitive decline.83,84
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D a i ly low-dose aspirin therapy is oft e n
recommended for people at risk for heart attack
and strok e . Some re s e a rch has shown that
aspirin is moderately beneficial in preventing
cognitive decline.85 Other studies do not show a
difference between aspirin users and nonusers.86

Atherosclerosis is also a risk factor for dementia
and has been shown to be associated with poor
cognitive function. 87 Therefore, eating a low-fat
diet and, if necessary, taking ch o l e s t e ro l - l ow e ri n g
medication to control this condition may protect
against cognitive decl i n e . M o re re s e a rch is needed
to assess whether treatment of atherosclerosis
will improve cognitive functioning.

Diabetes, a common condition in older people,
is a significant cause of sickness and death.
Older people with diabetes may have impaired
cognitive function.29 However, the issue of the
re l a t i onship between cognition and elev a t e d
glucose (blood sugar) levels in diabetes is difficult
to interpret, since the brain needs glucose for
cognition.88 Glucose, which is the body’s main
source of energy and is produced from digested
food, such as starch, cane sugar, maltose, and
l a c t o s e, has been shown to be effe c t i ve in
enhancing cognitive perf o rmance in healthy
young and older adults as well as in individuals
with Alzheimer’s disease.8 9 R e s e a rch suggests
that cognition may be impaired in hypoglycemia

(low blood sugar) and in hyperglycemia (high
blood sugar), both complications of diabetes.90

I n d e e d , poor metabolic con t rol (sustained
hyperglycemia) in people with diabetes has been
linked to reduced cognitive functioning.91 Given
this re l a t i on s h i p, studies of new drugs for tre a t i n g
d iabetes should include cognitive function as an
endpoint, especially if these drugs are likely to
cause hypoglycemia. Furthermore, diabetes and
poor con t rol of blood glucose levels have been
s h own to con t ribute to ca rd i ovascular disease and
s t rok e, w h i ch are also risk factors for impaire d
c o g n i t i ve function i n g.9 2 People with diabetes
should avoid both hyp e r g lycemia and hyp o-
g lycemia in order to pre s e rve cognitive function .

Vascular dementi a —– A con d i t i on
caused by multiple mini-strokes that
result in brain damage and loss of
cognitive function. It is the second most
common type of dementia. Risk factors
for this condition include myocardial
infarction (heart attack), hypertension
(high blood pressure), atherosclerosis,
diabetes mellitus, obesity, a sedentary
lifestyle, and smoking.
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ILC Workshop Report: Achieving and Maintaining Cognitive Vitality with Aging

*These are the only types of drugs approved by the Food and Drug Administration for treatment of Alzheimer’s disease. 
†Cyclic response-element binding protein.      ‡Dehydroepiandrosterone.       §Nonsteroidal anti-inflammatory drugs.

SU M M A RY O F RE CO M M EN D ED AP P ROAC H ES TO MA I NTA I N I N G COG N ITI V E VITA LITY
The varied approaches to achieving and maintaining cognitive vitality that have been discussed are

summarized in practical terms in the following table.

BEHAVIORS THAT MAY PROTECT AGAINST COGNITIVE DECLINE

• Keep challenging yourself to learn new things (“Use it or lose it”) 
• Stay physically active (“Move it or lose it” may be truer than we realize!) 
• Remain socially active
• Participate in leisure activities. Practice daily stress-reduction techniques, such as meditation and/or

yoga. Get a restful night ’s sleep when possible 
• Seek out the help you need if you suffer from depression, grief, or loneliness 
• Eat well, but not too much; keep calorie intake moderate. Eat antioxidant-rich fruits and vegetables 
• Take a daily multivitamin/mineral supplement but avoid taking excessive amounts 
• Be safe and avoid head trauma—fasten seat belts, use a bike helmet and other safety gear, and avoid

“heading”. Boxing is strongly associated with a risk of brain injury and dementia 
• If you smoke, stop!
• If you drink, use alcohol in moderation—less is probably better. Do not take dehydroepiandrosterone

(DHEA), human growth hormone, melatonin, or other over-the-counter anti-aging supplements 
without consulting your physician  

• Make sure you receive proper treatment if you have high blood pressure, high cholesterol, or other
cardiovascular conditions  

• Make sure to keep diabetes, heart disease, and other medical conditions under control
• Use sensory aids (hearing aids, reading glasses, etc.) to maximize interaction with the environment  
• If you are a woman, consider estrogen replacement therapy carefully and discuss it with your doctor 

PATHOLOGIC CHANGES LEADING TO COGNITIVE DYSFUNCTION AND
POSSIBLE THERAPEUTIC INTERVENTIONS

Pathologic Change Therapeutic Intervention
Cognitive Enhancers

Reduced neurotransmitter production/function Acetylcholinesterase inhibitors*93-98

(fewer or weaker signals between nerves)
Nicotinic agonists99

Glutamate modulators93,100-102 

Muscarinic (M1) agonists103

Muscarinic (M2) antagonists103

Huperzine A104

Gingko biloba105

CREB† enhancers106-108

Disease Modifying Agents
Fo rm a t i on of senile plaques Amyloid vaccine109

Inhibitors of synthesis and production of 
beta-amyloid precursor110

Beta and gamma secretase inhibitors110 

Alpha secretase enhancers
Inhibitors of amyloid fibrillogenesis and aggregration

Ne u ral dys f u n c t i on / c e ll death Glutamate antagonists
Ne u ro t ro phins (NGF, B D N F, A IT-0 8 2 )1 1 1 - 1 1 4

Caspase inhibitors
Glucocorticoid antagonists 

Decreased hormonal function Estrogen replacement17,115-122

Testosterone replacement123,124

Other horm on e s :D H E A‡, m e l a t on i n1 9 , 8 1 , 1 2 5 , 1 2 6

Inflammation Anti-inflammatory agents (e.g., NSAIDs§)127,128

Oxidative stress/free radical production Antioxidants (e.g., vitamin E,vitamin C)129,130 

Elevated homocysteine levels Nutritional supplements 
(vitamin B6, vitamin B12, and folate)
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THE FUTURE OF DRUG THERAPY TO
MAINTAIN COGNITIVE VITALITY

T h ree medica t i ons (all acetyl ch o l i n e s t e ra s e
inhibitors) are available and several are currently
under deve l o pment for the t reatment of cognitive
di s o rders and Alzheimer’s disease. T h e s e
m e d i ca t i ons fall into seve ral ca t e go ries based on
w h i ch part of the Alzheimer’s disease pro c e s s
t h ey target.

Most of these types of medications are being
examined for treatment of dementia, but some
are under study for earlier stages of cognitive
decline, particularly the MCI stage.120 But what
about drugs to improve cognition in people who
do not have MCI or Alzheimer’s disease but are
p ri m a ri ly suffe ring from “n o rmal cognitive
aging”? Disease-modifying agents may be useful
to prevent Alzheimer’s disease and cognitive
decline with aging, but much research needs to
be done.

Some interest is growing in this area of cognitive
e n h a n c e m e n t .5 An example of a cognitive
enhancer is cyclic AMP re s p on s e - e l e m e n t
binding protein (CREB ) . With cognitive
training this protein is produced in the brain.
Its expression has been linked to long-term
m e m o ry form a t i on in animals.1 0 6 E ve n t u a lly,
scientists may be able to develop methods of
enhancing brain levels of pro t e i n s , s u ch as
CREB, that might reduce the amount of time
and effort needed to commit things to long-term
memory. However, the ethics of using cognitive
e n h a n c e r s , s u ch as Ritalin®, in the genera l
population is an issue of debate because their
long-term effects are unknown. Double-blind,
placebo-controlled trials to test the effects of
drugs on cognitive decline and dementia are
necessary before drugs can be prescribed to treat
these conditions.

FUTURE DIRECTIONS FOR

COGNITIVE HEALTH

Our rapidly aging population requires us, as a
society, to make fundamental changes in policy
and research to ensure that older adults maintain
the level of cognitive vitality needed to lead
productive, satisfying lives.

Health ca re pra c t i t i oners can con t ribute to the pro-
m o t i on of cognitive vitality in the foll owing ways :

• Make cognitive vitality an important goal.
Practitioners should talk with patients about
how different conditions or treatments affect
their minds. Some patients may become
motivated to change their behavior (such as
s m oking) or to take medica t i ons to improve other
c on d i t ions (such as diabetes or hypertension), if
they think those interventions will keep their
cognitive faculties intact.

• Do not assume that the cognitively impaired
patient cannot be tre a t e d .A ll individuals re p o rt-
ing cognitive changes with aging should be ev a l-
u a t e d . Pra c t i t i oners should look first for causes of
p o t e n t i a lly reversible impairment and treat them.
If there are non e, patients should be re fe r red for
a diagnostic exam. R e l a t i ves of dementia patients
should be directed to the Alzheimer’s Disease
E d u ca t i on and Refe r ral Center (ADEAR) and
the Alzheimer’s Association for inform a t i on and
s u p p o rt serv i c e s .

• Make sure patients do not have unrecognized
or untreated sensory impairments that
c on t ribute to their pro b l e m s . Pra c t i t i on e r s
should also use technologies that help those
with sensory impairment to interact with their
environment (e.g., hearing aids).131

So c i e ty at large can promote educa t i on a l
endeavors and implement policy changes to help
its members achieve and maintain cognitive
vitality. Some of these changes can be instituted
by community organizations; others require the
government to change its policies and promote
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new types of funding. Specific interventions
include the following:

• Lo cal com munities should institute “g e t - u p - o f f -
yo u r - a p a t hy ” agendas to encourage people to get
m oving intell e c t u a lly, phys i ca lly, and socially as a
means of promoting cognitive vitality.

• The gove rnment s h o u l d s u p p o rt the deve l o p-
ment of a national population database that
studies people longitudinally (over time) to
assess cognitive function .1 Diagnosis of
patients for inclusion in such a study should be
covered under diagnostic-related group (DRG)
codes. A concerted effort should be made to
include cognitive outcome measures in health-
related longitudinal studies (e.g., longitudinal
cardiovascular studies).

• The NIA should continue to develop interdis-
ciplinary consortia to encourage researchers
with diffe rent areas of expertise to com e
together to address the re s e a rch issues related 
to ach i eving and maintaining cognitive
v i t a l i ty,1 , 1 3 2 in addition to, but separate from , t h e
considerable amount of funding curre n t ly
d i rected to Alzheimer’s disease. Su ch con c e rt e d
re search efforts should continue to be used 
for studies such as the NIA Baltimore
Longitudinal Study of Aging.

R e s e a rchers also need to target specific objective s
to advance knowledge about cognitive vitality.T h e
f o ll owing will facilitate the study of certain issues:

• Better descri p t i on of the specific phys i ca l
changes that occur in the brain with normal
aging and those that occur in older people with
M C I . These changes should be examined 
on the molecular, cellular, organ system, and
individual level.

• Genetic studies. The role of genetic factors
requires further study.

• Sensitive biologic markers of normal cognitive
decline.1 Measures of patient behavior are o ft e n

not sensitive enough to tra ck changes over time,
p a rt i c u l a rly with cognitive thera p i e s . Biologic
markers that can be used in this way need to be
developed.

• Additional postmortem studies. Psychological
tests conducted over the course of normal
aging should be paired with autopsy results 
so that the functional changes can be linked to
anatomic changes.132

• Animal studies. Better animal models of norm a l
cognitive aging need to be developed. A rapid
test for cognitive impairment in the rat should
be developed. Aging models and testing should
be standardized across laboratories doing cog-
nition research. Improved imaging systems are
needed so that small animal brains can be
examined.

• Examination of the effects that social and 
cultural conditions (i.e., education, early life
experiences, sense of con t rol or wort h , etc.) have
on cognitive vitality later in life.

• Double-blind, placebo-controlled clinical trials
to assess the effects of putative agents on
cognitive decline and dementia.

CONCLUSIONS

Cognitive vitality is critical to optimal aging.
Although many questions about the aging brain
re m a i n , we now have suggestions for preve n t i ve
s t rategies and interve n t i ons that promote cognitive
v i t al i ty. With these in mind, people can take 
c on c rete steps to maintain their intellectual vigo r.
Physicians and other health care providers can
play a major role in assisting individuals to
achieve and maintain c o g n i t i ve vitality. As our
k n owledge base incre a s e s , t h e o p t i ons for
p romoting cognitive health are also likely to
expand to meet the demands of a grow i n g
number of people who will want to re m a i n
c o g n i t i ve ly vital in their later ye a r s .



20

1 .St e rn PC, Carstensen LL , e d s . Na t i o n a l
Research Council. Committee on Future Directions
for Cognitive Research on Aging. The Aging Mind:
Opportunities in Cognitive Research. Washington,
DC: National Academy Press; 2000.
2.Fillit H, Butler RN, eds. Cognitive Decline:
Strategies for Prevention. London: Greenwich
Medical Media; 1997.
3 .United Na t i on s , Po p u l a t i on Division ,
Department of Economic and Social Affairs.
Po p u l a t i on ageing 1999. Ava i l a ble at:
w w w. u n d p. o r g / p o p i n / wd t re n d s / a 9 9 / a 9 9 n o t e . h t m .
Accessed January 23, 2001.
4.United Nations. International plan of action on
a g e i n g. Ava i l a ble at: w w w. u n . o r g / e s a / s o c d ev /
ageing/ageipaa1.htm. Accessed January 23, 2001.
5. Whitehouse PJ, Juengst E, Mehlman M, et al.
Enhancing cognition in the intellectually intact.
Hastings Cent Rep. 1997;27:14-22.
6 .Baltes PB, Baltes MM. Ps ych o l o g i cal perspective s
on successful aging: the model of selective
optimization with compensation. In: Baltes PB,
Baltes MM, eds. Successful Aging: Perspectives
From the Behav i o ral Sciences. C a m b ri d g e :
Cambridge University Press; 1990:1-34.
7 .S chaie KW. The optimiza t i on of cognitive
functioning in old age: predictions based on
c oh o rt-sequential and longitudinal data. I n :
Baltes PB, Baltes MM, eds. Successful Aging:
Per s p e c t ives From the Behav i o ral Sciences.
C a m b ri d g e : C a m b ridge Unive r s i ty Pre s s ;
1990:94-117.
8 .B o s w o rth HB, S chaie KW, Wi llis SL.
Cognitive and sociodemographic risk factors for
mortality in the Seattle Longitudinal Study.
J Gerontol. 1999;54B:P273-P282.

9.Salthouse TA. The processing-speed theory of
adult age differences in cognition. Psychol Rev.
1996;103:403-428.
10.Cotman CW. Homeostatic processes in brain
a g i n g : the role of apoptosis, i n f l a m m a t i on ,
and oxidative stress in regulating healthy neural
c i rc u i t ry in the aging bra i n . I n : St e rn PC,
Carstensen LL , e d s . The Aging Mind:
Opportunities in Cognitive Research. Washington,
DC: National Academy Press; 2000:114-143.
11.Sayre LM, Zagorski MG, Surewicz WK, et al.
Mechanisms of neurotoxicity associated with
amyloid beta deposition and the role of free
ra d i cals in the pathogenesis of Alzheimer’s
disease: a critical appraisal. Chem Res Toxicol.
1997; 10:518-526.
12.Tanapat P, Hastings NB, Reeves AJ, et al.
Estrogen stimulates a transient increase in the
number of new neurons in the dentate gyrus 
of the adult female ra t . J Ne u ro s c i . 1 9 9 9 ;
19:5792-5801.
13.Markowska AL. Sex dimorphisms in the rate
of age-related decline in spatial memory:
relevance to alterations in the estrous cycle.
J Neurosci. 1999;19:8122-8133.
14.Perls TT, Silver MH. Living to 100: Lessons in
Living to Your Maximum Potential at Any Age.
1st ed. New York, NY: Basic Books; 1999.
15.Fillit H. The clinical significance of cognitive
decline in late life. In: Fillit H, Butler RN, eds.
C o g n i tve Decline: S tra tegies for Preve n t i o n .
London: Greenwich Medical Media; 1997:1-7.
16.McDonald DR, Brunden KR, Landreth GE.
Am yloid fibrils activate tyrosine kinase-dependent
signaling and superoxide pro d u c t i on in
microglia. J Neurosci. 1997;17:2284-2294.

K ey Referenc e s



21

17.Shumaker SA, Reboussin BA, Espeland MA,
et al. The Women’s Health Initiative Memory
Study (W HI M S ) : a trial of the effect of estro g e n
t h e rapy in preventing and slowing the pro g re s s i on
of dementia. C o n trol Clin Tri a l s . 1 9 9 8 ;
19:604-621.
18.Petersen RC, Smith GE, Waring SC, et al.
Mild cognitive impairm e n t : cl i n i cal ch a ra c t e ri za t i on
and outcome. Arch Neurol. 1999; 56:303-308.
19.Rowe JW, Kahn RL. Successful Aging. New
York, NY: Random House, Inc; 1998.
20.Yankner BA. A century of cognitive decline.
Nature. 2000;404:125.
21.Berkman LF, Seeman TE, Albert M, et al.
H i g h , usual and impaired functioning 
in community-dwelling older men and women:
findings from the MacArthur Fo u n d a t i on
R e s e a rch Ne tw o rk on Successful Aging.
J Clin Epidemiol. 1993;46:1129-1140.
22.Paist SSI, Martin JR. Brain failure in older
p a t i e n t s : u n c ove ring treatable causes of a
diminished ability to think. Postgrad Med. 1996;
99:125-136.
2 3 .G e r s h on S, H e rman SP. The diffe re n t i a l
diagnosis of dementia. J Am Geri a tr Soc.
1982;30(suppl):S58-S66.
24.Katzman R. Dementias. Postgrad Med. 1978;
64:119-125.
2 5 .Tang M-X, St e rn Y, M a rder K, et al.
The APOE-e4 allele and the risk of Alzheimer
disease among African Americans, whites, and
Hispanics. JAMA. 1998;279:751-755.
26.Launer LJ, Andersen K, Dewey ME, et al.
Rates and risk factors for dementia and
Alzheimer’s disease: results from EURODEM
pooled analyses. Neurology. 1999;52:78-84.
2 7 .Prince M, Love s t one S, C e rv i lla J, et al.
The association between APOE and dementia
does not seem to be mediated by vascular factors.
Neurology. 2000;54:397-402.
28.Meyer JS, Rauch GM, Crawford K, et al.
Risk factors accelerating cerebral degenerative
ch a n g e s , c o g n i t i ve decline and dementia.
Int J Geriatr Psychiatry. 1999;14:1050-1061.

2 9 .G regg EW, Ya f fe K, C a u l ey JA , et al.
Is diabetes associated with cognitive impairment
and cognitive decline among older women? 
Arch Intern Med. 2000;160:174-180.
30.Moroney JT, Tang M-X, Berglund L, et al.
Low - d e n s i ty lipoprotein ch o l e s t e rol and the 
risk of dementia with strok e . J A M A . 1 9 9 9 ;
21:254-260.
3 1 .M i ller JW. H om o cysteine and Alzheimer’s
disease. Nutr Rev. 1999;57:126-129.
32.Mortimer JA, French LR, Hutton JT, et al.
Head injury as a risk factor for Alzheimer’s
disease. Neurology. 1985;35:264-267.
33.Koss E, Cook TB, Cole R, et al. Occupational
lead exposure is a risk factor for Alzheimer’s
d i s e a s e : a ca s e - c on t rol study [abstra c t ] .
Neurology. 2000;54(suppl 3):A361.
3 4 .Ka s a h a ra H, Ka rasawa A, A riyasu T, T h u k a h a ra
T, Satou J, Ushijima S. A l c ohol dementia 
and alcohol delirium in aged alcoh o l i c s . P sy ch i a try
Clin Ne u ro s c i . 1 9 9 6 ; 5 0 : 1 1 5 - 1 2 3 .
3 5 .H a ll W, So l owij N. Ad verse effects of ca n n a b i s .
Lancet. 1998;352:1611-1616.
36.Block RI, Ghoneim MM. Effects of chronic
m a rijuana use on human cognition .
Psychopharmacology. 1993;110:219-228.
3 7 .C o u rt JM. Cannabis and brain function .
J Paediatr Child Health. 1998;34:1-5.
38.Hall W, Solowij N. Long-term cannabis use
and mental health [editorial]. Br J Psychiatry.
1997;171:107-108.
3 9 .Morgan MJ. M e m o ry deficits associated 
with recreational use of “ecstasy” (MDMA).
Psychopharmacology. 1999;141:30-36.
4 0 .A l b e rt MS, J ones K, Savage CR, et al.
Predictors of cognitive change in older persons:
M a c A rthur Studies of Successful Aging.
Psychol Aging. 1995;10:578-589.
4 1 .C a llahan CM, H a ll KS , Hui SL, et al.
Relationship of age, education, and occupation
with dementia among a com mu n i ty - b a s e d
sample of Afri can Am e ri ca n s . Arch Ne u ro l .
1996;53:134-140.



22

4 2 .C h i b n a ll JT, E a s twood R. Po s t s e c on d a ry
education and dementia risk in older Jesuit
priests. Int Psychogeriatr. 1998;10:359-368.
43.Evans DA, Beckett LA, Albert MS, et al.
Level of education and change in cognitive
function in a community population of older
persons. Ann Epidemiol. 1993;3:71-77.
44.Fabrigoule C, Letenneur L, Dartigues JF, et al.
Social and leisure activities and risk of dementia:
a prospective longitudinal study. J Am Geri a tr Soc.
1995;43:485-490.
45.Lupien SJ, de Leon M, de Santi S, et al.
C o rtisol levels during human aging pre d i c t
h i p p o campal atro phy and memory deficits.
Nat Neurosci. 1998;1:69-73.
46.Sirevaag AM, Black JE, Shafron D, et al.
D i rect evidence that complex experi e n c e
increases capillary branching and surface area 
in visual cortex of young ra t s . B rain Res.
1988;43:299-304.
47.Snowdon DA, Kemper SJ, Mortimer JA, et al.
Linguistic ability in early life and cognitive function
and Alzheimer’s disease in late life : findings from
the Nun St u d y. J A M A . 1 9 9 6 ; 2 7 5 : 5 2 8 - 5 3 2 .
4 8 .Fa rmer ME, Kittner SJ, Rae DS, et al.
Education and change in cognitive function.
The Epidemiologic Catchment Area St u d y.
Ann Epidemiol. 1995;5:1-7.
4 9 .Wi llis SL, Ne s s e l roade CS. Lon g - t e rm 
effects of fluid ability training in old-old age.
Dev Psychol. 1990;26:905-910.
5 0 .Ve rh aeghen P, M a rcoen A, Goossens L.
I m p roving memory perf o rmance in the aged
t h rough mnemonic tra i n i n g : a meta-analytic study.
Psychol Aging. 1992;7:242-251.
51.Rikli RE, Edwards DJ. Effects of a three-year
e xe rcise pro g ram on motor function and
c o g n i t i ve processing speed in older wom e n .
Res Q Exerc Sport. 1991;62:61-67.
52.Neeper SA, Gomez-Pinilla F, Choi J, et al.
E xe rcise and brain neuro t ro phins [letter].
Nature. 1995;373:109.
53.Blumenthal JA, Emery CF, Madden DJ, et al.
Long-term effects of exercise on psychological
functioning in older men and women. J Gerontol.
1991;46:P352-P361.

5 4 .Bunce DJ, B a r rowclough A, M o r ris I.
The moderating influence of phys i cal fitness on
age gradients in vigilance and serial choice
re s p onding tas k s . P sy chol Ag i n g. 1 9 9 6 ; 1 1 : 6 7 1 - 6 8 2 .
5 5 .K ramer AF, Hahn S, C ohen NJ, et al.
A g i n g, fitness and neuro c o g n i t i ve function .
Nature. 1999;400:418-419.
5 6 .S chooler C, Mulatu MS, Oates G. T h e
continuing effects of substantively complex work
on the intellectual functioning of older workers.
Psychol Aging. 1999;14:483-506.
5 7 .Fu chs E, Uno H, Flugge G. C h ron i c
p s ychosocial stress induces morph o l o g i ca l
alterations in hippocampal pyramidal neurons of
the tree shrew. Brain Res. 1995;673:275-282.
58.Mabry TR, Gold PE, McCarty R. Age-related
changes in plasma ca t e cholamine re s p onses 
to acute swim stre s s . Ne u robiol Learn Mem.
1995;63:260-268.
59.Moe KE, Vitiello MV, Larsen LH, et al.
Sym p o s i u m : C o g n i t i ve processes and sleep
disturbances: sleep/wake patterns in Alzheimer’s
d i s e a s e : re l a t i onships with cognition and
function. J Sleep Res. 1995;4:15-20.
60.Spiegel R, Herzog A, Köberle S. Polygraphic
sleep criteria as predictors of successful aging: an
exploratory longitudinal study. Biol Psychiatry.
1999;45:435-442.
61.Helmer C, Damon D, Letenneur L, et al.
M a rital status and risk of Alzheimer’s disease: a
Fre n ch population-based coh o rt study. Ne u ro l o gy.
1 9 9 9 ;5 3 : 1 9 5 3 - 1 9 5 8 .
62.Devons CA. Suicide in the elderly: how to
identify and treat patients at risk. Geriatrics.
1996;51:67-72.
63.Sheline YI, Sanghavi M, Mintun MA, et al.
D e p re s s i on dura t i on but not age pre d i c t s
hippocampal volume loss in medically healthy
w omen with re c u r rent major depre s s i on .
J Neurosci. 1999;19:5034-5043.
6 4 .Means LW, Higgins JL, Fe rn a n d ez TJ.
Mid-life onset of dietary restriction extends life
and pro l ongs cognitive function i n g. P h y s i o l
Behav. 1993;54:503-508.
6 5 .Behl C, Davis J, Cole GM, et al. Vitamin E pro-
tects nerve cells from amyloid beta protein tox i c i ty.
B i o chem Biophys Res Commun. 1 9 92; 186:944-950.



23

ILC Workshop Report: Achieving and Maintaining Cognitive Vitality with Aging

66.Perrig WJ, Perrig P, Stähelin HB.The relation
between antioxidants and memory performance
in the old and very old. J Am Geriatr Soc.
1997;45:718-724.
67.Grundman M. Vitamin E and Alzheimer’s
disease: the basis for additional clinical trials.
Am J Clin Nutr. 2000;71(suppl):630S-636S.
6 8 . Food and Nu t ri t i on Board , Institute of
Medicine. Dietary Reference Intakes for Vitamin
C, Vitamin E,Selenium,and Carotenoids:A Report
of the Panel on Dietary Antioxidants and Related
Compounds and Interpretation and Uses of Dietary
R ef erence Inta k e s , the Standing Committee on 
the Scientific Evaluation of D i e ta ry Ref ere n c e
Intakes. Washington, DC: National Academy
Press; 2000.
6 9 .C onsensus con fe re n c e . R e h a b i l i t a t i on of
p e r s ons with traumatic brain injury.
N IH Consensus Deve l o pment Panel on
Rehabilitation of Persons With Traumatic Brain
Injury. JAMA. 1999;282:974-983.
70.Matser JT, Kessels AGH, Jordan BD, et al.
Chronic traumatic brain injury in professional
soccer players. Neurology. 1998;51:791-796.
71.Stolerman IP, Mirza NR, Hahn B, et al.
Nicotine in an animal model of attention .
Eur J Pharmacol. 2000;393:147-154.
7 2 .Levin ED, R ezvani AH. D eve l o pment of
nicotinic drug therapy for cognitive disorders.
Eur J Pharmacol. 2000;393:141-146.
73.Baron JA. Beneficial effects of nicotine and
cigarette smoking: the real, the possible and the
spurious. Br Med Bull. 1996;52:58-73.
74.Teri L, Hughes JP, Larson EB.Cognitive dete-
rioration in Alzheimer’s disease: behavioral and
health factors. J Gerontology. 1990;45:P58-P63.
75.Graves AB, van Duijn CM,Chandra TV, et al.
Alcohol and tobacco consumption as risk factors
for Alzheimer’s disease: a coll a b o ra t i ve re - a n a lys i s
of case-control studies. Int J Epidemiol. 1991;
20(suppl):S48-S57.
76.Dufouil C, Ducimetière P, Alpérovitch A.
Sex diffe rences in the association betw e e n
a l c ohol con s u m p t i on and cognitive perf o rm a n c e.
Am J Epidemiol. 1997;146:405-412.

77.Neumark YD, Van Etten ML, Anthony JC.
“A l c ohol dependence” and death: s u rvival analys i s
of the Baltimore ECA sample from 1981 to
1995. Subst Use Misuse. 2000;35:533-549.
7 8 .Fi llit H. Fu t u re therapeutic deve l o pments of
e s t rogen use. J Clin Pharm ac o l . 1 9 9 5 ; 3 5 : 2 5 S - 2 8 S .
7 9 .Wu X, Glinn MA, O s t rowski NL, et al.
Raloxifene and estradiol benzoate both fully
re s t o re hippocampal choline acetyl t ra n s fe ra s e
a c t i v i ty in ov a ri e c t om i zed ra t s . B rain Res.
1999;847:98-104.
80. Wolf OT, Kudielka BM, Hellhammer DH,
Hellhammer J, Kirschbaum C. Opposing effects
of DHEA replacement in elderly subjects on
declarative memory and attention after exposure
to a labora t o ry stre s s o r. P sy ch o n e u ro e n d o c ri n o l o gy.
1998;23:617-629.
81.Rudman D, Feller AG, Nagraj HS, et al.
Effects of human growth hormone in men over
60 years old. N Engl J Med. 1990;323:1-6.
82.Launer LJ, Ross GW, Petrovitch H, et al.
M i dl i fe blood pre s s u re and dementia: t h e
Honolulu-Asia Aging Study. Neurobiol Aging.
2000;21:49-55.
83.Sabatini T, Frisoni GB, Barbisoni P, et al.
At rial fibri ll a t i on and cognitive disorders in
older people. J Am Geriatr Soc. 2000;48:387-390.
84. Di Carlo A, Baldereschi M, Amaducci L, et
a l . C o g n i t i ve impairment without dementia 
in older people: prevalence, vascular risk factors,
impact on disability.The Italian Longitudinal St u d y
on Aging. J Am Geriatr Soc. 2000;48:775-782.
85.Stürmer T, Glynn RJ, Field TS, et al. Aspirin
use and cognitive function in the elderly.
Am J Epidemiol. 1996;143:683-691.
86.Peacock JM, Folsom AR, Knopman DS, et al.
Association of nonsteroidal anti-inflammatory
drugs and aspirin with cognitive performance 
in middle-aged adults. Neuroepidemiology. 1999;
18:134-143.
87.Auperin A, Berr C, Bonithon-Kopp C, et al.
Ul t ra s on o g ra phic assessment of ca rotid wall
ch a ra c t e ristics and cognitive functions in a
c om mu n i ty sample of 59- to 71-ye a r - o l d s .
Stroke. 1996;27:1290-1295.



24

88.Stone WS, Rudd RJ, Gold PE. Am ph e t a m i n e,
ep i n e ph ri n e, and glucose enhancement of m e m o ry
re t ri ev a l . P sy ch o b i o l o gy. 1 9 9 0 ; 1 8 : 2 2 7 - 2 3 0 .
89.Korol DL, Gold PE. Glucose, memory, and
aging. Am J Clin Nutr. 1998;67:764S-771S.
9 0 .Pa r s ons MW, Gold PE . Glucose enhancement
of memory in elderly humans: an inverted-U
d o s e - re s p onse curve . Ne u robiol Ag i n g. 1 9 9 2 ;
13:401-404.
9 1 .Wa n d e ll PE , Tovi J. The quality of life of elderly
diabetic patients. J Diabetes Complica t i o n s . 2000;
14:25-30.
92. Kalaria RN. The role of cerebral ischemia 
in Alzheimer’s disease. Neurobiol Aging. 2000;
21:321-330.
93.Francis PT, Palmer AM, Snape M, et al. The
cholinergic hypothesis of Alzheimer’s disease: a
review of progress. J Neurol Neurosurg Psychiatry.
1999;66:137-147.
94.Knopman DS. Current pharmacotherapies for
A l z h e i m e r’s disease. G eri a tri c s . 1 9 9 8 ; 53(suppl 1):
S31-S34.
95.Giacobini E, Mori F, Lai C-C. The effect of
ch o l i n e s t e rase inhibitors on the secre t i on of
APPS from rat brain cortex. Ann N Y Acad Sci.
1996;777:393-398.
96.Rösler M, Anand R, Cicin-Sain A, et al.
Efficacy and safety of rivastigmine in patients
with Alzheimer’s disease: i n t e rn a t i onal ra n-
d omised con t ro lled tri a l . B M J. 1 9 9 9 ; 3 1 8 : 6 3 3 - 6 3 8 .
9 7 .Rogers SL, Doody RS , M ohs RC , et al.
D on e p ezil improves cognition and global
f u n c t i on in Alzheimer disease: a 15-week,
d o u b l e - b l i n d , p l a c e b o - c on t ro lled study. Arch
Intern Med. 1998;158:1021-1031.
98.Tariot PN, Solomon PR, Morris JC, Kershaw
P, L i l i e n feld S, Ding C. A 5-mon t h , ra n d om i ze d ,
placebo-controlled trial of galantamine in AD.
Neurology. 2000;54:2269-2276.
9 9 .M ae l i cke A, A l b u q u e rque EX . A ll o s t e ri c
modulation of nicotinic acetylcholine receptors
as a treatment strategy for Alzheimer’s disease.
Eur J Pharmacol. 2000;393:165-170.

100.Winblad B, Poritis N. Memantine in severe
d e m e n t i a : results of the 9M-BEST St u d y
(benefit and effica cy in seve re ly demented
patients during treatment with memantine).
Int J Geriatr Psychiatry. 1999;14:135-146.
101.Hampson RE, Rogers G, Lynch G, et al.
Facilitative effects of the ampakine CX516 on
s h o rt - t e rm memory in ra t s : enhancement 
of delaye d - n on m a t ch-to-sample perf o rm a n c e .
J Neurosci. 1998;18:2740-2747.
102.Lauterborn JC, Lynch G, Vanderklish P, et al.
Po s i t i ve modulation of AMPA receptors incre a s e s
n e u ro t ro phin expre s s i on by hippocampal and
c o rt i cal neuron s . J Ne u ro s c i . 2 0 0 0 ; 2 0 : 8 - 2 1 .
103.Avery EE, Baker LD, Asthana S. Potential
role of mu s ca rinic agonists in Alzheimer’s disease.
Drugs Aging. 1997;11:450-459.
104.Cheng DH, Ren H, Tang XC. Huperzine A,
a novel promising acetylcholinesterase inhibitor.
Neuroreport. 1996;8:97-101.
105.Le Bars PL, Katz MM, Berman N, et al.
A placebo-controlled, double-blind, randomized
trial of an extract of Ginkgo biloba for dementia.
JAMA. 1997;278:1327-1332.
106.Yin JC, Tully T. CREB and the formation
of lon g - t e rm memory. C u rr Opin Ne u ro b i o l .
1996;6:264-268.
107.Yin JC, Wallach JS, Del Vecchio M, et al.
I n d u c t i on of a dominant negative CREB tra n s g e n e
s p e c i f i ca lly blocks lon g - t e rm memory in
Drosophila. Cell. 1994;79:49-58.
108.Yin JC, Del Vecchio M, Zhou H, et al. C REB
as a memory modulator: induced expre s s i on of a
dCREB2 activator isoform enhances long-term
memory in Drosophila. Cell. 1995; 81:107-115.
1 0 9 .S chenk D, B a rbour R, Dunn W, et al.
I m mu n i za t i on with amyloid-beta attenuates
Alzheimer-disease-like pathology in the PDA P P
mouse [letter]. Na tu re. 1 9 9 9 ; 4 0 0 : 1 7 3 - 1 7 7 .
110.Sinha S,Lieberburg I. Cellular mechanisms of
b-amyloid production and secretion. Proc Natl
Acad Sci U S A. 1999;96:11049-11053.
1 1 1 .Sa ra govi HU , G e h ring K. D eve l o pment 
of ph a rm a c o l o g i cal agents for targeting
n e u ro t ro phins and their re c e p t o r s . Tre n d s
Pharmacol Sci. 2000;21:93-98.



25

112.Middlemiss PJ, Glasky AJ, Rathbone MP, et
a l . A IT- 0 8 2 , a unique purine deri v a t i ve,
enhances nerve growth factor mediated neurite
o u t g rowth from PC12 cell s . Ne u rosci Lett.
1995;199:131-134.
113.Maroney AC, Glicksman MA, Basma AN, et
al. Motoneuron apoptosis is blocked by CEP-
1347 (KT 7515), a novel inhibitor of the JNK
signaling pathway. J Neurosci. 1998;18:104-111.
114.Glasky AJ, Melchior CL, Pirzadeh B, et al.
Effect of AIT-082, a purine analog, on working
memory in normal and aged mice. Pharmaco
Biochem Behav. 1994;47:325-329.
1 1 5 .McEwen BS. C l i n i cal rev i ew 108:The molecular
and neuroanatomical basis for estrogen effects in
the central nervous system. J Clin Endocrinol
Metab. 1999;84:1790-1797.
116.Matthews K, Cauley J, Yaffe K, Zmuda JM.
E s t rogen replacement therapy and cognitive
d e cline in older com mu n i ty wom e n . J Am
Geriatr Soc. 1999;47:518-523.
117.Tang MX, Jacobs D, Stern Y, et al. Effect of
oestrogen during menopause on risk and age at
onset of Alzheimer’s disease. L a n c e t . 1 9 9 6 ;
348:429-432.
118.Yaffe K, Sawaya G, Lieberburg I, Grady D.
Estrogen therapy in postmenopausal women:
e f fects on cognitive function and dementia.
JAMA. 1998;279:688-695.
119.Mulnard RA, Cotman CW, Kawas C, et al.
Estrogen replacement therapy for treatment of
mild to moderate Alzheimer disease: a ra n d om i ze d
con t ro lled tri a l . A l z h e i m e r’s Disease Coopera t i ve
St u d y. J A M A . 2 0 0 0 ; 2 8 3 : 1 0 0 7 - 1 0 1 5 .
1 2 0 .Sh e rwin BB. Mild cognitive impairm e n t :
potential ph a rm a c o l o g i cal treatment option s .
JAGS. 2000;48:431-441.
1 2 1 .Sh e rwin BB. Sex horm ones and psych o l o g i ca l
f u nc t i oning in postmenopausal wom e n . E x p
Gerontol. 1994;29:423-430.
122.Wang PN, Liao SQ, Liu RS, et al. Effects of
estrogen on cognition, mood, and cerebral blood
f l ow in AD: a con t ro lled study. Ne u ro l o gy.
2000;54:2061-2066.

123.Alexander GM, Swerdloff RS, Wang C, et al.
Androgen-behavior correlations in hypogonadal
men and eugonadal men. II. Cognitive abilities.
Horm Behav. 1998;33:85-94.
124.Alexander GM, Swerdloff RS, Wang C, et al.
Androgen-behavior correlations in hypogonadal
men and eugonadal men. I. Mood and response
to auditory sexual stimu l i . Ho rm Behav.
1997;31:110-119.
125.Brzezinski A. Melatonin in humans. N Engl 
J Med. 1997;336:186-195.
126.Hermann M, Berger P. Hormone replacement
in the aging male? Exp Gero n t o l . 1 9 9 9 ; 3 4 : 9 2 3 - 9 3 3 .
127.McGeer PL, McGeer E, Rogers J, Sibley J.
Anti-inflammatory drugs and Alzheimer disease
[letter]. Lancet. 1990;335:1037.
1 2 8 .M a ckenzie IR, Munoz DG . Non s t e ro i d a l
anti-inflammatory drug use and Alzheimer-type
pathology in aging. Neurology. 1998;50:986-990.
129. Sano M, Ernesto C, Thomas RG, et al. A
controlled trial of selegiline, alpha-tocopherol,or
both as treatment for Alzheimer’s disease. N
Engl J Med. 1997;336:1216-1222.
130.Pratico D, Delanty N. Oxidative injury in
diseases of the central nervous system: focus on
A l z h e i m e r’s disease. Am J Med. 2 0 0 0 ; 1 0 9 : 5 7 7 - 5 8 5 .
1 3 1 .Fisher DL. C o g n i t i ve aging and adaptive
technologies. In: Stern PC, Carstensen L, eds.
The Aging Mind: O p p o rtunities in Cognitive
Research. Washington, DC: National Academy
Press; 2000:166-188.
132. National Institute on Aging. Progress Report
on Alzheimer’s Disease, 1 9 9 8 . Ava i l a ble at:
h t tp : / / w w w. a l z h e i m e r s . o r g / p r 9 8 . h t m l .
Accessed on October 30, 2000.



26

IN S T I T U T E F O R T H E ST U D Y O F AG I N G

ES T EE LAU D ER

LE O NA RD A . LAU D ER

RO NA L D S . LAU D ER

HOWA RD M . FI LLIT, M . D.
RO B ERT N . BUT LER, M . D.

JU LI A GRE G O RY

ILC - USA BO A R D O F DI R E C T O R S

LAU RA N C E S . ROC KEF ELLER

Ho n o ra ry Chair

RO B ERT N . BUT LER, M . D.
MA RY CA RS W ELL

CH RI S TI N E K . CA S S EL, M . D.
EV ERETT E DEN N I S, PH. D. ( ex officio)

SU S A N W. DRY F OO S

LLOY D FRA N K

AN N I E GLEN N

SENATO R JO H N GLEN N

LAW REN C E K . GRO S S M A N

RAY M O N D L . HA N D LA N

RO B ERT HO R M AT S

TA S N EEM IS M A I L J I

RO S E KLEI N ER

LI N DA P. LA M B ERT

LASA LLE D. LEF FA LL, JR. , M . D.
MAX LI N K, PH. D.

EV ELY N ST EFA N S S O N NEF

ART HU R RU B EN S T EI N, M B B Ch
JO S EPH E . SM IT H

AL F RED R. ST ER N

CAT H A RI N E R. STI M P S O N, PH. D.
JA M ES H . STO N E

MEL ZU C KER M A N

JO H N F. ZW EI G

DI R E C T O R S O F I L C IN T E R N AT I O N A L CE N T E R S

SHI G E O MO RI O KO, I LC JA PA N

FRA N CO I S E FO RETT E, M . D. , I LC - FRA N C E

BA RO N ES S SA LLY GREEN G RO S S, I LC - U K
RO S Y PEREY RA ARI ZA, M . D. , I LC - DO M I N I CA N REP U B LI C



27



28

C o p yri g h t © 2001
IN S TITUT E F O R T H E STU DY O F AG I N G

IN T ER NATI O NA L LO N G EV ITY CEN T ER— U S A

Single copies are free.
Multiple copies are $3.00 each.



29




