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Preface

Over the past few decades, Alzheimer’s disease
has emerged from obscurity. Once considered
a rare disorder, it is now seen as a major public
health problem that has a severe impact on

millions of older Americans and their families.

Research on Alzheimer’s disease has grown
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accordingly. The small group of pioneers who

conducted research on the disease in the 1970s
has expanded to thousands of scientists in lab-

oratories and institutions all over the world.

The lead agency for Alzheimer’s research at
the National Institutes of Health (NIH) is the
National Institute on Aging (NIA), which
launched its Alzheimer’s disease program in
1978. Since then, the study of this disease has
become one of NIA’s top priorities. Several
other NIH institutes also conduct and sponsor
studies on Alzheimer’s disease, including the
National Institute of Neurological Disorders
and Stroke, the National Institute of Mental
Health, and the National Institute of Nursing
Research.

In the private sector, the Alzheimer’s
Association, other voluntary organizations,
and private industry are also working to com-
bat this disease. They fund research, con-
tribute to public policy decisions, inform and
educate the public, and provide critical servic-
es to people with Alzheimer’s disease and their
families. Their support for research is critical
in the effort to understand and defeat this dis-
order.

Thanks to these many groups, the study of
Alzheimer’s disease is moving ahead rapidly.
This booklet explains what Alzheimer’s disease
is, describes what we have learned to date, and
provides a glimpse into future directions for

research.
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INtroduction

ften, Mary was afraid, a nameless, shapeless fear. Her impaired mind

could not put a name or an explanation to her fear. People came,

memories came, and then they slipped away. She could not tell what

was reality and what was memory of people past. The bathroom was not

where it was yesterday. Dressing became an insurmountable ordeal....Mary

gradually lost the ability to make sense out of what her eyes and ears told

her....She worried about her things: a chair, and the china that had belonged

to her mother. They said they had told her over and over, but she could not

remember where her things had gone. Perhaps someone had stolen them. She

had lost so much....

Mary was glad when her family came to visit. Sometimes she remembered

their names; more often she did not. She never remembered that they had

come last week, so she regularly scolded them for abandoning her....She was

glad when they didn’t try to remind her of what she had just said or that they

had come last week, or ask her if she remembered this person or that one. She
liked it best when they just held her and loved her.

This excerpt from The 36-Hour Day, a book
for families and caregivers of people with
Alzheimer’s disease (AD) and other similar
diseases, gives a glimpse into what an
Alzheimer’s patient might be thinking and
feeling. The gradual slipping away of mind
and memory is frightening and frustrating,
both for the person with the disease and for
family and friends. Not so long ago, we
couldn’t do much for Mary or others like
her. Happily, that situation is changing.
Thousands of scientists, voluntary organiza-
tions, health care professionals, and families
are working hard to learn more about

4 Alzheimer's Disease: Unraveling the Mystery

Alzheimer’s. They are also finding ways to
manage, treat, and eventually perhaps, prevent
this terrible disease.

Alzheimer’s is an irreversible, progressive
brain disease that slowly destroys memory and
thinking skills, eventually even the ability to
carry out the simplest tasks. Although the risk
of developing AD increases with age — in most
people with AD, symptoms first appear after
age 60 — AD is not a part of normal aging. It
is caused by a disease that affects the brain. In
the absence of disease, the human brain often
can function well into the tenth decade of life.
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INntroduction

The Impact of
Alzheimer’s Disease

AD is the most common cause of dementia

among people age 65 and older. Dementia is

the loss of memory, reason, judgment, and

language to such an extent that it interferes

with a person’s daily life and
activities. It is not a disease
itself, but a group of symp-
toms that often accompanies
a disease or condition.

AD is a major public
health problem for the
United States because it has

such a huge impact on indi-
viduals, families, the health care system, and
society. Scientists estimate that up to 4 mil-
lion people now have AD. For every 5-year
age group beyond 65, the percentage of people
with AD doubles.

More than 34 million people are now age
65 or older. This number is 13 percent of the
total population of the U.S. The percentage
of people over age 65 will increase rapidly over
the next few years as the “baby boom” genera-
tion reaches 65. In addition, the group of peo-
ple over 85 — the group with the highest risk of
Alzheimer’s disease — is the fastest growing seg-
ment of the population. By 2050, 14 million
older Americans are expected to have
Alzheimer’s disease if the current numbers
hold and no preventive treatments become

available.
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Slightly more than half of those with AD are
cared for at home, while the rest are in differ-
ent kinds of care facilities. A recent study esti-
mated that the annual cost of caring for one
person with AD in 1996 was between $18,400
and $36,100, depending on how advanced the
disease was and whether or not the person was
at home. The cost of care has been steadily
rising since then. The national cost of caring
for people with AD is now thought to be about
$100 billion every year.

The cost of care is not only financial.
Families, friends, and caregivers struggle with
great emotional and physical stress as they
cope with the physical and mental changes in
their loved ones. Caregivers must juggle many
responsibilities and adjust to new and chang-
ing roles. As the disease gets worse and caring
at home becomes increasingly difficult, family
members face difficult decisions about long-
term care. The number of caregivers — and
their needs — will steadily grow as our popula-
tion ages and the number of people with AD

increases.




How Many New Cases of AD Were There in 199572
How Many New Cases May Occur in the Future?

Researchers recently projected the number of new cases of AD that could
occur every year over the next 50 years if current population trends continue
and no preventive treatments emerge. They estimate that the number of new
cases every year will double between 1995 and 2050 — from 377,000 to
959,000. Two factors will combine to cause this large increase:

The fact that the risk of AD increases as people get older.
The growing numbers of older people, especially those over 85.

The annual number of new cases will begin to climb sharply around the year
2040, when all the baby boomers will be over 65.

Estimated Number of New AD Cases, in Thousands

1000 — 959
)

820
800 — ()

615
600 — ()

491
454 —

400- 377 ()

200 —

0 =
1995 2000 2010 2020 2030 2040 2050

Source: Hebert et al. (2001). Alzheimer Dis Assoc Disord, 15(4), 169-173. j

Alzheimer’s Disease: Unraveling the Mystery 7



INtroduction

Unraveling the Mystery

Thinking about Alzheimer’s disease leads to
questions such as: Will I get it? What causes
it? What can be done to cure it or prevent it?
Scientists ask the same types of questions, and
this booklet describes their search for answers.
It is written for people with AD, their family
members, friends, and caregivers, and anyone

else interested in AD.

-

Where Are People with Alzheimer’s

Disease Cared For?

Home

Assisted living facilities (those in the early stages)
Nursing homes

Special care units

8 Alzheimer’s Disease: Unraveling the Mystery

Unraveling the Mystery has two sections. Part
1 gives readers the basics — it’s a “walking tour”
through the brain. Illustrations with text show
what a healthy brain looks like and how it
works, and what happens in a brain affected by
AD. Part 2 talks about current research and
the advances that are bringing us closer to
ways of managing, and eventually defeating,
AD. Throughout, terms in bold are defined in
a glossary at the end of the booklet.

The end of the booklet also includes a list of
publications and resources that family mem-
bers and caregivers may find useful as they live
day-to-day with the disease.

A booklet like this would not have been
possible 25 years ago. Other than some basics,
we knew very little about AD. We did not
even know it was a distinct disease, different
from normal aging. Today, we know much
more about Alzheimer’s disease — what it is,
who gets it, how it develops, and what course
it follows. We are better able to diagnose it
early and accurately. We even have some
promising leads on possible treatments.
Recent studies are also beginning to focus on
factors that might be used to reduce a person’s
risk of developing AD in the future. Research
conducted over the last two decades has deep-
ened our understanding of this devastating dis-
ease. It also has expanded our knowledge of
brain function in healthy older people and
identified ways we might lessen normal age-

related declines in mental function.
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Partl A Walking Tour

Through the Brain

he brain is a remarkable organ. Seemingly

without any effort, it allows us to carry out
every element of our daily lives. It manages
many of the body functions that happen with-
out our knowledge or direction, such as breath-
ing, blood circulation, and digestion. It also
directs all the functions we carry out conscious-
ly. We can speak, move, see, remember, feel
emotions, and make decisions because of the
complicated mix of chemical and electrical

processes that take place in our brains.

Our brains are made of nerve cells and lots of
other cell types. Nerve cells are also called
neurons. The neurons of all animals function
in basically the same way, even though animals
can be very different from each other. What
sets people apart from other animals is the huge
number of nerve cells we have in the cerebral
cortex, regions of which are proportionally
much larger in humans than in any other ani-
mals. These regions are the parts of the brain
where cognitive functions, like thinking, learn-
ing, speaking, remembering, and making deci-
sions, take place. The many interconnections
among the nerve cells in these regions also
make us different from other animals.

To understand Alzheimer’s disease, it’s impor-
tant to know a bit about the brain. Part 1 of
Unraveling the Mystery first gives an inside view
of the normal brain, how it works, and what
happens during aging. Then, it shows what
happens to the brain in Alzheimer’s and how
the disease slowly destroys a person’s mental

and physical capacities.

the Brain’s Vital Statistics
|

Adult weight: about 3 pounds

Adult size: a medium cauliflower

Number of neurons: 100,000,000,000 (100 billion)
Number of synapses (the gap between neurons):
100,000,000,000,000 (100 trillion)

Alzheimer’s Disease: Unraveling the Mystery 10




Insidethe

The Three Main Players

The cerebral hemispheres accounts for 85
percent of the brain’s weight. The billions of
neurons in the two hemispheres are connected
by a thick bundle of nerves called the corpus
callosum. Scientists now think that the two
hemispheres differ not so much in what they
focus on (the “logical versus artistic” notion),
but how they process information. The left
hemisphere appears to focus on the details
(such as recognizing a particular face in a
crowd). The right hemisphere focuses on the
broad background (such as understanding the
relative position of objects in a space). The
cerebral hemispheres have an outer layer
called the cerebral cortex. This is where the
brain processes sensory information received
from the outside world, controls voluntary
movement, and regulates conscious thought

and mental activity.

11 Alzheimer’s Disease: Unraveling the Mystery

Brain

The cerebellum takes up a little more than
10 percent of the brain. It’s in charge of bal-
ance and coordination. The cerebellum also
has two hemispheres. They are always receiv-
ing information from the eyes, ears, and mus-
cles and joints about the body’s movements
and position. Once the cerebellum processes
the information, it works through the rest of
the brain and spinal cord to send out instruc-
tions to the body. The cerebellum’s work
allows us to walk smoothly, maintain our bal-
ance, and turn around without even thinking
about it.



Corpus Callosum Cerebral Cortex

Thalamus

Hypothalamus

Hippocampus [ ;4‘,

Cerebellum

Brain Stem

Side View of the Brain



The brain stem sits at the base of the

brain. It connects the spinal cord with the
rest of the brain. Even though it’s the smallest
of the three main players, its functions are cru-
cial to survival. The brain stem controls the
functions that happen automatically to keep
us alive — our heart rate, blood pressure, and
breathing. It also relays information between
the brain and the spinal cord, which then
sends out messages to the muscles, skin, and
other organs. Sleep and dreaming are also
controlled by the brain stem.

Other Crucial Parts

Several other essential parts of the brain lie
deep inside the cerebral hemispheres:

The limbic system links the brain stem
with the higher reasoning elements of the
cerebral cortex. It controls emotions and
instinctive behavior. This is also where the
sense of smell is located.

The hippocampus is important for learning
and short-term memory. This part of the brain
is considered to be the site where short-term
memories are converted into long-term memo-

ries for storage in other brain areas.

The thalamus receives sensory and limbic
information, processes it, and then sends it to

the cerebral cortex.

The hypothalamus is a structure under the
thalamus that monitors activities like body
temperature and food intake. It issues instruc-
tions to correct any imbalances. The hypo-
thalamus also controls the body’s internal
clock.

Alzheimer's Disease: Unraveling the Mystery 13



Insidethe Brain

The Brain in Action

New imaging techniques allow scientists to
monitor brain function in living people. This Hearing Words
is opening up worlds of knowledge about nor-
mal brain function and how it changes with

age or disease.

One of these techniques is called positron
emission tomography, or PET scanning. PET
scans measure blood flow and glucose metabo-
lism throughout the brain. (For more on
metabolism see Neurons and Their Jobs on
p. 16.) When nerve cells in a region of the
brain become active, blood flow and metabo- Speaking Words
lism in that region increase. These increases
are usually shown as red and yellow colors on a
PET scan. Shades of blue and black indicate
decreased or no activity within a brain region.
In essence, a PET scan produces a “map” of
the active brain.

Scientists use PET scans to see what happens
in the brain when a person is engaged in a

physical or mental activity, at rest, or even

Seeing Words

sleeping or dreaming. Scientists can also
inject chemicals tagged with a tracer that will
“light up” on PET scans. These tracers can
track the activity of brain chemicals, for exam-
ple neurotransmitters such as dopamine and
serotonin. Some of these neurotransmitters
are altered with age, disease, and drug

treatment.

Thinking about Words

14 Alzheimer’s Disease: Unraveling the Mystery



PET Scan of 20-year-old Brain

The Aging Brain

As a person gets older, changes occur in all
parts of the body, including the brain:

Some neurons shrink, especially large ones
in areas important to learning, memory, plan-

ning, and other complex mental activities.

Tangles and plaques develop in neurons
and surrounding areas, though in much smaller
amounts than in AD (see p. 20 for more on
plaques and tangles).

Damage by free radicals increases (free
radicals are a kind of molecule that reacts easi-
ly with other molecules; see p. 36 for more on
these molecules).

PET Scan of 80-year-old Brain

What is the impact of these changes?
Healthy older people may notice a modest
decline in their ability to learn new things and
retrieve information, such as remembering
names. They may perform worse on complex
tasks of attention, learning, and memory.
However, if given enough time to perform the
task, the scores of healthy people in their 70s
and 80s are often the same as those of young
adults. As they age, adults also often improve
their vocabulary and other forms of verbal
knowledge.

Alzheimer's Disease: Unraveling the Mystery 15



Neuronsand

he human brain is made up of billions of

neurons. Each has a cell body, an axon,
and many dendrites. The cell body contains a
nucleus, which controls all of the cell’s activi-
ties, and several other structures that perform
specific functions. The axon, which is much,
much narrower than the width of a human
hair, extends out from the cell body and trans-
mits messages to other neurons. Sometimes,
the messages have to travel over very long dis-
tances (even up to 5 feet!). Dendrites also
branch out from the cell body. They receive
messages from the axons of other nerve cells.
Each nerve cell is connected to thousands of
other nerve cells through its axon and den-
drites. Neurons are surrounded by glial cells,
which support, protect, and nourish them.

Groups of neurons in the brain have special
jobs. For example, some are involved with
thinking, learning, and memory. Others are
responsible for receiving sensory information.
Still others communicate with muscles, stimu-
lating them into action.

Several processes all have to work smoothly
together for neurons to survive and stay
healthy. These processes are communication,

metabolism, and repair.

16 Alzheimer’s Disease: Unraveling the Mystery

Jobs

Communication:
Sending Millions of
Messages a Second

Imagine the telecommunication cables that
run under our streets. All day and night, mil-
lions of telephone calls are flashing down fiber
optic cables at incredible speeds, letting people
strike deals, give instructions, share a laugh, or
learn some news. Multiply that many-fold and
that’s the brain. Neurons are the great com-
municators, always in touch with their neigh-

bors.

As a neuron receives messages from sur-
rounding cells, an electrical charge, or nerve
impulse, builds up. This charge travels down
the axon until it reaches the end. Here, it
triggers the release of chemical messengers
called neurotransmitters, which move from
the axon across a tiny gap to the dendrites or
cell bodies of other neurons. The typical
neuron has up to 15,000 of these tiny gaps, or
synapses. After they move across the synapse,
neurotransmitters bind to specific receptor
sites on the receiving end of dendrites of the
nearby neurons. They can also bind directly
to cell bodies.

Once the receptors are activated, they open
channels through the cell membrane into the
receiving nerve cell’s interior or start other
processes that determine what the receiving
nerve cell will do. Some neurotransmitters
inhibit nerve cell function (that is, they make
it less likely that the nerve cell will send an



electrical signal down its axon). Other neuro-
transmitters stimulate nerve cells; they prime
the receiving cell to become active or send an
electrical signal down the axon to more neu-

rons in the pathway.

During any one moment, millions of these o
signals are speeding through pathways in the s R . i o g
brain, allowing it to receive and o G
process information, make
?djustm.ents, and s.end out Dendrites
instructions to various
parts of the body. If
neurons are discon-
nected, they become

sick and may die. s
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Neuronsand

REST SHORT
STIMULATION
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This figure shows young and aged rat neurons at rest and with increasing
duration of stimulation. When neurons are stimulated, metabolism increases.
The stimulated neurons of young rats maintain calcium within normal levels.
Older rats are unable to do this. High levels of calcium in old neurons may
make them susceptible to dysfunction and death. The color scale is an index
of cellular calcium with red indicating the highest levels.

Metabolism: Turning
Chemicals and Nutrients
Into Energy to Keep
Neurons Working

Metabolism is the process by which cells and
molecules break down chemicals and nutrients

to generate energy and form building blocks

that make new cellular molecules like proteins.

18 Alzheimer’s Disease: Unraveling the Mystery

Efficient metabolism needs enough blood cir-
culating to supply the cells with oxygen and
glucose, a type of sugar. Glucose is the only
source of energy usually available to the brain.

Without oxygen or glucose, neurons will die.



Repair: Keeping Long-
lived Neurons in Good
Working Order

Unlike most cells, which have a fairly short
lifespan, nerve cells, which are generated in
the fetus or a short time after birth, live a long
time. Brain neurons can live for up to 100
years or longer. In an adult, when neurons die

ly replaced. Recent research, however, shows
that in a few brain regions, new neurons can
be born, even in the old brain.

To prevent their own death, living neurons
must constantly maintain and remodel them-
selves. If cell cleanup and repair slows down
or stops for any reason, the nerve cell cannot
function well. Eventually, it dies.

because of disease or injury, they are not usual-

This figure shows the effects of
exercise on levels of brain-derived
neurotrophic factor (BDNF) in the
hippocampus of rats. Growth fac-
tors like BDNF help many neurons
survive. Levels of the message
that makes BDNF are much higher
in exercising rats (A) than in
sedentary animals (B). Exercise
may promote healthy neurons in
rats by causing their neurons to
make more protective BDNF. Red
and yellow denote the highest lev-
els of BDNF, while green and blue
denote the lowest.

Alzheimer's Disease: Unraveling the Mystery 19



Plaquesand
theHallmarksof

Izheimer’s disease disrupts each of the

three processes that keep neurons
healthy: communication, metabolism, and
repair. This disruption causes certain nerve
cells in the brain to stop working, lose connec-
tions with other nerve cells, and finally, die.
The destruction and death of nerve cells caus-
es the memory failure, personality changes,
problems in carrying out daily activities, and
other features of the disease.

The brains of AD patients have an abun-
dance of two abnormal structures — beta-
amyloid plaques and neurofibrillary tangles.
This is especially true in certain regions of the
brain that are important in memory. Plaques
are dense, mostly insoluble (cannot be dis-
solved) deposits of protein and cellular materi-
al outside and around the neurons. Tangles
are insoluble twisted fibers that build up inside
the nerve cell. Though many older people
develop some plaques and tangles, the brains
of AD patients have them to a much greater
extent. Scientists have known about plaques
and tangles for many years, but recent research
has shown much about what they are made of,
how they form, and their possible roles in AD.

20 Alzheimer’s Disease: Unraveling the Mystery

Amyloid Plaques

Plaques are made of beta-amyloid, a protein
fragment snipped from a larger protein called
amyloid precursor protein (APP). These
fragments clump together and are mixed with
other molecules, neurons, and non-nerve cells.
In AD, plaques develop in the hippocampus, a
structure deep in the brain that helps to
encode memories, and in other areas of the
cerebral cortex that are used in thinking and
making decisions. We still don’t know
whether beta-amyloid plaques themselves
cause AD or whether they are a by-product of
the AD process. We do know that changes in
APP structure can cause a rare, inherited form

of AD (see p. 33 for more on inherited AD).

An AD Plaque



From APP to Beta-amyloid

APP is a protein that appears to be important
in helping neurons grow and survive. APP

may help damaged neurons repair themselves

APP is associated with the cell membrane, the thin bar-
rier that encloses the cell. After it is made, APP sticks
through the neuron’s membrane, partly inside and partly
outside the cell.

and may help parts of neurons grow after brain
injury. In AD, something causes APP to be
snipped into fragments, one of which is called
beta-amyloid; the beta-amyloid fragments
eventually clump together into plaques.

Enzymes (substances that cause or speed up a chem-
ical reaction) act on the APP and cut it into fragments
of protein, one of which is called beta-amyloid.

Beta-Amylo®
~ Plaque

The beta-amyloid fragments begin coming together into
clumps outside the cell, then join other molecules and
non-nerve cells to form insoluble plaques.

Alzheimer's Disease: Unraveling the Mystery 21
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Microtubules




Microtubule Subunits
Fall Apart

'y Tangled Clumps
] / of Tau Proteins

Neurofibrillary Tangles

Healthy neurons have an internal support
structure partly made up of structures called
microtubules. These microtubules act like
tracks, guiding nutrients and molecules from
the body of the cell down to the ends of the
axon and back. A special kind of protein, tau,
makes the microtubules stable. In AD, tau is
changed chemically. It begins to pair with
other threads of tau and they become tangled
up together. When this happens, the micro-
tubules disintegrate, collapsing the neuron’s
transport system. This may result first in mal-
functions in communication between neurons
and later in the death of the cells.

Alzheimer’s Disease: Unraveling the Mystery 23
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Alzheimer’s

o one knows exactly what causes the

Alzheimer’s disease process to begin or
why some of the normal changes associated
with aging become so much more extreme and
destructive in patients with the disease. We
do know a lot, however, about what happens
in the brain once AD takes hold and about the

PET Scan of Normal Brain

24 Alzheimer’s Disease: Unraveling the Mystery

N

physical and mental changes that occur over
time. The time from diagnosis to death varies
— as little as 3 years if the patient is over 80
when diagnosed, as long as 10 or more years if
the patient is younger. Although the course of
AD is not the same in every patient, symptoms

seem to develop over the same general stages.

PET Scan of Alzheimer’s Disease Brain



Preclinical AD

AD begins in the entorhinal cortex, which is
near the hippocampus and has direct connec-
tions to it. It then proceeds to the hippocam-
pus, the structure that is essential to the forma-
tion of short-term and long-term memories.
Affected regions begin to atrophy (shrink).
These brain changes probably start 10 to 20

Cerebral

Cortex ‘

Hippocampus ~ Entorhinal
Cortex

years before any visible signs and symptoms

appear. Memory loss, the first visible sign, is
the main feature of mild cognitive impairment
(MCI) (see p. 41 for more on MCI). Many
scientists think MCI is often an initial, transi-

tional phase between normal brain aging and

AD.

Alzheimer’s Disease: Unraveling the Mystery 25
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theChanging

Mild AD

As the disease begins to affect the cerebral cor-
tex, memory loss continues and changes in
other cognitive abilities emerge. The clinical
diagnosis of AD is usually made during this
stage. Signs of mild AD can include:

Memory loss

Confusion about the location of familiar
places (getting lost begins to occur)
Taking longer to accomplish normal
daily tasks

Trouble handling money and paying bills
Poor judgment leading to bad decisions
Loss of spontaneity and sense of initiative
Mood and personality changes,

increased anxiety

Cortical Shrinkage f

Shrinkage of
Hippocampus

26 Alzheimer’s Disease: Unraveling the Mystery

The growing number of plaques and tangles
first damage areas of brain that control memo-
ry, language, and reasoning. It is not until
later in the disease that physical abilities
decline. This leads to a situation in mild AD
in which a person seems to be healthy, but is
actually having more and more trouble making
sense of the world around him or her. The
realization that something is wrong often
comes gradually because the early signs can be
confused with changes that can happen nor-
mally with aging. Accepting these signs and
deciding to go for diagnostic tests can be a big
hurdle for patients and families to cross.

Moderately 1 :
Enlarged
Ventricles




Moderate AD

By this stage, AD damage has spread further to
the areas of the cerebral cortex that control
language, reasoning, sensory processing, and
conscious thought. Affected regions continue
to atrophy and signs and symptoms of the dis-
ease become more pronounced and wide-
spread. Behavior problems, such as wandering
and agitation, can occur. More intensive
supervision and care become necessary, and
this can be difficult for many spouses and fami-
lies. The symptoms of this stage can include:

Increasing memory loss and confusion
Shortened attention span

Problems recognizing friends and
family members

Difficulty with language; problems with
reading, writing, working with numbers
Difficulty organizing thoughts and
thinking logically

Inability to learn new things or to cope
with new or unexpected situations
Restlessness, agitation, anxiety, tearfulness,
wandering — especially in the late
afternoon or at night

Repetitive statements or movement,
occasional muscle twitches

Hallucinations, delusions, suspiciousness
or paranoia, irritability

Loss of impulse control (shown through
sloppy table manners, undressing at
inappropriate times or places, or

vulgar language)

Perceptual-motor problems (such as
trouble getting out of a chair or setting

the table)

Behavior is the result of complex brain
processes, all of which take place in a fraction
of a second in the healthy brain. In AD, many
of these processes are disturbed, and this is the
basis for many distressing or inappropriate
behaviors. For example, a person may angrily
refuse to take a bath or get dressed because he
does not understand what his caregiver has
asked him to do. If he does understand, he
may not remember how to do it. The anger is
a mask for his confusion and anxiety. Or, a
person with AD may constantly follow her
husband or caregiver and fret when the person
is out of sight. To a person who cannot
remember the past or anticipate the future, the
world around her can be strange and frighten-
ing. Sticking close to a trusted and familiar
caregiver may be the only thing that makes
sense and provides security. Taking off clothes
may seem reasonable to a person with AD who
feels hot and doesn’t understand or remember
that undressing in public is not acceptable.
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theChanging inAlzheimer’s

Severe AD

In the last stage of AD, plaques and tangles are
widespread throughout the brain, and areas of
the brain have atrophied further. Patients
cannot recognize family and loved ones or
communicate in any way. They are completely
dependent on others for care. All sense of self

seems to vanish. Other symptoms can include:

Extreme Shrinkage of
Cerebral Cortex

Extreme
Shrinkage of
Hippocampus
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Weight loss

Seizures, skin infections, difficulty
swallowing

Groaning, moaning, or grunting

Increased sleeping

Lack of bladder and bowel control

At the end, patients may be in bed much or
all of the time. Most people with AD die from
other illnesses, frequently aspiration pneumo-
nia. This type of pneumonia happens when a

person is not able to swallow properly and

breathes food or liquids into the lungs. i - ke

Severely
Enlarged




/ Preclinical AD

Y

Mild to
/ Moderate AD

J Severe AD

Blue indicates areas affected at various stages of AD.
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Part -~ AD Research: Finding New
Answers and Asking Better Questions

n the past 25 years, scientists have studied

Alzheimer’s disease from many angles.
They’ve looked at populations to see how
many cases of AD occur and whether there
might be links between the disease and
lifestyles or genetic backgrounds. They’ve
conducted clinical studies with healthy older
people and those at various stages of AD.
They’ve examined individual nerve cells to
see how beta-amyloid and other molecules
affect the ability of cells to function normally.

These studies have led to better diagnostic
tests, new ways to manage behavioral aspects
of AD, and a growing number of possible drug
treatments. Findings from current research are
pointing scientists in promising directions for
the future. They are also helping researchers
ask better questions about the issues that are
still unclear.

Part 2 of Unraveling the Mystery describes
what we’re learning from our search for:

The causes of AD

New techniques to help in diagnosis
New treatments

Ways to improve support for families and
other caregivers

Results from this research will bring us clos-
er to the day when we will be able to prevent
or even cure the devastating disease that robs
our older relatives and friends of their most

precious possession — their minds.

What We Didn’t Know Then

15 Years Ago
We didn’t know any of the
genes that could cause AD.

We had no idea of the bio-
logical pathways that were
involved in the development of
damage to the brain in AD.

10 Years Ago
We couldn’t model the dis-
ease in animals.

5 Years Ago
NIH did not fund any pre-
vention clinical trials.

We had no way to identify
people at high risk of develop-
ing AD.

1 Year Ago

We didn’t understand any-
thing about how plaques and
tangles relate to each other.

-

Then and Now: the Fast Pace of
Developments in AD Research

What We Know Now (2002)

We know the 3 major genes
for early-onset AD and 1 of the
major risk factor genes for
late-onset AD.

We know a lot about the
pathways that lead to the
development of beta-amyloid
plaques in the brain — one of
the main features of AD.

Scientists have developed
special kinds of mice that pro-
duce beta-amyloid plaques.

NIH is funding clinical trials
that are looking at possible
ways to prevent AD.

We can identify individuals
at high risk through imaging,
neuropsychological tests, and
structured interviews.

By developing another kind
of mice that have both plaques
and tangles, we now know
that plaques can influence the
development of tangles.

)
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theSearchfor

One of the most important parts of unrav-
eling the AD mystery is finding out what
causes the disease. What makes the disease
process begin in the first place? What makes it
worse over time? Why does the number of
people with the disease increase with age?
Why does one person develop it and another

remain healthy?

Some diseases, like measles or pneumonia,
have clear-cut causes. They can be prevented
with vaccines or cured with antibiotics.
Others, such as diabetes or arthritis, develop
when genetic, lifestyle, and environmental fac-
tors work together to cause a disease process to
start. The importance of each one of these fac-
tors may be different for each individual.

AD fits into this second group of diseases.
We don’t yet fully understand what causes AD,
but we know it develops because of a complex
series of events that take place in the brain
over a long period of time. Many studies are
exploring the factors involved in the cause and

development of AD.

Genetic Factors
at Work in AD

In the last few years, painstaking detective
work by scientists has paid off in discoveries of
genetic links to the two main types of AD.
One type is the more rare, early-onset
Alzheimer’s disease. It usually affects people
aged 30 to 60. Some cases of early-onset dis-
ease are inherited and are called familial AD
(FAD). The other is late-onset Alzheimer’s

disease. It is the most common form and

occurs in those 65 and older.
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DNA, Chromosomes, and Genes:

the Body's Amazing Control Center

The nucleus of almost every human cell contains a vast
chemical information database. This database carries all
the instructions the cell needs to do its job. This database
is DNA. DNA exists as two long, intertwined, thread-like
strands packaged in units called chromosomes. Each cell
has 46 chromosomes in 23 pairs. Chromosomes are
made up of four chemicals, or bases, arranged in various
sequence patterns. People inherit material in each chro-
mosome from each parent.

Each chromosome has many thousands of segments,
called genes. The sequence of bases in a gene tells the

cell how to make specific proteins. Proteins determine
the physical characteristics of living organisms. They
also direct almost every aspect of the organism’s con-
struction, operation, and repair. Even slight alterations in
a gene can produce an abnormal protein, which, in turn,
can lead to cell malfunction, and eventually, to disease.
Any rare change in a gene’s DNA that causes a disease
is called a mutation. Other more common (or frequent)
changes in a gene’s DNA don’t automatically cause dis-
ease, but they can increase the chances that a person
will develop a particular disease. When this happens,
the changed gene is called a genetic risk factor.

DNA Strand




Genes and Early-onset
Alzheimer’s Disease

Over the past several decades, researchers
working on AD realized that some cases, par-
ticularly of early-onset AD, ran in families.
This led them to examine DNA samples from
such families to see whether they had some
genetic trait in common. Chromosomes 21,
14, and 1 became the focus of attention. The
scientists found that some families have a
mutation in selected genes on these chromo-
somes. On chromosome 21, the mutation
causes an abnormal amyloid precursor protein
(APP) to be produced. On chromosome 14,
the mutation causes an abnormal protein
called presenilin 1 to be produced. On chro-
mosome 1, the mutation causes yet another
abnormal protein to be produced. This pro-
tein, called presenilin 2, is very similar to pre-
senilin 1. Even if only one of these genes
inherited from a parent contains a mutation,
the person will almost inevitably develop
early-onset AD. This means that in these fam-
ilies, children have about a 50-50 chance of
developing the disease if one of their parents
has it.

Even though early-onset AD is very rare and
mutations in these three genes do not play a
role in the more common late-onset AD, these
findings were crucial because they showed that
genetics was indeed a factor in AD, and they
helped to identify some key players in the AD
disease process. Importantly, they showed that
mutations in APP can cause AD, highlighting
the key role of beta-amyloid in the disease.
Many scientists believe that mutations in each
of these genes cause an increased amount of
the damaging beta-amyloid to be made in the
brain.

The findings also laid

the foundation for many
other studies that have
pushed back the bound-

aries of our knowledge

and created new possibili-

ties for future treatment. For example, in the
last several years, a series of highly sophisticat-
ed experiments have shown that presenilin
may actually be one of the enzymes (sub-
stances that cause or speed up a chemical reac-
tion) that clips APP to form beta-amyloid (the
protein fragment that is the main component
of AD plaques). This discovery has helped
clarify how presenilins might be involved in
the early stages of AD. It has also given scien-
tists crucial new targets for drug therapy and
has spurred many new studies in the test tube,

in animals, and even in people.

A Different Genetic Story in
Late-onset Alzheimer’s Disease

While some scientists were focused on the role
of chromosomes 21, 14, and 1 in early-onset
AD, others were looking elsewhere to see if
they could find genetic clues for the late-onset
form. By 1992, these investigators had nar-
rowed their search to a region of chromosome
19. At the same time, other colleagues were
looking for proteins that bind to beta-amyloid.
They were hoping to clarify some of the steps
in the very early stages of the disease process.
They found that one form of a protein called
apolipoprotein E (ApoE) did bind quickly and
tightly to beta-amyloid. They also found that
the gene that produces ApoE was located in
the same region of chromosome 19 pinpointed
by the geneticists. This finding led them to
suggest that one form of this gene was a risk
factor for late-onset Alzheimer’s disease.
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Other studies since then have shown that
the gene that produces ApoE comes in several
forms, or alleles — €2, €3, and €4. The APOE
€2 allele is relatively rare and may provide
some protection against the disease. If AD
does occur in a person with this allele, it
develops later in life. APOE €3 is the most
common allele. Researchers think it plays a
neutral role in AD. APOE €4 occurs in about
40 percent of all AD patients who develop the
disease in later life. It is not limited to people
whose families have a history of AD, though.
AD patients with no known family history of
the disease are also more likely to have an
APOE €4 allele than people who do not have
AD. Dozens of studies have confirmed that
the APOE €4 allele increases the risk of devel-
oping AD. These studies have also helped to
explain some of the variation in the age at
which AD develops. However, inheriting an
APOE €4 allele doesn’t mean that a person
will definitely develop AD. Some people with
one or two APOE €4 alleles never get the dis-
ease and others who do develop AD do not
have any APOE €4 alleles.

Although we still don’t exactly know how
APOE €4 increases AD risk, one theory is that
when its protein product binds quickly and
tightly to beta-amyloid, the normally soluble
amyloid becomes insoluble. This may mean
that it is more likely to be deposited in
plaques.

While scientists are working to understand
more fully the APOE gene and its role in AD,
they have also identified regions on other
chromosomes that might contain genetic risk
factors. For example, in 2000, three teams of
scientists, using three different strategies, pub-
lished studies showing that chromosome 10

has a region that may contain several genes
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that might increase a person’s risk of AD.
Identifying these genes is one important step
in the research process that will lead to new
understanding about the ways in which
changes in protein structures cause the disease
process to begin and the sequence of events
that occurs as the disease develops. Once they
understand these processes, scientists can
search for new ways to diagnose, treat, or even
prevent AD.

Other Factors
at Work in AD

Even if genetics explains some of what might
cause AD, it doesn’t explain everything. So,
researchers have looked at other possibilities
that may reveal how the Alzheimer’s disease

process starts and develops.

Beta-Amyloid

We still don’t know whether beta-amyloid
plaques cause AD or whether they are a by-
product of the disease process. We do know,
however, that forming beta-amyloid from APP
is a key process in AD. That’s why finding out
more about beta-amyloid is an important
avenue of ongoing AD research. Investigators
are studying:

The nature of beta-amyloid

Ways in which it is toxic to neurons
Ways in which plaques form and

are deposited

Ways in which beta-amyloid and plaques
might be reduced in the brain



Tau

In the last few years, scientists have been giv-
ing an increasing amount of attention to tau,
the other hallmark of Alzheimer’s disease.

An AD Tangle

This protein is commonly found in nerve cells
throughout the brain. In AD, tau undergoes
changes that cause it to gather together abnor-
mally in tangled filaments in neurons (for
more on this, see p. 23 in A Walking Tour
Through the Brain). In studying tau and
what can go wrong, investigators have found
that tau abnormalities are also central to other
rare neurodegenerative diseases. These dis-
eases, called tauopathies, include frontotempo-
ral dementia, Pick’s disease, supranuclear palsy,
and corticobasal degeneration. They share a
number of characteristics, but also each have
distinct features that set them apart from each

other and from AD. Characteristic signs and

symptoms include changes in personality,
social behavior, and language ability; difficul-
ties in thinking and making decisions; poor
coordination and balance; psychiatric symp-
toms; and dementia. Recent advances, include
the discovery of mutations in the tau gene that
cause one tauopathy called frontotemporal
dementia with parkinsonism linked to chromo-
some 17 (FTDP-17). The development of sev-
eral mouse models that produce tau tangles
will allow researchers to address the many
questions that remain about these diseases.
The development of a “double transgenic”
mouse that has both tau tangles and beta-
amyloid plaques will also lead to further
insights about AD.

Cardiovascular Risk Factors

Several recent studies in populations have
found a possible link between factors related to
cardiovascular disease and AD. One of these
studies found that elevated levels of an amino
acid called homocysteine, a risk factor for
heart disease, are associated with an increased
risk of developing AD. The relationship
between AD and homocysteine is particularly
interesting because blood levels of homocys-
teine can be reduced by increasing intake of
folic acid and vitamins B6 and B12. In fact, in
other studies, scientists have shown that folic
acid may protect against nerve cell loss in
brain regions affected by AD. Investigators
have also found that the use of statins, the
most common type of cholesterol-lowering
drugs, is associated with a lower risk of devel-
oping AD.
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Phospholipid
Cell Membrane

Protein

Oxidative Damage
From Free Radicals

Another promising area of investigation relates
to a longstanding theory of aging. This theory
suggests that over time, damage from a kind of
molecule called a free radical can build up in
neurons, causing a loss in function. Free radi-
cals can help cells in certain ways, such as
fighting infection. However, too many can
injure cells because they are very active and
can readily change other nearby molecules,
such as those in the neuron’s cell membrane or
in DNA. The resulting molecules can set off a
chain reaction, releasing even more free radi-
cals that can further damage neurons. This
kind of damage is called oxidative damage. It
may contribute to AD by upsetting the deli-
cate machinery that controls the flow of sub-
stances in and out of the cell. The brain’s
unique characteristics, including its high rate
of metabolism and its long-lived cells, may
make it especially vulnerable to oxidative
damage over the lifespan. Some epidemiologi-
cal and laboratory studies suggest that anti-oxi-
dants from dietary supplements or food may
provide some protection against developing
AD. Other studies suggest that low-calorie
diets may protect against the development of
AD by slowing down metabolic rates.
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Inflammation

Another set of hints about the causes of AD
points to inflammation in the brain. This
process is part of the immune system and helps
the body react to injury or disease. Fever,
swelling, pain, or redness in other parts of the
body are often signs of inflammation. Because
cells and compounds that are known to be
involved in inflammation are found in AD

plaques, some researchers think it may play a
role in AD.

They disagree, though, on whether inflamma-
tion is a good or a bad thing. Some think it is
harmful — that it sets off a vicious cycle of
events that ultimately causes neurons to die.
Evidence from many studies supports this idea.

Other scientists believe that some aspects of
the inflammatory process may be helpful — that
they are part of a healing process in the brain.
For example, certain inflammatory processes
may play a role in combating the accumulation
of plaques. Many studies are now underway to
examine the different parts of the inflammatory
process more fully and their effects on AD.

Brain Infarction

We’ve all heard the sensible advice about ways
to live a long and healthy life: eat right, exer-
cise, don’t smoke, wear a seat belt. All of these
habits can help prevent heart attacks, stroke,
and injuries. This advice may even have some
relevance for AD as well. Results from one
long-term study of aging and AD show that par-
ticipants who had evidence of stroke in certain
brain regions had more symptoms of dementia
than could be explained by the number of
plaques and tangles in their brain tissue. These
findings suggest that damage to blood vessels in
the brain may not be enough to cause AD, but
that it could make AD clinical symptoms worse.



New Help
N AD

healthy man in his early 6os begins to notice
Athat his memory isn’t as good as it used to be.
More and more often, a word will be on the tip of
his tongue but he just can’t remember it. He for-
gets appointments, makes mistakes when paying
his bills, and finds that he’s often confused or anx-
ious about the normal hustle and bustle of life
around him. One evening, he suddenly finds him-
self walking in a neighborhood a couple of miles

from his house. He has no idea how he got there.

Not so long ago, this man’s condition would
have been swept into a broad catch-all category

called “senile dementia” or “senility.” Today,
the picture is very different. We now know
that Alzheimer’s and other illnesses with
dementia are distinct diseases. Armed with
this knowledge, we have rapidly improved our
ability to accurately diagnose AD. We are still
some distance from the ultimate goal — a reli-
able, valid, inexpensive, and early diagnostic
marker — but experienced physicians now can
diagnose AD with up to 90 percent accuracy.

Early diagnosis has several advantages. For
example, many conditions cause symptoms
that mimic those of Alzheimer’s disease.
Finding out early that the problem isn’t AD
but is something else can spur people into

-

the Human Side of AD Research

The Religious Orders Study and the Nun Study: Lives
of Service Gontinue Even After Death

One way that scientists have tried to unravel the mystery of AD
and other complex diseases, like heart disease or cancer, is to
compare the characteristics, lifestyles, and disease rates of dif-
ferent groups of people. This approach has often provided
clues as to why some people get a disease and others don’t.

Another way is to study one group of people over time. The
notion here is that data gathered over a period of years will
reveal important clues about the origins of the disease under
investigation. The knowledge gained also may lay the founda-
tion for future treatment or prevention strategies. The
Framingham Heart Study is one famous example of this kind of
study. It has followed two generations of Massachusetts resi-
dents for 50 years, and its findings have revolutionized the way
we think about, treat, and prevent heart disease.

(Continued on next page)

~
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The National Institute on Aging is funding two
Alzheimer’s disease studies that are using this approach
— but with a unique twist. These studies involve mem-
bers of religious communities.

Since 1990, scientists have been working with more
than 650 nuns of the School Sisters of Notre Dame, who
are located in various parts of the U.S. The Nun Study is
an expansion of a pilot project begun in

tions enable researchers to detect signs of AD among
participants and to track, year by year, the progress and
treatment of the disease among those who develop it.

But why work with religious orders? What’s special
about them? One reason why members of religious
orders are good study participants is that they often live
together and have similar lifestyles, educational levels,

1986 with a School Sisters of Notre
Dame convent in Mankato, Minnesota.

Since 1993, scientists have also been
investigating the mental and physical
capacities of older nuns, priests, and
brothers in the Religious Orders Study.
More than 30 religious communities in a
dozen States are participating in this
study.

All of the participants in both studies
agree to have detailed physical and men-
tal function exams every year. Volunteers
may spend decades in the study, repeat-
ing the tests each year. These exams
help researchers better understand the
effects on the brain of aging, AD, and
other disorders. Participants also agree
to donate their brains to the study when
they die. This allows the investigators to
match many years’ worth of clinical and psychological
information with the results of examinations of after-
death brain tissue. These volunteers consider participat-
ing in these studies a wonderful chance to continue their
lives of service to others. As one participant in the Nun
Study put it, “[They] can have my brain. What good is it
going to do me when I'm six feet under?”

The large numbers enrolled in the study ensure that
some volunteers will still have normal brain function at
the time of death. Others will have developed the clinical
signs of AD. Still others will have other neurological dis-
orders, such as Parkinson’s disease. The yearly examina-

daily routines, and activities. This cuts down on the vari-
ations among participants that make it difficult for scien-
tists to interpret research results. It also makes it easy
for study staff to keep track of volunteers over time and
to maintain complete information on them.

Working with these participants has allowed the
research teams to explore several exciting ideas. For
example, the Religious Orders Study team recently
worked with their participants to examine a
“use-it-or-lose-it” brainpower hypothesis. At an initial
evaluation, the researchers asked more than 700 priests
and nuns about the amount of time they spent in seven
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common activities that involve significant infor-
mation processing — watching television; lis-
tening to the radio; reading newspapers or
magazines; reading books; playing cards,
checkers, and puzzle games; and going to
museums. After tracking the participants for

4 1/2 years, the researchers found that, on
average, the risk of developing AD was 47 per-
cent lower in those who did these activities
most frequently than in those who did them
least frequently. The reasons for this finding
aren’t entirely clear yet, but it may be that
mentally stimulating activities protect the brain
in some way. Or, perhaps some other mecha-
nism may be at work that strengthens infor-
mation processing skills to compensate for
age-related declines in other cognitive areas.

The Nun Study has one particularly rich
treasure trove to work with — the autobiogra-
phies written by the nuns when they entered
the order. These personal records provide
basic information on the nuns’ early lives and
families and are an objective measure of each
woman’s ability to think, remember, and pres-
ent ideas in writing. Study investigators have
found a fascinating link between their early
writing skills and later cognitive abilities. The
researchers performed an analysis of the auto-
biographies to determine the grammatical
complexity and the “density” of ideas in each.
They then examined brain tissue from nuns
who had died. The investigators found that
most of the nuns whose brain tissue showed
significant signs of AD had written autobiogra-
phies with low grammatical complexity and
idea density. Though the reasons for this link
aren’t fully understood, a higher linguistic abili-
ty early in life may provide some protection
against the influences that lead to AD.

N

getting treatment for the real condition. For
the small percentage of dementias that are
treatable or even reversible, early diagnosis

increases the chances of successful treatment.

Even when the cause of the dementia turns
out to be Alzheimer’s disease, it’s good to find
out sooner rather than later. One benefit is
medical. The drugs now available to treat AD
can help some people maintain their mental
abilities for months to years, though they do
not change the underlying course of the dis-

ease (see p. 42 for more on these drugs).

Other benefits are practical. The sooner the
person with AD and family know, the more
time they have to make future living arrange-
ments, handle financial matters, establish a
durable power of attorney, deal with other
legal issues, create a support network, or even
make plans to join a research study. Being
able to participate for as long as possible in
making decisions about the present and future
is important to many people with AD.

Finally, scientists also see advantages to early
diagnosis. Developing tests that can reveal
what is happening in the brain in the early
stages of Alzheimer’s disease will help them
understand more about the cause and develop-
ment of the disease. It will also help scientists
learn when and how to start drugs and other
treatments so that they can be most effective.

Scientists are now exploring ways to help
physicians diagnose AD earlier and more accu-
rately. For example, some studies are focusing
on changes in personality and mental func-
tioning. These changes can be measured
through memory and recall tests. Tests that
measure a person’s abilities in areas such as
abstract thinking, planning, and language can

also help pinpoint changes in function.
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A PET Scan in Progress

Researchers are working hard to improve these
standardized tests so that they can better track
the changes that might point to early AD or
predict which individuals are at higher risk of
developing AD in the future.

-

~

Causes of Dementia

Dementia is the loss of cognitive functioning — thinking,
remembering, and reasoning — to such an extent that it
interferes with a person’s daily life and activities. It is not a
disease itself, but a group of symptoms that often accom-
panies a disease or condition. Some dementias are treat-
able or curable; others are less responsive to treatment.

Treatable Causes
of Dementia

medication side effects
depression

vitamin B12 deficiency
chronic alcoholism
certain tumors or
infections of the brain
blood clots pressing

on the brain

metabolic imbalances,
including thyroid, kidney,
\ or liver disorders

Other Causes
of Dementia

Alzheimer’s disease
vascular dementia
frontotemporal dementia,
including:
frontotemporal dementia
with parkinsonism linked
to chromosome 17
(FTDP-17)
Pick’s disease
supranuclear palsy

corticobasal degenerationj
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Other studies are examining the relationship
between early damage to brain tissue and out-
ward clinical signs. Still others are looking for
changes in blood chemistry that might indi-

cate the progression of Alzheimer’s d