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UNAGING

Aging is a subject of concern to everyone, but is widely mis-
understood. If we view it as inevitable, we miss the fact that 
not everyone is able to grow to an old age. Realization of this 
 reality helps us to understand that aging presents a won-
derful opportunity – an opportunity to make choices about 
how we live which can enhance the aging process and offer a 
chance to live to our potential.

This book clearly presents the four reserve factors (cogni-
tive, physical, psychological, and social) which impact our 
ability to have healthy responses to the stresses of aging. By 
giving the biological basis for the advice given, you will learn 
the steps to take in your activities, diet, and mental outlook 
to grasp the opportunity that aging offers. Everyone must 
know that what we do makes a difference.

Robert Friedland MD is a neurologist and the Rudd endowed 
professor of Neurology and Neurobiology at the  University 
of Louisville School of Medicine in Kentucky. He previous-
ly worked at the University of California, Berkeley, the US 
National Institute on Aging, and Case Western Reserve 
University. Recently his research has uncovered a key role 
of intestinal bacteria in the initiation and progression of 
Alzheimer’s disease, Parkinson’s disease, and amyotrophic 
lateral sclerosis. His studies of humans and animals in the 
United States, Japan, the Middle East, and Kenya have helped 
to advance the concept that the risk of aging-related brain 
diseases can be lowered through our personal actions.
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“Rooted on his vast clinical and research experience, Dr. Friedland takes 
us on an accessible scientific tour to demystify the inevitability of aging. 
Dementia, he highlights with a wealth of examples, is not preordained 
in anyone, even in individuals with high-risk genetic mutations or with 
brain amyloid plaques. Dr. Friedland reviews the evidence accumulat-
ed to make his case that specific changes in our own environment can 
shape how we age – or not.”

Alberto Espay, author of Brain Fables: The Hidden History of  
Neurodegenerative Diseases and a Blueprint to Conquer Them

“Dr. Friedland’s idea that aging is not inevitable is not fully recognized 
by the general public. However, recent advances in geriatrics show that 
his idea ‘aging is not inevitable’ is correct. This book is impressive be-
cause he teaches us the mechanisms of aging and how to enhance aging. 
It’s possible to change your life from this book. I hope you will know the 
truth and gain a wonderful tool against aging.”

Professor Toshiki Mizuno, Kyoto Prefectural University of Medicine

“In his book, Unaging, Dr. Friedland begins by setting the stage, describ-
ing the importance of physical, mental, psychological, and social health, 
and explaining that the goal is not normal aging, but exceptional aging. 
He then teaches you how to attack and subdue the harmful habits that 
accelerate aging by extrapolating the results of rigorous scientific stud-
ies. This book is a ‘must read’ for anyone who would like to use the latest 
scientific studies to help them live healthier lives as they age.”

Andrew E. Budson, author of Seven Steps to Managing Your Memory: What’s 
Normal, What’s Not, and What to Do About It

‘You have to grow old but you don’t have to age. This is the book that 
tells you how to do it’

Nori Graham, author of A Pocket Guide to Understanding  
Alzheimer’s Disease and Other Dementias 

With clear language and an attention-grabbing narrative style, Dr. Fried-
land introduces and discusses many of the issues related to aging that 
represent the pillars of the science on the subject. From an original per-
spective, the book addresses the so-called reserve factors, neurological 
diseases, mental health, and most importantly, the actions we need to 
take to improve our chances of a healthy and satisfactory aging, where 
aging is seen as a blessing, not as a burden. The book closes with the 
chapter “The opportunity of aging” which, in my interpretation, sum-
marizes the author’s overview. 

Anyone interested in aging should read this text.

Dr. Carmen Garcıa Pen~a, Instituto Nacional de Geriatrıa
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To my patients and their current and future families.
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PREFACE

Act as if whatever you do makes a difference. It does.
William James (1842–1910), Harvard University psychologist 

and philosopher, author of Principles of Psychology

Just about everyone wants to know the secret to a long and 
healthy life. You may think exercise and mental health are 
key. Both are important, but in fact there are four factors 
that are central to vibrant living. The key to successful ag-
ing is the maintenance of our bodies’ four reserve factors: 
cognitive, physical, psychological, and social. The status of 
these reserve factors is a critical component of health and 
fitness throughout life and is of special importance in ag-
ing. Our four reserve factors function to maintain the bal-
ance of our body systems, despite the challenges which are 
encountered. As you will see throughout the book, there 
are many things we can do to enhance our reserve capacity 
and preserve our function as we age.

But does it matter what we do? Why should we care? I’d 
like to tell you why this is important to me, and to you.

As a neurologist, I’ve spent a lifetime studying how the 
brain works in health and disease and what can be done to 
enhance brain health with aging. In this book, I’ll reveal 
what I’ve learned by explaining and demonstrating the im-
portance of the four reserve factors, which are critical to 
healthy aging. You see, when we’re young, our bodies and 
brains can handle all sorts of bad behavior, including ex-
cessive drinking, lack of sleep, and eating too much junk 
food. That’s because our young bodies have the  reserve 
capacity to keep us going. But as we age, this capacity 
 diminishes and our resilience suffers unless we carefully 
 cultivate and nuture these four reserve factors.
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I will tell you more about this and other essential knowl-
edge in a down-to-earth, readable way that will help you 
understand your brain, body, and what you can do to keep 
them perky as you age.

The years of life after the sixth decade should be amongst 
the happiest of all. This is the time when older persons 
can enjoy retirement, spend time with family, and devote 
themselves to special interests, without the need for work. 
Unfortunately, the quality of these years is often  tragically 
damaged by the neurodegenerative diseases  associated 
with aging: Alzheimer’s disease, Parkinson’s disease, and 
amyotrophic lateral sclerosis (ALS) (also known as Lou Geh-
rig’s disease), as well as stroke. As a practicing neurologist 
for the past 45 years, I have been devoted to taking care of 
these patients and their families.

The central focus of my efforts in patient care and re-
search is to improve the health of older persons, and to 
understand why people get these conditions and how they 
can be prevented. Although our knowledge has improved 
greatly over these five decades, we still don’t know why 
most people are affected. I have pursued this work because 
our knowledge of these diseases is so poor and the ways to 
help patients are so limited.

For many years, it has been my mission to proclaim the 
truth that aging is not inevitable – that what we do makes 
a difference. I have written this book to clarify my posi-
tive approach, that there are many things you can do to 
 improve your prospects with aging. The book begins by 
presenting the scientific basis of these recommendations 
and then outlines specific actions that will enhance your 
brain and body as you age. My aim is to help you under-
stand the most important, and the least understood, part 
of the body: the brain. I will also explain how the brain 
interacts with the rest of the body and how our response 
to aging is influenced by our lifestyle choices.

P R E F A C Exii

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

How can we appreciate the work of the brain and its re-
lation with the body? Consider an ordinary day. When I 
wake up, I am usually aware of what time it is. Somehow, 
my brain has calculated the approximate time. I notice the 
relative temperature of the room and move my legs off the 
bed and onto the floor, which changes my center of grav-
ity so that I can sit up. Regardless of what I am thinking 
about, my brain calculates what needs to be done on this 
ordinary morning. The blood flow to my hands and feet is 
controlled in a dynamic fashion so that I do not lose too 
much heat. I go to the kitchen and put two pieces of whole 
wheat bread in the toaster. The movements necessary for 
this task are quite complex, considering that they involve 
muscles in the fingers, wrists, forearms, and shoulders. 
No matter how complicated the movements, I don’t think 
about them. When the toast pops up, warmed to perfec-
tion and crisp, I cover the bread with fig jam, walk to the 
dining room, sit down, and eat. (Note how both the whole 
wheat bread and fig jam are both high in fiber, but I am 
getting ahead of myself.)

At the same time I am waking up and having breakfast, 
my heart is adapting to the demands made on it, and my 
liver is delivering glucose to my bloodstream. My liver is 
also managing the nutrients contained in my breakfast 
and storing energy as glycogen, and delivering amino 
acids and other molecules to the rest of my body. My im-
mune system in the gut and elsewhere is monitoring the 
presence of microbes and microbial products to provide 
both cellular and antibody defenses against potential path-
ogens (disease-causing agents). In addition, the microbes 
in my gut are interacting with my immune system in a way 
which hopefully limits the development of inflammatory 
factors that lead to disease. My urinary bladder is moni-
toring its contents. My brain is busy supervising my blood 
volume, body temperature, blood pressure, blood sugar, 

Preface xiii
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blood sodium content (all critical to life), and evaluating 
the need for changes in heart rate, cardiac output, tone 
of blood vessels, sweating, water intake, excretion, and 
 posture.

Thus, in a few moments of an ordinary morning my 
brain has made multiple complex calculations regarding 
my well-being. And other parts of my body have also been 
busy maintaining my health. We all have the delusion that we 
are in charge of everything, when actually the most important of 
human activities are automatic. As humans, all we can do is 
oversee the intricate interactions that go on between the 
brain and other parts of our bodies. The unconscious na-
ture of these actions allows us to survive in a world with 
myriad stimuli which would overburden our conscious-
ness if we needed to pay attention to every task.

These processes involved in waking up are all interre-
lated: the brain perceives the body, and the body reacts to 
the brain. There is no part of us which is truly independ-
ent, just as there is no person who is truly independent 
of others. This state of complex interdependence is found 
from birth throughout life and is the key to healthy  aging. 
The center of this process is the brain. No wonder the 
Spanish brain scientist Santiago Ramón y Cajal compared 
the brain’s cerebral cortex to “a garden full of an infinite 
number of trees.” The neurons comprising Cajal’s trees are 
 vital entities that change according to interactions with 
the world and with the body. They grow and adapt like 
trees in a heavy wind. The trees of the cerebral cortex are 
changed by how we use them and by their relationship to 
the rest of our bodies.

The French physiologist Claude Bernard (1813–1878) mar-
veled at how the body regulated itself. He coined the term 
“milieu interieur” to describe the interactions within the 
body that produced steadiness and health. He said, “the sta-
bility of the internal environment (the “milieu interieur”) 
is the condition for a free and independent life.” Bernard, 
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who was a friend of Louis Pasteur, recognized the ability of 
the brain to compensate for external conditions and main-
tain the balance of body processes “so that its equilibrium 
results from a continuous and delicate compensation estab-
lished as if the most sensitive of balances.”1

There is a potential danger in Bernard’s use of the met-
aphor of “balances” applied to the “milieu interieur.” That 
is, we have a mental image of a balance having two arms, 
 allowing for the weight of one substance or object to be 
compared with the weight of another. In reality, our inter-
nal  processes are supremely complex and multifaceted. All 
of our body parts are interconnected and interdependent 
(mutually dependent). The balance of our internal structures 
involves an innumerable number of variables, such as body 
temperature, blood pressure, heart rate, circulating concen-
tration of red blood cells and electrolytes (such as sodium, 
 potassium, and chloride), and countless others. Moreover, the 
interactions at the heart of a balanced body are not  limited 
to  forces producing increases or decreases in a  variable. Fre-
quently, these manipulations involve modulations in which 
the  excitability and other aspects of an organ and its inter-
actions can be adjusted. A healthy, balanced body  involves 
the equilibrium of all body processes, including  responses to 
stress and maintenance of the body’s barriers.

The ability of the body to maintain stability among 
the interdependent elements we have been discussing is 
called “homeostasis,” which describes the processes that 
allow for stability of body functions (Walter Cannon popu-
larized the concept of homeostasis in his book The Wisdom 
of the Body, first published in 1932). The word homeostasis 
comes from “homeo” (similar to) and “stasis” (standing 
still). Healthy aging requires us to maintain this stability 
despite the challenges we all face from the stresses we en-
counter as we age.

Through millions of years of evolution our bodies have 
evolved the capacity to precisely monitor and adjust 

Preface xv
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 themselves in response to internal and external condi-
tions. Although the brain is largely responsible for mon-
itoring the balance of the body’s systems, it is heavily 
 dependent on the coordinated functioning of the whole. 
The brain does not work alone. There are vital interactions 
of the brain with the circulatory system, gastrointestinal 
tract, immune responses, and other vital processes. With 
aging, the quality of these interactions becomes more del-
icate. The interdependence of our brain with our other 
 organs, as well as the interactions of ourselves with others, 
is the key to health and fitness with aging.

The interdependence of our brain with our other 
organs, as well as the interactions of ourselves 
with others, is the key to health and fitness 
with aging.

After reading this book, you’ll better understand the 
interactions of the brain, body, physical environment, 
and society that determine health, disease, fitness, and 
 longevity. The wonderful part of this discussion is that it 
can lead to actions that enhance quality of life, avoid dis-
ease, enhance fitness, and provide meaning with aging.

A chief reason these interactions are not recognized for 
their critical nature is that the reserve capacity in early 
life is so high. Young people are very well made and are 
 resilient to damage from unhealthy behaviors. They can 
often suffer partial losses in function without apparent 
effect. Because of evolution, young people are frequently 
able to have poor lifestyle habits which do not notably im-
pact their health. With age, our reserve capacity is reduced 
and the interdependent interactions we are about to dis-
cuss become critical and vital to health and fitness. The 
concept of reserve capacity comes from the idea of mil-
itary forces which are “withheld from action to serve as 
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later reinforcements” (OED online). The reserves are ready 
for activity and available to serve when needed. Similarly, 
our reserve factors allow us to have resilient responses to 
challenges which occur in our lives.

The key words here are attention and attitude. As I con-
tinue my breakfast, what further dietary choices will I 
make? Will I be involved in cognitive and physical tasks on 
this ordinary day? Attention to the role that daily lifestyle 
choices have in health and fitness is necessary throughout 
life, and especially important in aging. Will my attitude 
toward aging be negative, considering it to be uniformly 
negative? Or will I appreciate the truth that aging is an 
 opportunity to be welcomed with gratitude?

Our recognition of the miracle of our life and function 
is dependent upon the attitude we have in regard to our 
survival, and our ability to appreciate the opportunities of 
aging. What we do makes a difference. This book presents de-
tailed advice about what each one of us can do to enhance 
our experience of aging. Even though we cannot stop all 
age-related declines in function, we can delay their onset 
and reduce their impact on our lives.

Robert P. Friedland, M.D.

Louisville, Kentucky

Preface xvii
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PART I

FOUNDATIONS: WHAT 
DO WE NEED TO KNOW 
ABOUT OPTIMAL 
AGING?
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Our greatest freedom is the freedom to choose our attitude.
Viktor Frankl, Austrian psychiatrist,  

author of Man’s Search for Meaning

A 94-year-old businessman came to see me for an annual 
check-up. He had been consulting me on a yearly basis for 
three years and each time had the same complaint. “I am 
developing Alzheimer’s disease,” he said. I asked why he 
thought that he had the disease. His response? “I can’t re-
member who wrote The Red and the Black,”I he said.

I evaluated him a third time using standard blood tests, 
and assessment of cognitive functions (tests of mem-
ory and reasoning). A year earlier, magnetic resonance 
 imaging of the brain showed some shrinkage of the brain, 
often seen in healthy people of his age. Memory and cog-
nitive testing showed no decline from the previous year 
and revealed no significant shortfalls. He also complained 
of pain in his knees. “When do your knees hurt?” I asked. 
“When I walk up the four flights to my office,” he replied.

At this point I told him that failure to remember the au-
thor of The Red and the Black was not a sign of Alzheimer’s 
disease. Although I applauded his desire to exercise, I sug-
gested he use the elevator rather than walk up four flights 
of stairs. I noticed his visits of the previous two years were 
quite similar to this one, and each time he was concerned 
about his memory and physical functions. I counseled him 

1 AGING IS NOT 
INEVITABLE, IT IS  
AN OPPORTUNITY

I A historical novel of Stendhal, 1830, a French novelist.
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as to the effects of age on the brain and the body. I told him 
that of all the men born 94 years ago in the United States, 
only 8 percent were still alive, and less than half of those 
alive still lived independently, and very few of them would 
have an office and be able to walk up four flights of stairs. 
It’s important for a person to understand the relative na-
ture of his or her position in life.

It’s important for a person to understand the 
relative nature of his or her position in life.

I encouraged him to consider his loss of abilities in the 
context of his extraordinary survival and overall mainten-
ance of cognitive and physical skills. I told him not to ex-
pect his memory to work as well at 94 as it did at 49!

Our response to a situation is heavily affected by our ex-
pectations. If the thoughts in anticipation of an event are 
negative, our perceptions will be biased negatively. If, on 
the other hand, we have positive expectations, we may be 
biased in the other direction. Thus, it is critical to consider 
what our expectations of aging are.

In this chapter we will first consider our expectations 
and goals for aging and learn what it is that happens as we 
get older. We will also review the important role of the im-
mune system with aging and how an evolutionary approach 
helps to inform our choices of actions to improve our aging.

What Are Our Goals for Aging?

As we consider the scenario presented by aging it is im-
portant to ask what our expectation are. Do we wish to 
have normal aging, where the decline in function of all 
organ systems  is accompanied by an increased risk of 
dying (mortality) and increased risk of disease? Consider 
what happens with normal aging. Most Americans over 
the age of 65 years suffer from high blood pressure. And 
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most say they don’t have excellent or very good health. On 
average, people over the age of 65 years have more than 
two chronic medical conditions. According to the United 
States  Social Security Administration (www.ssa.gov/OACT/
TR/2021/index.html), more than 40 percent of people over 
the age of 75 years have difficulty in physical functioning 
and 50 percent of people aged 85 years and over need per-
sonal assistance with everyday activities. Changes with ag-
ing are summarized in Table 1.

The goal isn’t “normal aging.” The goal is to make terrif-
ic choices so you can achieve exceptional aging.

I propose three goals for aging (Table 2). The first two 
are rather obvious, but the third goal is not properly rec-
ognized. The first goal of aging is not dying. This is not to 
deny the inevitability of death, but rather to state the clear 
truth that most people want to continue living. Most of us 
want the opportunity to survive from one day to the next. 
Similarly, we all share the second goal of aging, which is 
to avoid disease. It’s perfectly reasonable that a 30-year-old 
woman will hope that she can live to be 70 years of age 
(and more, of course) and, at that older age, she will not 
have cancer, coronary artery disease, Alzheimer’s disease, 
or other age-related conditions.

Table 1 Changes with aging in the body and brain

Decreased

• Recall, reasoning, spatial awareness, speed of perception, and 

numerical abilities

• Learning and processing speed

• Spatial and working memory

• Size of the brain and density of synapses

• Production of neurotransmitters (especially acetylcholine) 

involved in memory and learning

• Myelin in the white matter of the brain
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• Speed of impulse transmission in peripheral nerves

• Cerebral blood flow and use of oxygen and glucose

• Serotonin and dopamine receptors

• Visual acuity, depth perception, contrast sensitivity, and dark 

adaptation

• Vestibular function (balance mechanisms in the ear are less 

effective)

• Hair cells in the inner ear, cochlear neurons, and high-

frequency hearing

• Discrimination of source of sounds and of target from noise

• Vibration sense in feet

• Exercise tolerance

• Pacemaker cells in the heart (more atrial fibrillation)

• Heart relaxation, maximum heart rate

• Sensitivity for blood pressure changes, with increased 

potential for low blood pressure with posture changes, blood 

loss or dehydration, fever, sepsis, or medications

• Elastic quality of the lung

• Strength of respiratory muscles and respiratory capacity

• Sex hormones

• Insulin responsiveness

• Regulation of the stress response with delayed recovery

• Ability of the kidney to filter blood and dilute and 

concentrate the urine (increased risk for dehydration)

• Thirst perception

• Water regulatory capacity

• Total body water

• Muscle mass and strength

• Bone strength

• Maximal oxygen consumption

• Exercise tolerance

Table 1 (cont.)
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Let’s add another dimension to these goals to allow our-
selves to age exceptionally.

The third goal for aging must be the mainten-
ance of high levels of function (fitness) into 
 later ages, as well as continued well-being and 
 resistance to loss of function.

Table 1 (cont.)

Table 2 The three goals of aging

1. Not dying (survival)

2. Not being ill (not having disease)

3.  Being fit (enhancing and maintaining function, having strong 

cognitive, physical, psychological, and social reserves)

• Gut absorption, contraction, blood flow, and digestive 

enzyme secretion

• Microbial diversity in the gut

Increased

• Variability of all measures of structure and function

• Toxic misfolded protein collections in the brain

• Inflammation in the blood and brain (“inflammaging”)2

• Body fat

• Reaction times

• Vocabulary, semantic knowledge (crystalized intelligence, 

accumulation of knowledge)

• Risk for dehydration and high or low blood sodium levels

• Blood vessel stiffness and risk of hypertension

• Likelihood of falls

• Risk of many diseases of the brain, lungs, heart, blood, 

gastrointestinal tract, circulation, skin, and other organs
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The third goal for aging must be the maintenance of 
high levels of function (fitness) into later ages, as well as 
continued well-being and resistance to loss of function. Im-
agine two 70-year-old people who have both met the first 
two goals of aging (that is, they have survived to the age 
of 70 and have not developed disease conditions of note). 
However, one may not be able to walk more than a short 
distance without hip pain and shortness of breath, is no 
longer able to play golf or swim, has diminished exercise 
tolerance, and has a lowered resistance to the damaging 
effects of stress. The other 70-year-old is physically fit and 
happily participating in meaningful activities, with good 
abilities to resist stressors. We are all confronted with 
physical and psychological challenges as we get older. The 
ability to survive and prosper despite these challenges is a 
critical factor in aging.

Persons concerned about quality of life with aging must 
consider all three goals. How can they achieve the three 
goals of an active, healthy, and long life? That is, what can 
they do enhance their chance of a long life, free of disease? 
Equally importantly, they need to ask what they can do to 
increase the likelihood that they will have the highest lev-
el of fitness and resilience (resistance to loss of function) as 
they age. Resistance to loss of function can also be called 
reserve capacity. This book presents the theory of multi-
ple reserves (Chapter 2), which examines the concept of 
the four reserve factors: cognitive, physical, psychological, 
and social, all of which are key to successfully meeting the 
three goals of aging.

Avoiding death and sickness is desirable, but it 
is not enough.

Avoiding death and sickness is desirable, but it is not 
enough. Just ask the Struldbruggs. In Jonathan Swift’s 1726 
satirical novel Gulliver’s Travels, the protagonist visited the 
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nation of Luggnagg, somewhere near Japan. Occasional-
ly, a baby would be born with a red dot above their left 
eyebrow. These babies were called Struldbruggs. The red 
dot was a sign that they would never die. At first,  Gulliver 
thought that this long life would be a monumental gift 
leading to great wisdom and wealth, but later he realized 
that these poor creatures aged normally, acquiring pro-
gressive tragic disability along the way, without the gift of 
death to end their suffering. Swift was powerfully illustrat-
ing the reality that survival alone is not a proper goal for 
aging, a truth he would come to know before dying with 
dementia at the age of 78.II,3

The term “homeostasis” refers to all of the processes re-
sponsible for managing and adjusting the activities of the 
body to maintain stability and resistance to challenges. It 
is necessary to consider homeostasis beyond the concept 
of disease avoidance, as there is more to health than the 
absence of disease. This is illustrated by the word “salu-
togenesis,” which describes the promotion and mainte-
nance of health.4 This is in contrast to pathogenesis, which 
is the promotion and maintenance of disease. Salutogene-
sis illuminates the vital concept that health is not a passive 
 process and that we can make a difference in taking con-
trol of factors that determine our health and fitness. Like-
wise, the concept of considering “healthspan” as  opposed 
to “lifespan” demonstrates that the goal should be obtain-
ing years of active meaningful survival, not just survival 
itself.5

Salutogenesis illuminates the vital concept that 
health is not a passive process and that we can 
make a difference in taking control of factors 
that determine our health and fitness.

II A discussion of Swift’s memory disorder is presented in reference 3.
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Because the body systems that have reduced function 
with age are all dependent on each other, declines in 
function can have magnified effects throughout the body. 
 Interactions between our body systems not only affect our 
susceptibility to disease, but also our functional capacity 
with aging. Recognition of this interdependence is a criti-
cal factor for successful aging and is the focus of this book.

Aging Is Not Inevitable

As we will see later, the ability of older people to survive 
illness and maintain fitness is determined not only by the 
 illness itself, but also upon the reserve factors of the person 
to adapt (as discussed in Chapter 2). It is our reserve factors 
which maintain the balance of body functions, even in the 
presence of challenges, such as disease and other sources 
of stress. Our reserve capacity is another way to present 
the concept of resistance to loss of function. The mainte-
nance of health and fitness is an active process, which is 
dependent in large part upon our activities, attention, and 
attitude.

The importance of our attitude in regard to aging – and 
where that attitude is often misdirected – is illustrated by 
the popular phrase “aging is inevitable.” It isn’t. Yet the 
myth is widespread. A recent review of aging and the cardi-
ovascular system (2020) noted that “Aging is an inevitable 
part of life.”6 I disagree, as many people do not live long 
enough to get to be old. Aging is not inevitable, because it 
doesn’t happen to everyone.

Aging is not inevitable, because it doesn’t hap-
pen to everyone.

What would Princess Diana, John F. Kennedy, or Martin 
Luther King Jr. think about the idea that aging is  inevitable, 
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as Diana died at the age of 36, John F. Kennedy at 47, and 
Martin Luther King Jr. at the age of 39? We all know people 
who did not live long enough to be old, so we must con-
clude that aging is not inevitable. On the other hand, aging 
is an opportunity. To put it another way, everyone is cer-
tainly one day older today than they were yesterday, but 
not everyone will be one day older tomorrow than they 
are today because our survival from one day to the next is 
not guaranteed.

One reason that aging is not inevitable is that many peo-
ple do not reach the ages at which they are considered to 
be “old” (usually 65 years of age in Western cultures). Of 
all persons born 65 years ago in the United States, only 
86 percent are still living. In the same vein, a 65-year-old 
person should not assume that they will live to be 80 be-
cause of the idea that aging is inevitable. At the time of 
writing, according to the United States Social Security Ad-
ministration, a healthy 65-year-old man has a 62 percent 
probability and a healthy 65-year-old woman a 71 percent 
probability of living to be 80 years old (see www.ssa.gov/
OACT/TR/2021/index.html).

Second, and most importantly, aging is not inevitable 
because the declines of function seen with aging can often 
be avoided. Yes, that’s the reality of aging.

For example, a 60-year-old woman with coronary artery 
disease could improve her cardiac function with exercise, 
statins, improved diet, reduced alcohol intake, and quit-
ting smoking, so that by the age of 70 her cardiac function 
would be better than it was at the age of 60. This does not 
imply that all age-related changes can be prevented, but 
many of the declines in function we see with aging are 
not produced by aging alone but are the result of harmful 
lifestyle behaviors that can be changed with significant 
 effect.

What can be done to enhance the opportunity of aging?

Aging Is Not Inevitable, It Is an Opportunity 11

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Since many people do not get a chance to be old we 
should not consider our survival to be inevitable. We should 
reflect on what can be done to enhance the  opportunity of 
aging. To this end, we should all be asking ourselves two 
central questions:

How can we influence the quality and length of our lives 
through lifestyle measures, in consideration of the 
interdependent forces we have been discussing?

How can we maximize the meaning of our lives to make 
the most of the opportunity presented by aging?7

Many people, including some medical professionals, have 
a shockingly negative view of aging. Consider a 2020 re-
port published in Lancet entitled “Ageing without demen-
tia: can stimulating psychosocial and lifestyle experiences 
make a difference?”8 Written by leaders in the field of ger-
ontology, its authors argue that “ageing is the accumula-
tion of biological deficits resulting from genetically and 
environmentally induced alterations that undermine the 
homeostatic balance of the organism, progressively lead-
ing to physical and cognitive impairment.”8

Let’s take a moment to unpack this. In aging, there are 
deficits in bodily functions related to genes and environ-
ment. These declines interfere with the ability of the body 
to maintain health and fitness. So far, so good. The prob-
lem is in the last phrase when the authors suggest “physic-
al and cognitive impairment” is inevitable. It is not.

As you will see in the following chapters, many older 
people do not suffer cognitive losses, and people, as they 
age, may build muscle mass and improve abilities as they 
get older through physical exercise. A remarkable feature 
of aging is that even in later stages of life there are recov-
ery mechanisms which help to retain function in the face 
of structural decline.

Although it is true that there are declines with aging, they 
do not always cause physical and cognitive  impairment. 
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For example, a 50-year-old runner may be able to increase 
their performance over the 10 years until the age of 60 
through improved training. Although it is best for  people 
to learn to play a musical instrument in childhood, it can 
be done in adulthood. An enthusiast who starts violin les-
sons at the age of 50 will not be playing with the New York 
Philharmonic. But she can, through teaching and practice, 
obtain sufficient skill to develop the potential for decades 
of joy from music making. Many older people work hard 
throughout their life and find that their later ages are the 
most joyful of all.

In order to consider what can be done to improve our 
aging we must first consider how we are affected by aging.

What Is Happening with Aging?

Now that we understand the three goals, and the concept 
that aging is not inevitable, we must consider the reality of 
human aging. What is happening?

Aging is accompanied by the reduced function of every 
system of the body (see Figure 1 and Table 1). What’s im-
portant to know is that this reduced function is not a dis-
ease, it’s highly variable from person to person, and does 
not necessarily lead to impairment in activities. Although 
every organ has reduced function with aging, this decline 
is accompanied by  increased variability.10 This means, as 
shown in Figure 2, that walking speed typically declines 
with age. But that’s not true for everyone. While most 
young people walk at similar rates, some older people walk 
as fast as younger people, while others slow dramatically. 
Many older persons will maintain function in later life. This 
is not the case only for walking speed, as the variability of 
every measure of body structure and function is greater for 
older than for younger persons. This is powerful evidence 
that aging declines do not happen to everyone and that it 
matters what we do about the opportunity for aging.

Aging Is Not Inevitable, It Is an Opportunity 13

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

An important thing to realize about reduced func-
tion in aging is that in many cases normal function can 
be  maintained through healthy lifestyle choices. For ex-
ample, 30–50 percent of centenarians (aged 100 years or 
 older) are cognitively intact. Muscle mass declines with 
age, but some people have excellent muscle mass even 

F
u

n
c
ti

o
n

a
l 
c
a
p

a
c
it

y

Cardiac index

Age (years)

Parameters:

Onset and rate of physiological change with age

Renal blood flow

Normal breathing capacityMaximal work rate

Nerve conduction velocity

Figure 1 Declines in function with aging 

All bodily functions decline with age. This includes maximal 

work rate, blood flow in the kidney, maximum breathing 

capacity, nerve conduction velocity, and cardiac output, as well 

as many other functions. The lines indicate the relative declines 

in function from ages 20–30 to 80–85. These changes do not 

represent a disease and do not occur to the same degree in every 

person. (Adapted with permission from reference 9.)
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after 65 years, and it’s possible for most people to build 
muscle mass through exercise, no matter the age.  Some 
of the declines with aging noted in studies of older people 
are not caused by aging alone, but by the early stages of 
disease that may be present in a premature state which is 
difficult to detect (such as Alzheimer’s disease).12

This is what happens in the brain with aging: There is 
a reduction in brain volume, which is more marked in 
areas involved in learning and memory. The structure of 
the myelin sheath, which isolates axons connecting neu-
rons, also declines. This activates the immune system in 
the brain, which needs to repair the damage. Abnormal 

Figure 2 Variability increases with age 

Usual walking speed declines with age, particularly after the 

age of 65. However, there are many people over 65 years old who 

have a normal walking speed. The data for the younger ages are 

more closely aligned to the average, while older persons have 

considerably more variation in their walking speed. This increase in 

variability with aging is true for every aspect of function. (Adapted 

with permission from reference 11.)

Aging Is Not Inevitable, It Is an Opportunity 15

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

collections of proteins develop in the brain along with 
impaired  removal of toxic molecules, and loss of  synapses 
(gaps  between nerve cells responsible for communica-
tion). There is also improper folding of brain proteins 
with  aging. (This is a critical concept in aging and is dis-
cussed in Chapter 5.) Inflammation in the brain produces 
molecules which impair learning. All of these age-related 
changes in the brain can lead to a loss of function as we 
grow older. Cognitive activities at work and at home can 
help delay these changes and enhance our cognitive re-
serve; such activities are closely related to psychological 
factors and social interactions. Furthermore, it has been 
discovered  recently that important immune cells in the 
brain which are involved in learning and memory are 
strongly influenced by gut bacteria (our microbiota). And 
these organisms are controlled by what we feed them (our 
diet!). So, our microbiota are a key component of our phys-
ical reserve.

We need to consider what happens to our immune sys-
tem with aging, because it is central to the preservation of 
function as we get older. Also, we are able to influence the 
nature of our immune system through our actions, as we 
shall soon see.

The Immune System in Aging

The immune system is an intricate network of cells and 
molecules, which protects us from infections and assists 
in the maintenance of structure. It plays a vital role in ag-
ing in the body as well as in the brain. Inflammation is a 
protective mechanism which allows us to fight infection 
and defends us from disease-causing agents. Innate immu-
nity refers to the system providing initial rapid defens-
es, independent of previous exposures, with no memory 
(repeat exposures are treated the same) and lasting only 
a few days (such as the body’s initial response to a cold). 
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Adaptive immunity is slower to develop, involves immune 
cells, and lasts a lifetime (such as vaccinations). There may 
be activation of the innate immune system with aging, 
which is found in many neurological and systemic disor-
ders and has been called “inflammaging.”2 Difficulties can 
develop when inflammation is ineffective and pathogens 
enter, replicate, and damage tissues. However, it is also a 
problem when inflammation is excessive. Immune mech-
anisms can be active (pro-inflammatory) or regulatory (an-
ti-inflammatory).

With aging, there are often excessive pro-inflammato-
ry factors and inadequate regulatory mechanisms. This 
 low-grade process of inflammaging is linked to several 
diseases of aging, such as cardiovascular disease, stroke, 
 diabetes, Alzheimer’s disease, Parkinson’s disease, and 
cancer.2 Chronic low-grade inflammation can cause cel-
lular damage in localized areas of the body and also in-
fluence cellular process at remote sites. In addition, the 
 production of growth factors in the brain may be impaired 
by inflammation, and inflammatory molecules may dam-
age neurons, increase the production of misfolded pro-
teins involved in many age-related brain diseases, and 
increase the assembly of free radicals. Free radicals are 
highly reactive molecules with unpaired electrons pro-
duced by metabolism, which damage other things, such 
as carbohydrates, DNA, and proteins and impair cellular 
structures, such as the mitochondria, which is the source 
of the cell’s energy.

The inflammation in the brain is linked to the inflam-
mation in the body. The wonderful part of this is that 
the bacteria in the gut strongly influence these process-
es, both in the brain and the body. Excessive inflamma-
tion in the body and brain can be caused by a diet which 
 enhances the growth of gut bacteria that enhance inflam-
mation. And  inflammation can be reduced with the pres-
ence of health-enhancing bacteria, also related to diet. 
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This means that our diet can contribute to an unhealthy 
pro- inflammatory state or a health-enhancing regulatory, 
 anti-inflammatory state.

The brain is protected from the circulation by the blood–
brain barrier, which tightly regulates the entry and exit of 
molecules and cells from the blood to the brain and vice 
versa. Despite the actions of the barrier the brain hosts 
an important population of immune cells that have been 
present from birth and also cells that regularly cross the 
barrier and monitor the health of the brain. Recent re-
search has shown that these cells are needed for learning 
and memory as well as protection from pathogens.

As neurons age they release factors that increase 
 inflammation in the brain, which through the activity 
of immune cells and related molecules can be  damaging. 
It is a delicate balance of function that controls these 
processes, which are influenced by genetic and environ-
mental factors, including diet and the microbiota (all the 
 microbes that  reside inside our body and on our surfaces). 
If the inflammatory process becomes excessive it can lead 
to neurodegeneration.13 Inflammation can also  affect the 
brain directly, such as with meningitis, encephalitis, or 
brain abscess. Dormant microbes in the brain that are not 
 replicating can also influence inflammation without  active 
infection. The DNA of microbes can  become  implanted 
in human DNA sequences and influence  metabolism, 
even without replication of the microbe.  Inflammation 
 elsewhere in the body can also affect the brain through 
the passage into the brain of inflammatory cells and 
 molecules.

The balance of inflammation in the brain can often be-
come poorly regulated with aging. This can result from 
poor clearance of toxic molecules from the brain, increased 
production of inflammatory molecules, abnormally folded 
proteins, fewer neuroprotective factors (growth factors), 
and changes in the gut microbes. These factors can act 
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in a dangerous feed-forward loop in which inflammation 
leads to more protein misfolding, leading to more inflam-
mation. These processes which impact inflammation and 
protein folding are linked to our activities through life, 
including toxic exposures (such as smoking, alcohol, tox-
ins, and chemicals), poor diet, head injury, and a lack of 
physical and mental activity. This means that it is possible 
to reduce our risk of poorly regulated inflammation as we 
get older by making proper lifestyle choices. Although the 
ability of the brain to deal with improperly folded proteins 
decreases with age it is possible to enhance our capacity to 
manage errors in protein folding. Dietary factors as well 
as mental and physical activities (presented in Chapter 20) 
can help manage the processes of inflammation.

The management of changes in inflammation with ag-
ing are important for the maintenance of function and 
avoidance of disease in everyone. Why are these issues es-
pecially important for older persons?

Old Persons Are Not Well Protected 
by Evolution

Evolution has not prepared us for a long life. Human evolu-
tion is critical to understanding human aging, so let’s brief-
ly explore it. It is estimated that our species, Homo sapiens, 
is one of the youngest of all life forms on Earth. We may 
only be about 100,000 years old as a species. At first glance, 
that number may seem high, but in comparison, chimpan-
zees – our closest relatives – are five to seven million years 
old. So, chimps have been here about 60 times longer than 
us. For almost all of human history, we have been living as 
hunter–gatherers with a profoundly different lifestyle than 
the one that we have today. Hunter–gatherers are nomadic 
people who live by harvesting wild food through hunting 
and fishing. The genes we have inherited were chosen by 
natural selection because they aided the survival of our 
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 ancestors, who were living in a different world than the 
one we are living in today. To be blunt, our genes do not 
prepare us for modern life, or, as you will see, old age.

For most of human history (perhaps prehistory would 
be more accurate), there were few people who grew old, 
because of infectious diseases, injuries, and scarce resourc-
es. Only a small percentage of the population lived to be 
over 65 years of age. From 1990 to 2020, the percentage of 
Americans aged 65 years and older has gone from about 4 
percent of the population to nearly 20 percent of the pop-
ulation. Currently, about 9 percent of the world’s popula-
tion is 65 years of age or older. For most of human history, 
the percentage of the population who lived to be 65 years 
of age or older was just 3 percent. Studies of the teeth of 
ancient communities show that few persons lived long 
lives. In fact, life expectancy for most of human history 
was about 25 years. This is all to say that our genetic inher-
itance does not prepare us well for old age.

This is all to say that our genetic inheritance 
does not prepare us well for old age.

In short, evolution doesn’t care about our survival to old 
age. What is essential to evolution is the dissemination of 
genes to the next generation. As far as evolution is con-
cerned, it is imperative that we live long enough to have 
and raise children so our genes can be passed on. Survival 
into old age does not influence the passage of our genes.

This is not an ethical or a moral issue, it is just the way 
evolution works through natural selection. Thus, genes 
which decrease the chance of living to be 20 years of age 
will be diminished in the population by negative selec-
tion, because people with the genes linked to early death 
will raise fewer children. On the other hand, genes which 
make it likely that one will not live to be 70 years old after 
they have survived to 40 years will not be subject to such 
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negative selection because few people have children over 
the age of 40 years. To put it in another way, genes which 
enhance survival to 70 years of age after reaching 40 years 
will not be selected for, because they will not enhance the 
occurrence and survival of offspring. Of course, genes that 
enhance survival in early life may very well continue to en-
hance survival in later years. But genes with a small posi-
tive effect in early life, but a negative effect in later life, 
will be favored by evolution, because there are so many 
more children than older persons.

Scientists have debated whether grandparents aid the 
survival of their grandchildren because of their wisdom 
and knowledge of the world.14 Grandmothers, in particu-
lar, are thought to have enhanced transmission of cultural 
knowledge and complex social connections. While this is 
certainly true, it must be balanced by the fact that, until 
recently, older and possibly disabled older persons com-
pete for scarce resources, which may decrease the survival 
of their offspring.

Let’s consider aging in the context of the past 100,000 
years of human history, since that is the time when our 
genes were selected. Our ancestors did not have access 
to plumbing, electricity, books, grocery stores, hospitals, 
doctors, or cell phones (and agriculture is only about 
10,000 years old). As we touched on above, our genes were 
selected because they were adaptive to us in the environ-
ment in which we were living around 100,000 years ago, 
not because they are adaptive in our current environment. 
For example, the most important nutritional problem our 
distant ancestors experienced was not having enough to 
eat. The foods available to our ancestors were not as high 
in calories as foods that are readily available today – they 
ate more vegetables, less meat, and no processed foods. In 
contrast, the most important nutritional problem today in 
middle- and high-income countries is having too much to 
eat. We have not had this situation of nutritional excess 
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long enough to develop effective genetic mechanisms to 
protect ourselves from overeating. Similarly, our ancestors 
were physically active out of necessity. If not, they would 
have had little to eat or drink and, perhaps, die. Even to-
day, many people around the world need to travel every 
day to get water.

So evolution favors youth. The situation is different for 
older people – we are not really made to live that much 
longer than 40 or 50 years. People over 50 years of age are 
not  as well protected from disease and loss of function. 
This doesn’t mean that aging itself is a disease, just that 
the balance of health is more delicate with advancing age. 
One way to consider this is to imagine a group of 70-year-
old men playing American-style football. There would be a 
stretcher on the field after every play and a long line-up of 
ambulances would be required.

The bottom line here is that survival to late years of age 
has been a relatively uncommon event in the 100,000 years 
of human history. Very few people got to be old until the 
twentieth century. Older persons are not as well prepared 
to face the stresses of the world because of the evolution-
ary factors discussed above. As a result, it is necessary for older 
persons to consider the effects of their lifestyle choices on their four 
reserve factors and their ability to age successfully. Awareness of 
these factors is important for our appreciation of the im-
pact which our activities have on our aging.

Our ancestors were more physically active than many 
people are today. Were they also more mentally active? 
Years ago, I was backpacking with my son in a side ra-
vine of the Grand Canyon in Utah. Even though we had a 
guide, we got lost and found ourselves deep in a canyon, 
and two miles away from our campsite when the sun set. It 
was dark and we had no flashlights (and cell phones with 
lights were 20 years away). After an hour of uncomforta-
ble scrambling, we were relieved to see a full moon  appear 
 directly above us, lighting the path back to the campsite 
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and helping us avoid stepping on rattlesnakes. As we 
walked, a thought occurred to me. Would the moon travel 
on a path parallel to the canyon, allowing for a few hours 
of  moonlight, or would the moon travel on a path perpen-
dicular to the canyon, in which case its light would soon be 
gone? I realized that this was the first time in my life that 
I had considered the path the moon was taking in the sky. 
In contrast, 20,000 years ago, our ancestor’s awareness of 
the cycles of the moon were vitally important for their 
 survival.

It is likely our ancestors were more mentally active 
than many people are today. To live in intimate daily con-
tact with the natural world one needs to be continuous-
ly aware of the environment. In the absence of farming, 
refrigerators, and grocery stores, our ancestors needed to 
know where to find food, how to stalk, kill, and butcher 
animals, what was safe to eat and what was poisonous, 
and what time of year it could be found. Equally import-
ant was the danger of threats from neighbors, predators, 
insects, weather, and other hazards. People needed to be 
aware of the world for their own protection. Such a high 
level of awareness of the natural world is not required for 
survival today. For example, consider my highly reliable 
way to determine if a mushroom is safe to eat. I know one 
bite of certain mushrooms can fatally damage my liver. My 
method for mushroom safety evaluation is that I will not 
eat it if it is not wrapped in plastic, and not sold in a store. 
Learning mushroom identification was important for my 
ancestors but it’s not one of my necessary skills.

These evolutionary considerations should frame our 
attention to the four reserve factors (cognitive, physical, 
psychological, and social). Because we are not “designed” 
by evolution for a long life, we must be prepared to use all 
the resources at our disposal to resist the challenges that 
we face as we get older. These reserve factors are needed 
to deal effectively with the many kinds of physical and 
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mental stress that we all encounter. Resilience requires 
abundant resources in the brain, the body, and social ties 
as well as healthy ways of responding to life events.

Conclusion

The need for us to take an active role in our own aging is 
illustrated by an 1884 quote about the advance of democ-
racy from the American poet James R. Lowell. “There is no 
good in arguing with the inevitable. The only argument 
available with an east wind is to put on your overcoat.” 
 Because aging is felt to be inevitable, people believe its 
manifestations cannot be altered. Understanding that ag-
ing is not inevitable allows us to prepare ourselves for a 
critical period in life’s journey. Not only can we wear the 
metaphorical overcoat to protect ourselves from the forces 
of aging, we can also do things to affect the magnitude and 
characteristics of our own aging process.

I toyed with the idea of calling this book Arguments 
with Aging, to represent the need to be actively involved 
in the process of aging, and not passive observers. Staying 
healthy and active with a life full of meaning as we age 
requires fierce, tenacious attention to the factors that not 
only protect us from the winds of aging, but also change its 
forces and manifestations.
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Education is what survives when what has been learned has 
been forgotten.

B. F. Skinner (1904–1990), American  
behaviorist and psychologist

We have just reviewed how aging presents us with signifi-
cant challenges to our survival, as well as to our function. 
The concept of the reserve factors allows us to appreciate 
the resources that we need to meet these challenges. As 
we age, our bodies need these reserve factors to rush into 
action and help us respond well to the stresses of our lives.

I propose that our four reserve factors serve to maintain 
our function and allow us to withstand the declines of ag-
ing and the demands of life events:

1. Cognitive reserve is made up of the brain’s ability to 
work effectively, perform its higher functions, and 
maintain resilience despite challenges.

2. Physical reserve is the capacity of all the body’s sys-
tems (cardiovascular, pulmonary, musculoskeletal, 
gastrointestinal, microbiota, and others) to perform 
well despite the changes caused by aging and the chal-
lenges that develop.

3. Psychological reserve is our ability to maintain 
healthy mental function and avoid agitation, anxiety, 
depression, and other unhealthy mental states.

4. Social reserve describes our interpersonal networks 
and support systems and our ability to be connected to 
others and society.

2 THE THEORY OF 
THE MULTIPLE 
RESERVE FACTORS
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The concept of the reserve factors is illustrated by this 
scenario. Imagine if Roger Federer was made to carry a 
50-pound pack on his back during a tennis match. Surely, 
his function would decline, but not as much as weekend 
athletes. I am a so-so amateur tennis player. If I were forced 
to carry a 50-pound pack on my back, my abilities would 
be more severely impaired than those of Roger Federer be-
cause I have a much lower reserve capacity compared to 
the man who has won multiple Australian Open, Wimble-
don, and US Open titles. This is because I’m a less talented 
tennis player (you should see my backhand) and have less 
physical capacity than Federer. In short, I have a lower lev-
el of physical reserve than he does.

All four reserve factors contribute directly to protection 
from the Alzheimer’s disease process in the brain, as well 
as influencing the changes in cognitive function with ag-
ing. All of these factors contribute to the ability of a person 
to maintain function in the face of trials which may impair 
cognition. We will start the discussion of the four reserve 
factors with a review of cognitive reserve.

Cognitive Reserve Factor

The fitter our brain is, the more it can withstand 
impairment from aging or disease.

The fitter our brain is, the more it can withstand impair-
ment from aging or disease. In the 1980s, a mentor of 
mine, Robert Katzman, together with other colleagues 
at the Albert Einstein College of Medicine in New York, 
showed that education was protective against the develop-
ment of Alzheimer’s disease. People who were more edu-
cated had a lower risk of getting the disease and had onset 
at later ages than people with less education. The advan-
tage provided by education was originally referred to as 
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“neuronal reserve.” In more recent times it is known as 
cognitive reserve, which has also been referred to as cere-
bral reserve, brain reserve, cognitive flexibility, or resili-
ence (see Figure 3).15

One meta-analysis16 showed a 7 percent decline in the 
risk of dementia with each additional year of education.I 
In our studies in Israel, in an Arab community, we found 
that even a few years of education have a protective effect.

Education is not the only measure of cognitive activity, 
of course. Many people who are denied education don’t go 
on to have stimulating occupations because of economic 
or other social factors. However, those same people may 

I A meta-analysis is a systematic summary of previously obtained 

research data.

Figure 3 Cognitive reserve factor
People with more cognitive reserve start at a higher level 

of cognitive function (A) than persons with low cognitive 

reserve (B). Because of this, people with high cognitive reserve 

will show declines later in life (C) and develop dementia later 

(E) than persons with low reserve (D, F). Persons with a high 

level of cognitive reserve may show more rapid decline after 

onset of impairment (G) than persons with low reserve (H). 

(Adapted from reference 15.)
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write poetry, or enjoy solving differential equations. A 
person’s mental life cannot be defined by their education 
or occupation. My research group published the results of 
a study in 2001, showing that a higher cognitive demand 
of occupational activities is associated with a lower risk of 
dementia with aging. The study focused on the effect of 
non-occupational activities in middle-aged people, both at 
work and at home, in midlife (ages 20–60).17 My reasons for 
choosing this focus was that I felt educational and occupa-
tional activities were not a complete measure of a person’s 
mental activities.

Our study of non-occupational activities included 193 
people with Alzheimer’s disease and 358 people without 
the disease. The chance of being in the Alzheimer’s dis-
ease group was nearly four times higher for people who 
had less than the average number of activities. People 
with Alzheimer’s disease were more likely to have par-
ticipated in fewer intellectual activities. Several studies 
by others support the conclusion that cognitive activities 
either in school, at home, or at work reduce the risk of 
dementia.17,18

Do Alzheimer-Related Changes in the Brain Always 

Cause Impairment?
About one-third of people over the age of 65 years who have 
neuroimaging or neuropathological evidence of Alzheim-
er’s disease do not have dementia. These individuals may 
have been protected by high levels of the cognitive reserve 
factor. Studies of centenarians in the Netherlands show 
that subjects with both amyloid plaques and neurofibril-
lary tangles in the brain often remain cognitively normal 
for years despite Alzheimer-related changes in the brain. 
This led the authors to conclude: “Dementia is not inev-
itable at extreme ages, which may be explained by resili-
ence against Alzheimer’s hallmarks and risk factors.”19 
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Physical and mental activity enhances the production of 
new neurons in the brain and increases the secretion of 
growth factors that help delay the progression of Alzheim-
er’s disease. This is surprising and encouraging. In other 
words, a person’s behavior is determined not only by the 
progress of the of disease but also the ability of the brain 
to deal with the disease.

Physical and mental activity enhances the pro-
duction of new neurons in the brain and  increases 
the secretion of growth factors that help delay 
the progression of Alzheimer’s disease.

What Time Periods Are Important for the Development 

of Alzheimer’s Disease?
Before the onset of memory loss, there is a long presymp-
tomatic period during which the Alzheimer’s disease 
 process develops in the brain. As we will see in the chap-
ter on  neurodegenerative disorders (Chapter 5), the patho-
logical process in Alzheimer’s disease begins two decades 
or more before the initial symptoms are observed: it is a 
slow process allowing a long period during which inter-
actions among brain pathways – including psychological, 
 social, and environmental factors – may develop. The brain 
changes in the age-related neurodegenerations develop 
over many years, and the impaired function which is the 
outcome of these changes is not apparent until the struc-
tural loss in the brain becomes substantial.

The Nun Study of Aging and Alzheimer’s Disease was 
an innovative, long-term study that illuminated many 
aspects of aging. Begun in 1986, it examined the lives of 
678  Roman Catholic nuns in America. The study included 
psychological tests and post-mortem examinations. Inves-
tigators found that early-life linguistic ability was  related 
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to late-life cognitive decline and Alzheimer’s  disease 
 neuropathology. It is also believed that they were protect-
ed by their high level of social interactions throughout 
their lives.20,21 The researchers also found that many sis-
ters had brain pathology suggestive of Alzheimer’s disease 
but they remained cognitively intact until death, many in 
their 80s and 90s.

The relationships between cognitive activities and cog-
nition are important in all stages of life. Cognitive activ-
ities in the early, middle, and later years are all protective 
against cognitive decline.8 David Bennett and colleagues 
in Chicago have shown22 that “early life cognitive enrich-
ment” (intellectual stimulation) is associated with reduced 
Alzheimer’s disease pathology later in life as well as less 
cognitive decline.II The influence of mental activities 
may delay the onset of dementing illness through the en-
hancement of cognitive reserve. Because the onset age of 
Alzheimer’s disease is so late in life (usually after age 70) a 
delay of only a few years can have a big impact.

This is good news for all of us. Things that we do over 
the many decades of midlife and late life can influence 
these brain changes with aging because they develop so 
slowly. As we will see in Chapter 15, we can enhance our 
cognitive reserve factor through participation in mentally 
stimulating actions throughout our lives.

What Does Learning Do to the Structure of the Brain?
Mental activities, including memory, reading, speaking, 
perception, understanding, abstraction, music, and art 
(and many other functions of the brain) all involve the 
activation of neurons and neuronal networks (complex 

II Considerable excellent work on cognitive reserve has also been 

done by Yaakov Stern and his group at Columbia University in 

New York City.
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patterns of interconnected neurons). These processes all 
cause elevated cerebral metabolism of glucose and oxy-
gen, increased cerebral blood flow, and the production of 
neuronal elements involved in cell-to-cell communication 
(dendrites and axons). This means that the structure of the 
brain is changed by learning.

Learning sparks brain activity, which has 
healthy benefits.

Learning sparks brain activity, which has healthy bene-
fits. When you read a non-fiction book and begin to see 
connections to new things, your brain is stimulated. When 
you use a mobile phone language app on your phone, your 
brain is stimulated. Complex social interactions as part of 
a volunteer activity may also stimulate your brain. These 
actions create tiny, yet important, changes on a molecular 
level, known as “neuronal activity” or the electrical firing of 
neurons.

Neuronal activity also increases the production of new 
neurons and growth factors, as well as more cerebral cap-
illaries – further boosting cognitive reserves. All mental 
processes involve the electrical activity of neurons (neur-
onal firing) and this neuronal firing inhibits neuronal de-
generation. Neuronal activity is central to the health of the 
brain. It promotes the production of neurotransmitters, 
resistance to over-excitation, protection from toxins and 
free radicals, repair of DNA damage, enhanced intricacy 
of the tree of neuronal connections (neuronal networks), 
improved regulation of the stress response, and better 
and more healthful processing of disease-related proteins. 
Mental activities also keep the brain flexible. This is of par-
ticular value with aging, as alternate strategies can mask 
the presence of functional decline.

A recent study shows23 that neuronal activity also enhanc-
es the function of the cells lining cerebral blood  vessels, 
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improving the function of the blood–brain  barrier.III The 
blood–brain barrier is like a fence with serious security 
features that controls entry and exit to regulate the brain’s 
environment to keep it healthy.

The benefits of this neuronal activity apply, as well, to 
other forms of dementia. Higher levels of cognitive reserve 
will be protective against the impairment in mental status 
caused by other illnesses, such as Pick’s disease, Lewy body 
disease, and Parkinson’s dementia as well as vascular cog-
nitive impairment.

Physical Reserve Factor

Cognitive function is an accomplishment of the brain, and 
our level of cognitive function is dependent upon many fac-
tors including neuronal activity, metabolism, cerebral blood 
flow, and cognitive reserve capacity. But this is not enough. 
The brain’s abilities to perform is dependent on several 
non-neurological matters, including interactions with all of 
the body’s systems and the microbiota. Impaired function 
of the heart, kidneys, lungs, hematological, and other sys-
tems can affect brain function. Actions of the immune sys-
tem are also a critical component of physical reserve.

The physical reserve (sometimes called systemic  reserve) 
factor includes many elements of the body: the function of 
the brain and peripheral vessels, hypertension, diabetes, 
kidney, heart and pulmonary function,  polypharmacy, sen-
sory deficits, inflammation, nutrition, and the  microbiota. 
The microbiota contribute to this reserve factor by helping 
preserve cognitive function. As discussed in  Chapter 21 on 

III The blood–brain barrier is a critical component of the brain’s 

circulation. It protects the brain from entry of potentially 

harmful agents from the blood, controls exit of molecules from 

the brain, and is essential for maintenance of a healthy brain.
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the microbiota, the complexities of the gut influence in-
flammation, and can be responsible for over- or underac-
tive immune responses in the body.

When you exercise, something called brain-derived 
neurotrophic factor (BDNF) is generated. BDNF is a growth 
factor for neurons which enhances memory and learning. 
This is a lovely protective effect of riding your bike, run-
ning, shooting hoops, or participating in a sweaty class at 
the gymnasium. You cannot buy BDNF in the store and, 
if you could get it, it would have to be injected directly 
into the spinal fluid. But you can get more of it from exer-
cise! It is well established that physical exercise increases 
the health of blood vessels (lower blood pressure) and aids 
cognitive function in later ages.8 Exercise helps keep your 
blood pressure lower. A healthy lifestyle in early life, such 
as a good diet and physical activity, improves cognition in 
later life.

A healthy lifestyle in early life, such as a good 
diet and physical activity, improves cognition in 
later life.

The complexity of the physical reserve factor is best 
illustrated by smoking. Data suggest that cigarette smok-
ing is a risk factor for Alzheimer’s disease. This may be 
because of the toxic effect of the addiction on the brain 
and the brain’s circulation. Smoking impairs circulation 
throughout the body, particularly in the heart and kid-
neys, and also causes impaired respiratory function. A life-
time of smoking damages cardiac, respiratory, circulatory, 
immune, and kidney function, in a way that reduces phys-
ical reserve and allows Alzheimer’s disease to progress at 
a faster pace. Stopping smoking is an outstanding way of 
increasing physical reserve.

Chronic kidney disease is found in about 9 percent of popu-
lations worldwide. The kidneys manage our homeostasis  
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and direct several functions, such as acid–base equilibrium, 
water balance, blood pressure control, and glucose levels. 
Brain function can easily be impaired by kidney problems in 
older persons.24 Research has documented that the decline 
of kidney function in midlife is associated with a worse cog-
nitive performance. Avoidance of diabetes and hypertension 
can help to preserve kidney function with aging. And the 
risk of diabetes and hypertension is related to diet, physical 
activity, and obesity.

Psychological Reserve Factor

Psychological reserve includes resilience from depression 
and stress, and effective responses to conflicts and grief. A 
high degree of psychological reserve involves the ability to 
use different strategies for coping with stress.25 The early 
treatment of depression through behavioral or pharmaco-
logical means may help to delay the onset of Alzheimer’s 
disease through increased participation in social tasks 
as well as physical and mental activities. Depression is a 
modifiable risk factor for Alzheimer’s disease.26 People 
who are emotionally more stable and have more resilience 
and conscientiousness have an increased resistance to 
cognitive impairment, even among those with markers of 
Alzheimer’s disease in the brain.27,28

As people age, they often face a problem of diminish-
ing gratification, as the rewards of work may be lost and, 
sadly, many persons have no interests outside of work. (It’s 
really true: “All work and no play make Jack a dull boy.” 
Pick up a hobby. Make friends. Join a group.)

The Austrian neuropsychiatrist Víktor Frankl has pro-
posed that our search for meaning is a critical matter in 
our mental health. Meaning is often lost with aging be-
cause of the loss of work and the passing of friends and 
family members. Frankl said, “Those who have a ‘why’ 
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to live, can bear with almost any ‘how’.” It is important 
that meaning be sought through life at all ages and that 
ways to preserve meaning with aging can be pursued. (See 
Chapter 16.)

It is important that meaning be sought through 
life at all ages and that ways to preserve mean-
ing with aging can be pursued.

Withdrawal from the world limits the opportunity to 
integrate one’s life in later years. It’s important to stay in-
volved in one’s community through volunteering, talking, 
and listening to others, mentoring, making new friends, 
and finding joy in the world. According to psychoanalyst 
Erik Erickson, humans face a new challenge beginning at 
about the age of 65.29 As people face the reality of a not-
too-distant death, they must choose between integrity 
and despair. If a person feels a sense of accomplishment, 
acceptance, and some wisdom, then it is likely that they 
have landed at a healthy place of integrity. This is much 
better than the bitterness, regret, and hopelessness one 
has when surrounded by feelings of despair. Finding in-
tegrity isn’t easy because aging may be accompanied by 
losses which damage our reserve capacity. Clearly, it is in 
our interest to strengthen our reserve factors in early life.

With aging, there is often a shift from doing to thinking, 
from planning to reminiscing, and from preoccupation 
with everyday events and long-range planning to review-
ing and rethinking one’s life. This may be a problem for 
people with early life trauma, who might have spent most 
of their time fighting off their memories. As cognitive 
function declines, they may have difficulty stopping harm-
ful memories from returning. These interactions can lead 
to depression, social isolation, and a reduced capacity of 
the reserve factors to protect them from cognitive losses.
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The concept of the psychological reserve factor helps 
to clarify the need to recognize the importance of mental 
health with aging. We must not wait for challenges to pre-
pare our response mechanisms. We should enhance our 
psychological reserves by learning to practice acceptance, 
finding meaning and being actively engaged with others 
and the world.

Social Reserve Factor

Social reserve is comprised of family resources and other 
social networks, including marriage, occupational and rec-
reational activities, money, environmental stimulation, 
and engagement or isolation. The cognitive stimulation 
provided by social interactions is critical for health at all 
stages of life. For the past 100,000 years or more, our an-
cestors lived in community settings and the genes which 
we have now were adaptive to that environment. Our 
forebears had contact with multiple generations of their 
families. Excellent evidence shows that social support sys-
tems are critical for health. Socially stimulating activities 
improve cognition in elders, and better social networks 
means improved cognitive function with aging. Physical 
and cognitive inactivity is related to poverty, loneliness, 
and social isolation. This inactivity is also linked to demen-
tia. Social isolation increases the risk of coronary artery 
disease and stroke. In experiments, disease model mice 
that lacked social, physical, and cognitive engagement 
suffered from Alzheimer’s disease brain changes at higher 
rates than other mice.

Socially stimulating activities improve cogni-
tion in elders, and better social networks means 
improved cognitive function with aging.
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Clearly, social bonds have desirable consequences at all 
stages of life. Resilient social support aids both health and 
longevity. Fitness and resilience are aided by strong social 
ties. Researchers from the University of California, Los 
Angeles, observed that people with Parkinson’s disease 
who have fewer meaningful social interactions are at an 
increased risk for more severe symptoms. This may be re-
lated to impaired diet and exercise (see Case Study 1).

Friendships, close relationships with siblings, chil-
dren, and lovers are extremely important to a healthy 
life. Who doesn’t love being with people who make them 
laugh or people they can have a stimulating conversation 
with?

Lonely individuals may be twice as likely to develop 
Alzheimer’s disease in late life than those who are not lone-
ly, according to a study by researchers at the Rush Alzheim-
er’s Disease Center in Chicago.30 Loneliness is related to poor 
health and functional limitations, which cause impaired so-
cial participation and diminished contact with friends and 
relatives. Loneliness is also a risk factor for mortality. It has 
been noted that well-integrated people are more resilient 
when facing stress. Lonely people exercise less, eat less nu-
tritious food, and are less likely to properly take prescribed 
medications. This is a major problem with aging because of 
the loss of family and friends with the passage of years.

One way to fight off loneliness is by developing strong 
social networks. Kentucky author Wendell Berry writes 
that community is “the smallest unit of health and that to 
speak of the health of an isolated individual is a contradic-
tion in terms.”31 This is expressed poignantly by Quiz Kid 
Donnie Smith (as played by William H. Macy) in the movie 
Magnolia (1999). “I really do have love to give!” he said. “I 
just don’t know where to put it!”

Loneliness is an especially important problem for wom-
en. In 1993, elderly men in the United States were nearly 
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twice as likely as their female counterparts to be married 
and living with their spouse (75 percent versus 41 percent). 
Elderly women, on the other hand, were more than three 
times as likely than elderly men to be widowed (48 percent 
versus 14 percent). Thus, while most elderly men have a 
spouse for assistance, especially when health fails, most 
elderly women must face life’s challenges alone.

It has been observed that people place greater emphasis 
on positive social connections as they get older, probably 
because of increased awareness of their mortality.32 The 
development of positive social relationships in aging is 
a vital factor in determining happiness. People with an 
inappropriately negative view of aging may fail to make 
meaningful interactions because of their negative expec-
tations. It is an important goal of this book to appreciate 
the opportunities provided by aging, because what we do 
makes a difference.

Case Study 1

An 82-year-old retired engineer brought in by his daugh-
ter is seen because of the rapid onset of marked memo-
ry failures. She noted that three months ago her father 
became forgetful, inattentive, and had trouble finding 
the right word. His daughter reported that he was una-
ble to use a can opener, toaster, and other kitchen ap-
pliances. He also had trouble finding his way around, 
even in familiar surroundings. He had difficulty comb-
ing his hair, using the toilet, and was forgetful. By talk-
ing to the daughter, I learned that he was intact until 
three months ago when she visited him at home and 
found that he had not washed and was not eating. He 
no longer knew the details of his treasured stamp col-
lection and did not know where he had put the key to 
his car. His wife of 45 years had died six months  earlier, 
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Conclusion

The four reserve factors discussed here are all related to 
each other; they are not distinct but are based on a com-
plex network of interactions. Developing your cognitive, 
physical, psychological, and social reserves will lessen the 
effect of reduced brain function in later life. Furthermore, 
enhancement of these factors will also diminish the dis-
ease processes themselves. Evidence for these relation-
ships is substantial (see Figure 4).

I refer to this reserve concept as “the theory of the mul-
tiple reserve factors.” The word “theory” is used because 

and it was believed that his function was good before 
that. I learned that his wife had never allowed him to do 
any work in the kitchen and that she had always been 
present in the car to tell him where to go. I ordered an 
MRI scan of his brain. The scan showed evidence of cor-
tical atrophy, worse in the parietal lobes, suggestive of 
Alzheimer’s disease. Blood tests and examinations did 
not reveal any other cause of cognitive impairment. 
It is likely that the relatively rapid progression of his 
illness was not related to a sudden onset or worsening 
of Alzheimer’s disease pathology in the brain but rather 
a change in his social environment. After his wife died, 
his main support system was gone, and his cognitive 
deficits became clear.

This scenario is commonly encountered in older peo-
ple who are doing well but have a loss of social support 
or acquire a systemic illness (also known as a “comorbid-
ity”), and then develop a rapid onset of cognitive impair-
ment. This often happens to people with urinary tract 
infections, coronary artery disease, pulmonary insuffi-
ciency, or medications. It can also be due to a change in 
social environment or onset of depression.
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Figure 4 The four reserves and Alzheimer’s disease 

(A) This figure was produced by gerontologist H. S. Wang in 1977 to 

illustrate how the manifestations of dementia are the result of the 

interactions of cognitive, physical, psychological, and social factors. 

(Adapted with permission from reference 33.) (B) The four reserve 

factors all influence the development of the Alzheimer’s disease 

process in the brain as well as the influence of that process on 

cognitive impairment. Each of the four reserve factors also interacts 

with all the others. The minus signs indicate that high levels of each 

of these factors serves to inhibit the Alzheimer’s disease process in 

the brain as well as delay the development of cognitive impairment 

caused by the brain pathology.
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the four reserve factors involve the most complex aspects 
of human life, over the course of a lifetime, and cannot be 
comprehensively evaluated with placebo-controlled, dou-
ble-blind, randomized trials conducted over short time pe-
riods.34 Despite this, there is already considerable evidence 
that supports the importance of these reserve factors.

Interactions and interdependencies have important 
implications for public policy. Government efforts aimed 
at enhancing the availability of education, increasing 
physical activities, and improving access to healthcare 
will  reduce the severe personal and economic burden of 
 neurodegenerative disorders associated with aging.

Consideration of the four reserve factors is essential 
for achieving the goals of aging. It is not enough to have 
good cognitive reserve if you cannot enjoy life because of 
physical impairments, social isolation, and an inability to 
appreciate the joy of living. It is not enough to have out-
standing cardiovascular function if cognitive reserve has 
not developed in such a way that successful strategies and 
flexibility can maintain function. It is not enough to have 
excellent cognitive and physical reserve, but no interest in 
other people (poor psychological and social reserve). Life 
strategies can be developed to enhance the ability to de-
velop and maintain all of these four reserve factors to aug-
ment the opportunities presented by aging.

The key word here is diversity. We must respect the 
needs of our diverse parts that allow us to meet our goals in 
aging. The concept of these four reserve factors is designed 
to frame our approach to lifestyle decisions, and an aware-
ness of them is needed to enhance the goals of aging. For-
tunately, there are many ways this can be accomplished, as 
we will see in Part II of the book, Chapters 12–25.
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The brain is a world consisting of a number of unexplored 
continents and great stretches of unknown territory.

Santiago Ramón y Cajal (1852–1934), Spanish  
neuroscientist, winner of the Nobel Prize in  

Physiology or Medicine, 1906

Is the Brain an Organ?

Before we consider the miracle of the brain, we must de-
cide what to call it. We are taught through school and 
reading that the body has several organs.  The second-cen-
tury Greek physician Galen said that an organ is “ … a part 
of an animal that is the cause of a complete action, as the 
eye is of vision, the tongue of speech, and the legs of walk-
ing; so too arteries, veins and nerves are both organs and 
part of animals.” The word “organ” comes from the Greek 
organon for “instrument or tool,” which is an object with a 
specific vital function.

The challenge in defining the brain’s function is 
simple: the brain does not have just one function –  
it has all the functions.

Most of us know that the heart pumps blood through-
out the body, the lungs absorb oxygen and discard carbon 
dioxide, and the kidneys filter the blood. But what  exactly 
is the function of the brain? The challenge in defining the 
brain’s function is simple: the brain does not have just 
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one function – it has all the functions. Everything we do, 
whether consciously or automatically, is controlled or in-
fluenced by the brain. Aside from the obvious role of the 
brain in thought, consciousness, perception, attention, 
vision, hearing, taste, abstraction, anticipation, language, 
art, love making, and other processes, the brain is also busy 
monitoring everything that happens to us and managing 
the balance of our existence. The growth of hair is influ-
enced by sex hormones produced by the gonads, under the 
influence of the pituitary glands that are coordinated by 
the brain. If we walk into a steakhouse and are confronted 
with the odor of grilled steak, our brain will send signals 
to the gastrointestinal tract to prepare for a high-fat meal. 
(And hopefully the brain will consider the impact of die-
tary decisions on health and choose a vegetarian or fish 
dinner, see Chapter 20.)

This list of roles that the brain plays in our lives could 
go on for a long time and is the subject of several books. 
(I recommend The Idea of the Brain35.) Because of its many 
functions, I’d argue that it’s not reasonable to consider the 
brain an organ. The problem with calling it an organ is 
that people have a tendency to lump it in with other or-
gans, leading to an underappreciation of its profound com-
plexity and importance. When we consider the brain to 
be an organ, we are framing our viewpoint in a restrictive 
way, enhancing the view that it is of an equivalent nature 
to other organs.

Awareness of the unique and central role of the brain in 
our lives helps us to appreciate the importance of its con-
tributions. The brain is uniquely complex, adaptable, and 
sensitive to injury. When making decisions about what 
activities to pursue and what food to eat, always consider 
the welfare of the brain. It is a powerful and multifaceted 
 essential part of the body.

My son’s high-school biology textbook featured chap-
ters on the organs of the human body. Each week, I’d ask 
him, “Are you studying the brain yet?” And each week 
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he’d reply, “No.” At the end of the semester, he told me his 
class never reached the chapter on the brain, because they 
didn’t have enough time. You may be surprised to learn 
that a residency in internal medicine in the United States 
is three years in length, and during those 36 months, the 
internists in training study neurology for just one month. 
These are but two examples of the mistakes that develop 
when the brain is considered to be an organ.

Perhaps we could say, “The brain is not an organ, it is 
the organist.” The musical instrument called the organ is 
the largest of all (and the only one requiring special shoes). 
Such an organ may have four different keyboards for the 
hands and one for the feet, and various controls for sound 
intensity and tone. It’s a complex instrument, but the ana-
logy stops there. With the organ, it’s possible to see and ap-
preciate the skill of an organist, and hear the result of the 
organist’s work, but the brain’s work is largely invisible.

I suggest that the brain be considered the hegemon: the 
master, commander, supreme leader, and chief.I I know 
that as a neurologist I am not an unbiased observer. But 
I feel that lack of respect for the brain and its role in our 
lives is a major problem. It is difficult for us to comprehend 
the brain as it is so very different from all other  objects we 
have known, so it is hard to compare it to other things we 
have experienced.

Is the Brain a Computer?

The brain is the most complex object in the universe. 
 Although it does computations, it is not a computer. The 
best way to see the difference is to consider a current-day 

I I am is grateful to Shigehisa Kuriyama of Harvard University for 

suggesting that the brain is the organist, and Stavros Baloyannis 

of the University of Thessaloniki for suggesting that the brain is 

the hegemon.
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laptop computer. If a computer scientist is given the lap-
top and asked what programs are uploaded on it, such a 
determination cannot be made if the computer cannot be 
turned on, and if no electrical or magnetic investigations 
can be conducted. The computer is physically static (not  
changing) in a material sense. Information is stored on the 
computer’s hard drive, but this information is of an elec-
tromagnetic nature and is not maintained by anything a 
computer scientist can detect without devices. The brain, 
on the other hand, is not static, but dynamic (also called 
plastic). It is wonderfully adaptable.

The structure of the brain represents how it has been 
used and the structure of a computer represents only its 
potential use. The way a computer is used does not influ-
ence its structure, only its stored information. The brain is 
similar to a muscle, in that its structure and function are 
influenced by how it is used. But the complexity of this 
relationship is much more intricate for the brain, because 
it relates to all of our abilities, skills, talents, fears, hopes, 
and cognitive capacities – and let’s not forget, conscious-
ness. Unlike computers, the brain is not digital. Because 
of the brain’s adaptability, our cognitive reserve is capable 
of change; it is intricately responsive to what we do. When 
we exercise vigorously, it increases our cognitive and phys-
ical reserve factors. Likewise, when we gorge ourselves on 
fatty foods, it decreases these reserves. This is definitely 
less of a problem for the young because they have plenty of 
both, but older people need to be much more thoughtful 
in their decisions about how much to exercise, what to eat, 
and nurturing healthy relationships in their lives.

Metaphor is a valuable mechanism for the representation 
of ideas, but all metaphors are approximations. When we 
say a person is a “shining star” we do not mean the person 
is a celestial body. Biologist Matthew Cobb has discussed 
the use of the metaphor of the brain as a computer,35 and 
indicated that, by holding tightly to  metaphors, we end up 
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limiting what and how we can think: “ … we may indeed 
be approaching the end of the computational metaphor. 
What is not clear, however, is what would replace it.” This 
is a central dilemma in understanding the brain. The brain 
is so monumentally complicated that there are no similar 
structures with equivalent complexity. So, we should be 
cautious in using metaphors to aid our understanding of 
the brain. Considering the brain to be a computer leads us 
to fail to appreciate its magnificent and vital adaptability 
and sensitivity.

Considering the brain to be a computer leads 
us to fail to appreciate its magnificent and vital 
adaptability and sensitivity.

The reason that the distinction between the brain and 
a computer is important is that it is vital to understand 
the capacity of the brain for change and the dependence of 
the brain upon the environment. (These attributes do not 
apply to computers.) Consider the little finger on the left 
hand of a cellist. The cellist’s brain is very concerned and 
attentive to the position of this little finger, as its position 
determines the frequency of the sound produced by the 
string touched by that finger. When you hold a beer can, 
the relationship of the little finger to the other fingers of 
the left hand is of no concern – not so for the cellist. As 
cello students learn, they attend to the sounds produced 
by the different positions of the little finger, and therefore 
expand the connections between the receptors for posi-
tion sense in their fingers and the brain regions involved 
in hearing. This plasticity of the brain is involved in all 
learning, as learning increases the complexity of neuronal 
connections, the density and size of neurons, the produc-
tion of new neurons, the synthesis of neurotransmitter re-
ceptor proteins and growth factors, the density of blood 
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vessels, the capacity for blood flow and metabolism, and 
even the resistance to toxic insults caused by free radicals 
or other products of metabolism. Recent studies suggest 
the formation of new synapses is managed by important 
cells in the brain which are not neurons but supporting 
cells called microglia, whose activities are modified by the 
body’s microbes. This means that our capacity for  learning 
is influenced by our gut microbes, illustrating an interac-
tion of physical reserve (the microbiota) with our cogni-
tive reserve (synapse formation). What we eat influences 
our gut bacteria, which affect our immune system, which 
influences the activities in the brain involved in learning. 
The practical impact of this important process is just be-
ginning to be explored. This scenario is one of many rea-
sons to choose a high-fiber diet low in saturated fat. And 
it  provides further evidence that what we do makes a 
 difference!

The Adaptability and Complexity of the Brain

We are capable of learning and memory because of the 
brain’s profound adaptability and complexity. It is well 
known that the capacity of learning and the plasticity of 
the brain is greatest in early life, the best example being the 
ease of language learning in children. Kids growing up in 
bilingual households often learn two languages (or more) 
instead of just one. The brain’s flexibility is also illustrated 
by the observation that in subjects blind since early life, an 
area of the brain involved in seeing, called the visual cor-
tex, becomes involved in hearing, touch, and perception, 
as well as cognition.36 A UK study measured the size of the 
brains of London cab drivers before and after learning the 
maze of the crazily complex streets in that city. In order to 
obtain a license to drive a cab, drivers must pass a rigorous 
exam on the streets of London known as “The Knowledge.” 
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(I wish that such an exam was also required for taxi drivers 
in New York City.) Researchers discovered37 that the size 
of the drivers’ hippocampus, a brain region involved in re-
calling spatial relationships, grew after this arduous task.II

The remarkable adaptability and plasticity of a child’s 
brain is not lost completely in older people, although it 
is reduced. Older people are certainly able to have new 
accomplishments. Consider Daniel Miller of Ohio, who 
played tennis in high school but stopped playing as he 
joined the US Navy to fight in World War II. He saw ac-
tion during the D-Day invasion of Normandy. After the 
war he did not play again until the age of 50. He continued 
playing for the next 40 years with a remarkable record of 
achievement, winning both singles and doubles champi-
onships in his age group at US national tournaments. His 
final tournament win was in 2006 at the age of 90. Many 
times, he was ranked number one in his age group in the 
world. When I played him in 1997, he was 81 and I was 49. 
He was the number-one-ranked player in the world at the 
time. (I shouldn’t hesitate to add that he was the number 
one player in the world amongst those of 80–85 years of 
age.) I narrowly defeated him, and I was exhausted at the 
end of the match; he was not. His outstanding physical re-
serve contributed to his survival to the age of 98.

There are few professional musicians who picked up an 
instrument after the age of 15, but it is possible for older 
adults to learn to play a musical instrument. Older people 
are able to learn new things, and there is no age at which 
significant learning is not possible. Claudio Monteverdi 
(1567–1643) wrote an opera at the age of 76, and Charles 

II The hippocampus is a brain region involved in memory, 

emotions, and spatial relations, which is shaped like a seahorse, 

hence the name hippocampus, the Latin name of the seahorse. 

The hippocampus helps us navigate life, not just space.
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Darwin wrote an important book at the age of 72: The 
 Expression of Emotions in Man and Animals (1872). Eric Kan-
del is a 91-year-old psychiatrist, winner of the Nobel Prize 
in Physiology or Medicine, who remains an active force 
in neuroscience. Claude Monet painted his great water 
lily landscapes in his 80s and Titian, Matisse, Picasso, and 
 Michelangelo all remained creative in their 80s.

The complexity, sensitivity, and adaptability of the 
brain is key to understanding brain aging. While the 
work of muscle is contraction, and the work of the heart 
is pumping, the work of the brain is learning (along with 
everything else the brain does consciously or unconscious-
ly). There are reportedly 86 billion neurons in the human 
brain. Each neuron may be connected to 10,000 or more 
other neurons. Neurons connect to one another with a 
small space between cells, called a synapse. Chemicals 
secreted into the synapse are called neurotransmitters. 
There are many neurotransmitters, communicating infor-
mation from one nerve cell to another. Some of these are 
 excitatory, which increase the firing rate, and some are 
inhibitory, which decrease the firing rate. Others are mod-
ulatory (they exert a controlling influence) and change the 
effect of other molecules. Some neurons use one neuro-
transmitter, and others may use several. There are also 
 direct contacts between nerve cells which allow for com-
munication without any chemical mediators.

Consider the complexity of the NASA space probe Juno, 
which has been orbiting the solar system’s largest planet, 
Jupiter (five times farther from the Sun than Earth) since 
2016. The spinning solar-powered ship is designed to help 
us understand the beginning of our solar system. Juno dis-
covered that Jupiter’s core is not solid and found water ice 
on its largest moon, Ganymede. Certainly, such an instru-
ment as Juno is incredibly intricate and has complex wir-
ing and advanced computers. Juno represents the height 
of human technological accomplishment. However, in 
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terms of complexity, Juno is orders of magnitude simpler 
than the human brain.

We are greatly limited in our ability to under-
stand the brain because of its complexity.

We are greatly limited in our ability to understand 
the brain because of its complexity. Of course, we would 
like to understand memory, perception, language, com-
prehension, and other advanced functions of the brain. 
And understanding how consciousness works presents 
an enormous challenge to scientists. As we consider 
problems of such great importance and difficulty, con-
sider the fly. There are flies that can hover in flight and 
can change the angle of attack of their wings, in order 
to alter their position with incredible precision. We all 
know how hard it is to catch them! Even though they may 
have only about 130,000 neurons we cannot yet under-
stand how they are able to maneuver in the air with such 
 astonishing  dexterity. It’s not hard to see how we have 
not yet solved the problem of consciousness, if we have 
not yet comprehended how a fly can hover. Part of this 
problem is that brain research has been devoted largely 
to the study of neurons, and not behavior. British neu-
roscientist David Marr wrote:38 “Trying to understand 
perception by understanding neurons is like trying to un-
derstand a bird’s flight by studying only feathers. It just 
cannot be done.”

It is widely believed that our understanding of the brain 
is fundamentally limited. As stated by cognitive scien-
tist M. A. Minsky:39 “If the brain was simple enough to be 
understood – we would be too simple to understand it!”

What we do know about the brain hints at its enormous 
complexity. Have you noticed that a movie camera placed 
on a walking filmmaker’s shoulders produces a jerky re-
cording, which is unpleasant to watch? But our head, 
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which houses our eyes, is also connected to our shoulders. 
Why does our visual world appear so stable and calm for 
us, even when we move our head? The answer is that our 
inner ears contain a complex sensory apparatus which 
records with great precision the position of the head in 
space at every millisecond. This information is sent via 
nerves from the inner ear to the brain, and the brain cal-
culates exactly what the eye muscles must do to balance 
the movement of the head so that our visual world is per-
fectly adjusted. This process involves the six muscles of 
each eye and also information about the position in space 
of the neck at every moment. And each eye muscle is con-
trolled by a balance of excitation and inhibition. For ex-
ample, when we look to the right, muscles on the right 
side of the eyes serve to pull the eyes over to the right. At 
the same time, the muscles on the left side of the eyes are 
relaxed to make it easier for the right-sided eye  muscles to 
move the eyes. When the function of the nervous system 
is impaired, for example by alcohol, the activity of these 
intricate neuronal pathways is weakened and the result 
is the sensation of dizziness, difficulty walking, and fall-
ing.III This shows how the stability of our daily lives is an 
accomplishment of the brain achieved though complex 
networks of neurons.

Our experience of the “steadiness” of everyday life is a 
monumental achievement of the brain. The complex ar-
rangement of receptors to detect position and movement, 
circuits of neurons (neural networks) to analyze the incom-
ing information, and actions to maintain stability is be-
yond consciousness. We are not aware of these processes, 
but they are critical for our ability to act in the world.

III The inner ear structures involved in this process are the 

semicircular canals. In addition, the otolith organs in the inner 

ear perceive movements of the head in all possible directions, 

and tell us where the ground is at all times.
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How Can We Understand the Brain?

The seventeenth-century anatomist Nicolaus Steno  pro-
posed that to comprehend the brain, we needed to take 
it apart. This approach led to the study of brain function 
from observing the effect of brain damage on behavior. 
This line of inquiry has revealed many insights about the 
localization of the function in the brain. Understanding 
the fundamental processes such as consciousness has 
proven to be more difficult to accomplish. This may be be-
cause “to locate the damage which destroys speech and to 
locate speech are two different things,” as observed by the 
highly regarded nineteenth-century British neurologist, 
John Hughlings Jackson.40 To learn about the brain from 
the study of the effects of damage is difficult when com-
plex processes are studied. Disease in one part of the brain 
will have a distant effect on other parts which are not ac-
tively involved in the illness.

Many neuroscientists say that in order to understand the 
brain it is necessary to build one. This engineering focus 
reveals a critical error in understanding. The human brain 
is the product of evolution and not a product of a ration-
al design process. The brain was not designed. Each step 
in the evolution of the brain relied upon what had gone 
on before. John Hughlings Jackson understood this and 
pointed out how brain function is dependent upon evolu-
tionarily older structures being dominated by newer ones. 
That is, the development of our frontal cortices was not 
the evolution of a new structure independently developed, 
but rather an enhancement of what already existed. Jack-
son said that in evolution there is:41 “… a gradual ‘adding 
on’ of the more and more special, a continual adding on 
of new organizations. But this ‘adding on’ is, at the same 
time, a ‘keeping down’. The higher nervous arrangements 
evolved out of the lower keep down those lower, just as 
a government evolved out of a nation controls as well as 
directs that nation.” No matter how hard we try to build a 
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brain, we will not end up with an organizational pattern 
the same as that of the brain itself.

The Vulnerability of the Brain

Case Study 2 provides a good example of the sensitivity of 
the aging brain to changes in the status of the body (phys-
ical reserve). This sensitivity is one of the most important 
features of the brain and is responsible both for its abil-
ities (such as learning) as well as its vulnerability (to loss 
of function). Why is the brain so sensitive to change or to 
injury?

A child with a broken femur can recover completely, 
and the injured bone may be stronger after the injury 
than before. This result after damage cannot be said of the 
brain. Intact brain function relies not only on our neurons 
and supporting cells (called glia), but also on their con-
nections. Even if neurons could be rebuilt after an injury, 
that may not be enough if their proper connections are 
not re-established. The brain is more sensitive to damage 
than any other structure in the body because of the incred-
ible dependence of its structure on each person’s unique 
development and environment. We can do well with half 
of our liver or with only one lung. But the brain is not ca-
pable of such incredible functional recovery after injury. 
Even though there are new neurons produced in the adult 
brain, they need to make the proper connections in order 
to allow for recovery. (The effects of head injury on the 
brain are discussed in Chapter 24.)

The brain is also sensitive to injury because of its high 
metabolic demands. It has about 2 percent of body weight 
and yet it utilizes about 20 percent of the oxygen and glu-
cose  we metabolize. This is because the electrical activity 
of neurons and their connections requires maintenance of 
ionic gradients across the nerve membrane. An ion is an 
atom or molecule with a net electric charge due to the loss 
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or gain of one or more electrons, and an ionic gradient oc-
curs when there are more on one side of a membrane than 
on another side. Every time a neuron is electrically active 
with an action potential, the ions move across the cell mem-
brane and the ionic gradient must then be re-established. 
This process requires lots of energy, as neurons are active 
throughout the day and night. Because of this the brain 
must have a nearly constant supply of oxygen and glucose.

A rather old joke of mine may help to illustrate the sen-
sitivity of the brain. Although it is widely believed that the 
brain needs a constant supply of oxygen and glucose to re-
tain function, it can be said that the brain can do perfectly 
well without any supply of oxygen and glucose from the 
blood for at least … 30 seconds.

The cells in our bone marrow are constantly dividing 
and replacing our blood cells (the average life of a red blood 
cell is 115 days). Neurons are much less capable of replace-
ment. This is understandable when you think again of the 
cello student and the neurons responsible for the percep-
tion of the position sense in her left little finger. Her abil-
ity to play the cello is dependent upon the networks of 
those neurons and the resulting control of the other parts 
of her hand and arms, and the connections to the cortical 
regions responsible for hearing and musical understand-
ing. After injury, the replacement of those neurons may 
not be helpful if they lack the proper connections that had 
been established over decades of practice. The creation 
and maintenance of these connections between neurons 
is the structural basis of memory. They are also the foun-
dation of our cognitive reserve.

The creation and maintenance of these connec-
tions between neurons is the structural basis 
of memory. They are also the foundation of our 
cognitive reserve.
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Case Study 2

A clear example of interdependence between the brain 
and the rest of the body can be shown in a thought ex-
periment. Imagine a healthy 80-year-old man who is 
 doing well at home with no symptoms or signs of dis-
ease. His memory and cognition are working well, and 
he can drive safely, enjoy time with his grandchildren, 
and go for walks with his wife. Because of his age, it is 
expected that, compared to a 30-year-old, he has less 
cerebral blood flow, less glucose metabolism in the 
brain, decreased size and function of the neurons in-
volved in memory and learning, some degree of shrink-
age of the outer surfaces of the brain, less hemoglobin 
in the blood, fewer different bacterial species in the gut, 
reduced ability of his lungs to oxygenate his blood, re-
duced ability of his liver to metabolize toxins and prod-
uce needed serum proteins, and reduced function of his 
immune system to destroy invading viruses and other 
microbes that could cause sickness.

Now imagine that he develops a urinary tract infec-
tion, which is common in older men because of diffi-
culty in the bladder emptying with an enlarged prostate 
gland. A 30-year-old man with such an infection may 
complain of pain upon urination and obtain a proper 
diagnosis and treatment with rapid resolution of the in-
fection. Our 80-year-old subject may develop impaired 
memory and alertness, and possibly even have hallucin-
ations and delusions. The key difference between the 80- 
and 30-year-old subjects may be that the several systems 
with declining function noted above contribute to more 
impaired brain function in the older person because of 
his reduced physical resilience, that is, less physical re-
serve. His liver’s reduced ability to detoxify toxins may 
have not affected him before the infection, but now the 

The Brain Is Not an Organ, It Is the Master  55

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

bacterial toxins are more widely disseminated than in 
the case of the younger person and will impair brain 
function. His mild reduction in hemoglobin may have 
not been a problem before, but in the presence of the 
infection it may contribute to cerebral impairment. His 
immune response may have a reduced capacity to fight 
the infection and may also have an  exaggerated produc-
tion of immune molecules that create depressed cogni-
tive function and delirium. A lack of diversity of his gut 
bacteria, often seen with aging, may contribute to an 
excess in activity of his immune system.

This incredibly common scenario serves to illustrate 
the complex interactions involving the brain and the 
rest of the body that occur in aging to determine health 
or disease. Moreover, it must be recognized that the out-
come of such a scenario does not depend only upon the 
status of the brain, it also is dependent on the integrity 
of the various components of body function. With  aging, 
we want to be free of heart diseases, such as congestive 
heart failure and others, of course. But that is not enough, 
as we also want to have as good heart and lung function 
as we can, in order to maintain  resilience and the abil-
ity to resist the challenges to health and fitness which 
develop. We also wish to have healthy microbiota in 
the gut, to help provide a balanced  immune  response to 
challenges as well as assist in digestion and  metabolism.

Making Memories and the Importance of 
Neuronal Connections

Making a memory involves creating a “memory trace” 
called an engram, the most basic unit of memory stor-
age. The engram is central to the process of recording and 
 storing experience. Imagine that you visit a friend who 
has acquired an extraordinarily beautiful cat. The neurons 
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 involved in that experience undergo persistent changes in 
their structure and function, which become the engram. 
Retrieval happens when this pattern of neuronal activa-
tion is repeated. Brain regions that may be involved in 
this engram include the visual cortex (what the cat looked 
like), the auditory cortex (the sound of its purring), the sen-
sory cortex (what it felt like to touch), the temporal lobes 
(memory of other cats, longing for a cat you had previously 
known, words to describe the cat), as well as association 
cortical areas in the cerebral hemispheres that are involved 
in interactions of perceptions, language, memory, and oth-
er functions. The temporal lobes are involved in the task 
of producing, storing, and retrieving the engram. Also, the 
anticipation of what it might be like if the cat is angry and 
aggressive may stimulate fear and a plan for dealing with 
a potential attack. The frontal lobes will be involved in un-
derstanding the integration of these factors into behavior 
(e.g., “I don’t know this cat, do I really want to touch this 
cat?”). And I’d rather not consider which regions are in-
volved in contemplation of a more complex matter (“How 
will my cat react when I bring home a new baby?”), which 
cannot be localized. This scenario is presented to illustrate 
how all the cortical areas in the brain are involved in mem-
ory. Also, the nature of the connections between cortical 
areas gives each person their distinctive features.

The factors responsible for the uniqueness of each indi-
vidual are primarily neurological. And this uniqueness is 
not only because of an abundance of certain populations 
of neurons, but rather the distinctiveness of their connec-
tions. To write poetry, for example, the poet must access 
brain networks involved in sensation, perception, seman-
tics, memory, emotion, abstraction, language, imagina-
tion, and meaning. Also, these networks need to have the 
opportunity for interactions – it is critical that they are not 
extinguished through fear, anxiety, disturbed attention, 
pain, or depression.

The Brain Is Not an Organ, It Is the Master  57

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

The Brain and the Microbiota

It has recently been discovered that several aspects of 
brain functioning are influenced by bacteria and other mi-
crobes in the gut. Feeding a high-fat diet to pregnant mice 
alters brain development of the offspring, who may have 
features of autism spectrum disorder.42, 43 Relationships 
of gut bacteria to behavioral issues in children and older 
persons have now been well documented. The process of 
making connections from one neuron to another, which 
is critical to learning, is influenced by brain cells  called 
microglia; these are the chief innate immune cells of the 
brain and “highly active guardians of brain homeosta-
sis.”42, 44 The microglia are the primary macrophage of the 
brain (cells that engulf and digest debris). Several hundred 
thousand synapses are in the territory of one microglial 
cell. These cells monitor the nervous system, scavenging 
the brain looking for hazardous agents, managing the con-
sumption of dying neurons, and pruning non-functioning 
synapses as well as facilitating repair. The microglia also 
support neurons with growth factors and allow for estab-
lishment and destruction of synapses. They have been 
found to sculpt synapses, thus modulating learning and 
memory.45 They also influence neuronal activity and have 
a role in epilepsy. Surprisingly, the microglia in the brain 
are strongly  influenced by gut bacteria. The recently dis-
covered relationship of the microbiota to microglia in the 
brain means that dietary intake influences learning and 
memory as well as the health of the nervous system. (We 
will learn about this in Chapter 8.)

The recently discovered relationship of the 
 microbiota to microglia in the brain means that 
dietary intake influences learning and memory 
as well as the health of the nervous system.
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The brain is dependent upon all of the body systems with 
which it interacts, including the microbiota. Adequate 
oxygen and glucose supply is required by the brain from 
its blood flow, as provided by systemic and brain blood 
vessels and the heart and lungs. Oxygen delivery is also 
dependent upon circulating red blood cells provided by 
the bone marrow and adequate pulmonary function. The 
brain must be free of toxic factors that can be present be-
cause of disorders of the liver and kidneys. The brain also 
requires adequate nutrition, which must be obtained from 
the gastrointestinal tract, including the liver.  Changes in 
physical reserve may heavily impact cognitive reserve. 
These interactions are all critical at all stages of life, but 
especially sensitive in the later years of aging.

Conclusion

The goal of this discussion is to enhance our appreciation 
of the magnificent complexity of the brain. We must re-
spect its central role in our lives and work to see what we 
must do to enhance its health throughout life.

The good news concerning the sensitivity of the brain 
is that there are many things we can all do to improve the 
health and fitness of the nervous system with aging. Our 
capacity to survive, avoid disease, and maintain health and 
fitness in later years is not dependent entirely upon our 
genes. Also, the brain is central to determining health in 
aging, but it does not operate alone. Cognitive reserve is 
heavily dependent on the other three reserve factors we’ve 
discussed: social, psychological, and physical. If we can pay 
attention to the opportunity provided by aging, we can use 
the magnificent plasticity of the brain and enhance our 
four reserve factors, thus increasing our resilience as we 
age.
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Memory: A Primary and Fundamental Faculty

At the age of 68, the American essayist, lecturer, and phil-
osopher Ralph Waldo Emerson began having trouble re-
membering things. Sometimes he struggled trying to find 
the words he wanted to say or write. “Memory is a primary 
and fundamental faculty, without which none other can 
work; the cement, the bitumen, the matrix in which the 
other faculties are embedded; or it is the thread on which 
the beads of man are strung, making the personal identity 
which is necessary to moral action,” he wrote in The Natu-
ral History of the Intellect.

“Without it all life and thought were an unrelated succes-
sion,” Emerson continued. “As gravity holds matter from 
flying off into space, so memories give stability to know-
ledge; it is the cohesion which keeps things from falling 
into a lump, or flowing in waves … Memory performs the 
impossible for man by the strength of his divine arms; holds 
together past and present, beholding both, existing in both, 
abides in the flowing, and gives continuity and dignity to 
human life. It holds us to our family, to our friends. Hereby 
a home is possible; hereby only a new fact has value.”

It may be that Emerson’s interest in memory was re-
lated to his developing cognitive difficulties. He later said, 
when asked how he was feeling, “Quite well; I have lost my 
mental faculties but am perfectly well.” He died in 1882, 
after many years of progressive decline.

As expressed so well by Emerson, memory  and cogni-
tion are critical parts of who we are. Our capacity for  recall 
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allows us to use past experience to guide present and 
 future actions. The critical nature of memory obscures the 
vital roles of other cognitive functions. That is, it is easy 
to observe your own ability to remember things as well as 
the memory capacity of others. Assessment of other cog-
nitive functions such as language, spatial tasks, and exec-
utive functions is more difficult. It is often concluded that 
memory is a basic measure of a person’s higher functions, 
when actually the situation is more complex. The term 
“cognition” comes from the Latin cognitionem, “a getting 
to know, acquaintance, knowledge,” and can thus be used 
to refer to a complex assortment of mental functions. One 
difficulty in dealing with cognition is that it is so multi-
faceted: muscles contract and the heart pumps, but what, 
exactly, is cognition? It is involved in all of the higher 
functions of a person. In addition to the various forms of 
memory, the brain provides us with the joys and services 
of comprehension (understanding), language, calculation, 
orientation, perception, abstraction, route finding (find-
ing our way around), judgment, spatial analysis, construc-
tional abilities, anticipation, personality, behavior, social 
interactions, inhibition, and other abilities. (This is not 
to mention also the role of the brain in movement, blood 
pressure, heart rate, body temperature regulation, and 
countless other automatic activities.)

Comprehending cognition is challenging because the 
only thing we can use to understand our conscious mind 
is our conscious mind. You may know the joke about the 
fish being told about water and being unable to find it. Our 
eyes are made to look outward and not inward.

Intelligence or Intelligences?

The concept of intelligence is only a tool used in the short-
hand of back-of-the-envelope understanding of the brain. 
There is clearly no single factor properly reflected in the 
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term “intelligence,” as demonstrated by the psychologist 
Martin Gardner in his book Frames of Mind: The Theory of 
Multiple Intelligences, first published in 1983.  Memory is 
relatively easy to measure and is often thought to be the 
main sign of what is commonly called “intelligence.” The 
ability to be creative and produce innovative ideas is more 
hidden. Emerson observed: “Indeed it is remarked that 
inventive men have bad memories. Sir Isaac Newton was 
embarrassed when the conversation turned on his discov-
eries and results; he could not recall them; but if he was 
asked why things were so or so he could find a reason on 
the spot.”

Contrary to the belief of many, the various mental func-
tions noted above do not work by themselves in isolation, 
and they are not the product of neurons working independ-
ently in different brain regions. The brain is magnificent-
ly interconnected – everything is connected to everything 
else. Some regions are connected more strongly and more 
quickly to certain other regions, but they are all connect-
ed. Studies of people whose corpus callosum, a large fiber 
tract connecting the right and left cerebral hemispheres, 
has been severed show that the right and left hemispheres 
have different skills: in most persons, the left having spe-
cialization for language and the right for social and visuo-
spatial tasks. However, for those of us who have not had 
our corpus callosum sectioned, the two hemispheres are 
extensively connected to each other, so each has detailed 
information about what’s happening on the other side. 
Similarly, although the temporal lobe near the middle of 
the brain (called the medial temporal lobe) is important 
for memory, the process of remembering is not located in 
that one area.

The cognitive aspects of daily life are accomplished 
through the complex interactions of the entire brain. All 
of our brain regions are dependent upon others, and none 
works alone. Our cognitive functions are the  product of 
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the whole brain and its ability to maintain a proper bal-
ance of interactions. These interfaces are both within 
the brain as well as between the brain and the rest of the 
body, the body’s surroundings, and other persons. Senso-
ry functions are particularly important. About 80 percent 
of the sensory input to the brain comes through the vis-
ual system, and audition is especially critical for commu-
nication. The senses of smell and taste have consistently 
declined in importance with evolution, although they are 
still relevant for many brain processes, not to mention 
the pleasure when walking into a bakery for the almond 
croissant you shouldn’t be eating but you’re going to eat 
anyway because it smells so enticing. Brain function can 
be altered when the sensory input the brain receives is 
disturbed. Many people with visual loss experience vis-
ual hallucinations of ghostly people and animals. Persons 
with severe hearing loss sometimes experience auditory 
hallucinations. A patient of mine with severe hearing loss, 
who did not have any cognitive deficits, frequently heard 
voices of friends and family members that weren’t in the 
same room. This capacity of the sensory processing appar-
atus in the brain to provide a perception in the absence of 
input is not dependent upon any disturbance of conscious-
ness or impairment of cognition. It is also well known that 
perfectly healthy people with good hearing and vision 
will develop hallucinations if exposed to severe sensory 
 deprivation.

Changes in Memory and Cognition with Aging

Changes in cognitive function with age do not begin only 
in the later years of life. Researchers studying the perform-
ance of chess players found that performance improves 
rapidly until the age of 20 and peak performance is reached 
around the age of 35. Abilities deteriorate after 45 years of 
age.46 Studies of healthy people have shown that memory 
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function begins to decline from 30 years of age. Oxford 
University physician William Osler said that “the effective, 
moving, vitalizing work of the world is done between the 
ages of twenty-five and forty” and it was downhill from 
then on.47 This view represents the long-standing and in-
correct negative view of aging. Many declines are small, 
aren’t noticeable, and don’t happen to everyone. Numer-
ous scientists, writers, and musicians produce  insightful, 
creative work in later life. As you might imagine, changes 
are more marked in later life, especially after the age of 60. 
For most people these changes do not impact their quality 
of life or social or occupational functioning.

In aging there are commonly varying degrees of decline 
in cognitive function. These declines are not a disease in 
itself. I’m 72 years of age as I write this book. One day I was 
thinking about recommending Moby-Dick; or, The Whale to 
a friend and I couldn’t recall the author’s name. I tried as 
hard as I could to remember who wrote it, but had no idea. 
How could this be? I had known that Moby-Dick was writ-
ten by Herman Melville since I was 14 years old and had 
known it since then. I had recently read about half of the 
book, found it ponderous, and gave up. The next day I tried 
again to remember Melville’s name and failed. A week lat-
er, I tried again to remember the author of Moby-Dick and 
failed again. But somehow, I saw a picture of a friend in my 
mind while searching for the name. I wondered why I was 
seeing my friend Herman’s image at a time like this. That 
image of my friend Herman helped me, of course, to real-
ize that Herman Melville was the author I was looking for. 
I was concerned initially about this failure of memory but 
was reassured by the fact that I remembered what I had 
forgotten. My brain was working just fine. I’m just a little 
forgetful now and then, like most other people of a certain 
age. Had I been suffering from dementia, I would not have 
remembered what I had forgotten.
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That said, it’s unlikely that our memories will get better 
with age. Though wouldn’t it be great if they did? There’s 
this great line in Quentin Tarantino’s film Pulp Fiction about 
memory. Two bandits are in a Los Angeles diner debating 
which crime they’ll commit next. One is tired of robbing 
liquor stores, saying he’ll never do it again. His girlfriend 
and partner-in-crime claims he says this every time, then 
asserts he’ll forget about how much he hates robbing li-
quor stores in a day or two. He leans in, taps his finger on 
the table, and says, “The days of me forgetting are over. 
The days of me remembering have just begun.”

In aging there are varying degrees of decline 
in cognitive function, which are quite common. 
These declines are not a disease in itself.

In aging there are varying degrees of decline in cognitive 
function, which are quite common. These declines are not 
a disease in itself. Aging is also associated with a profound 
increase in the risk of several neurodegenerative diseases 
such as Alzheimer’s disease and Parkinson’s disease. The 
effects of aging on performance in healthy people are de-
pendent upon the functional capacity of the brain – they 
are not caused solely by brain changes with aging or solely 
by the development of brain disease. Performance is relat-
ed to both pathology and functional capacity before the 
onset of disease. The same amount of age or disease-relat-
ed brain changes may affect two people differently, based 
on their capacities beforehand. This is what is referred to 
as the cognitive reserve factor, also known as cognitive re-
silience (Chapter 2). It is a central focus of this book that 
we can enhance our reserve factors through our lifestyle 
choices.

The influences of aging and age-related disease (such 
as Alzheimer’s disease) on brain function are determined 
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not only by the processes of aging and disease – the effect 
of these processes on our performance ability depends 
upon our cognitive, physical, psychological, and social 
reserve factors. We all need to enhance these factors to 
 decrease the influence of aging processes on our func-
tion. Of course, we also wish to reduce the development 
of age- related changes and reduce the risk of age-related 
brain disease. We will be reviewing these opportunities in 
 Chapters 12–25.

Memory Has Many Forms

There are many forms of memory. This is important to 
understand because many middle-age and older people 
worry about memory loss. Recent memory involves episodes 
occurring a short time ago, while remote memory is focused 
on events that took place a longer time ago.

A fascinating aspect of remote memory is that it is diffi-
cult to evaluate. For example, the president of the United 
States during most of World War II was Franklin Delano 
Roosevelt. However, this is not necessarily a remote mem-
ory for many of us, since his name is still frequently men-
tioned in conversation and writing. (The East Side Highway 
in New York City was named after Roosevelt.) Many of the 
events in our early life which we recall are remembered 
in part because we have been telling stories about them 
for decades. Try remembering an event from a long time 
ago you haven’t told another person before. It is extremely 
difficult! When the psychologist Jean Piaget was a child, 
his nanny reportedly fought off a kidnapper. In return for 
her bravery, his parents gave her a gold watch. Piaget often 
recalled his memory of the dramatic event. Shortly before 
her death, the nanny confessed that there had been no kid-
napping attempt; she had  manufactured the incident in 
order to obtain a reward. Piaget’s memory of the supposed 
kidnapping, as convincing as it seemed, was false. He was 
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simply remembering the vividness of the non-event based 
on other people’s stories. Many of our memories are not 
memories of events, but memories of memories. “It some-
times occurs that memory has a personality of its own, 
and volunteers  or refuses its information at its will, not 
at mine,” Emerson wrote in Natural History of the Intellect. 
“One sometimes asks himself, is it possible that it is only a 
visitor, not a resident?”

It is important to recognize that forgetting is a 
vital function of the brain and does not univer-
sally indicate the presence of disease.

When memory is a “visitor” and not a “resident,” there 
may be several possible explanations. It is important to 
recognize that forgetting is a vital function of the brain 
and does not universally indicate the presence of disease. 
Life isn’t like Jeopardy! It’s not vital to intelligence to have 
automatic recall of random facts like the contestants on 
the popular television game show. It’s more important to 
possess other, more complex forms of memory.

Let’s discuss memory loss in people suffering from 
Alzheimer’s disease. Persons with this disease often have 
a problem with memory that is limited to recent events, 
not events that happened years earlier. The reason for this 
is that a person with Alzheimer’s disease has an impaired 
ability to make a memory of an event that happened three 
hours ago, not three years ago. This is called encoding, 
which is when the brain creates a memory trace. After the 
memory is encoded, it must be stored, and then recalled 
(retrieved). In Alzheimer’s disease, there are impairments 
in all of the three processes of memory: encoding, storage, 
and retrieval. To remember something that happened a 
long time ago may depend primarily on retrieval and not 
upon encoding or storage, which may have taken place 
years ago before the onset of the disease.
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Also, if I try to remember what I had for breakfast yes-
terday I’ll probably fail to recall it, in large part because I 
have never before tried to remember it, and I have never 
spoken about it. However, if I try to recall something from 
my earlier life, it may be that my memory of the event has 
been well practiced over many years. Practice is incredibly 
powerful for enhancing the power of memories. The last 
thing that will be forgotten by a person with a progressive 
memory deficit will likely be their first name, as it is the 
most highly practiced word they have ever heard or spo-
ken.

Episodic memory, or memory for events, and procedural 
memory, memory of how to do something, are handled 
by different systems in the brain. Alzheimer’s disease 
impairs episodic memory severely, but procedural mem-
ory is much less affected. Episodic memory relies upon 
connections in the limbic system, which involves the hip-
pocampus, and related structures in the temporal lobes. 
Procedural memory involves the basal ganglia and cere-
bellum. There have been people with structural damage 
to both right and left medial temporal lobes who have 
severe deficits in episodic memory and cannot remem-
ber events from one moment to another. (This is pretty 
much the plot of Momento, a Christopher Nolan movie 
from 2000, about a man who relies on Polaroid photos 
with handwritten notes on them to recall events in his 
life.) However, people with poor memory for events (ep-
isodic memory) may have preserved memory for actions 
(procedural memory) and be able to learn a new skill, 
even though they are not able to remember that they 
have been practicing the skill. It is shocking to see that a 
person with advanced dementia may not recall that they 
can play the piano, but still can sit at the keyboard and 
play. An uncle of mine at 90 years of age had severe de-
mentia from strokes and could not speak. When his wife 
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sang him a song from the 1940s he was able to hum along 
properly, to our great surprise.

In order for a memory to be retained it must be properly 
encoded. If this does not take place, memories may not be 
recalled and amnesia (short-term memory loss) may result. An 
amnestic person, who had no memory for recent events, 
can repeat a phone number to himself over and over and 
keep the number in his mind for a limited time, but once 
his rehearsal is interrupted, the memory is lost.

Consider how memory is tested; it is not enough to ask 
a person to remember something, then tell them what 
you would like them to remember, and then ask for their 
recall. It is necessary to be sure the person had an oppor-
tunity to encode the memory. If I ask a person to remem-
ber three objects and find that, five minutes later, they 
cannot recall the three objects, that may be a problem 
with memory – or it may be that they were not paying 
attention, didn’t understand the task, or have a hearing 
problem.

Also, there needs to be an interval of distraction to pre-
vent rehearsals, because working memory provides us with 
immediate recall, which allows very recent events to be 
briefly retained. (This is not actually a form of memory.) 
Working memory has been called the brain’s sticky note, 
a tool for short-term storage (such as phone numbers, zip 
codes, or directions).

It is important to remember the importance of the role 
of attention in memory functioning (pun intended). A man 
accused of having a poor memory by his partner because 
he can’t remember dinner plans for the weekend might 
not actually have a poor memory. He might suffer from 
memory impairment. But it may also be that he has a hear-
ing problem or is not attentive. It may also be a result of a 
strategy in which the man has decided that what his part-
ner is saying is not important. The Harvard psychologist 
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William James said, “The art of being wise is the art of 
knowing what to overlook.” (Of course, the man’s partner 
may beg to differ.)

“The art of being wise is the art of knowing 
what to overlook.”

Knowing what to ignore reduces the demand on cogni-
tive function. It is not uncommon for a person to become 
upset because a partner or spouse did not remember some-
thing. It may be that the person who appeared to be for-
getful decided the item under discussion was not worth 
remembering. This can be a common event in which an 
apparent memory deficit is actually caused by an atten-
tional decision (knowing what to overlook). Significant 
memory problems can also be caused by depression. If a 
person’s mind is occupied by sad thoughts, it may be diffi-
cult to pay attention to life events.

The powerful influence of depression on memory is 
illustrated by this scenario. Imagine an 80-year-old wom-
an who is grieving the death of her husband, six months 
 earlier. She is asked to remember three things: “shoes, 
newspaper, and bus.” She repeats the three items to the 
examiner, so it is clear that she heard them. She is then 
engaged in conversation briefly before being asked to re-
call the three objects. She says “shoes” but cannot  recall 
the other two objects. This could be because of a brain 
disease such as Alzheimer’s. It could also be because the 
word “shoes” reminds her that she had not yet decided 
what to do with her husband’s shoes that are still tucked 
inside his closet. Her recall of her husband’s shoes inter-
fered with her memory of the other two objects. In this 
way her depression created memory impairment (see also 
Case Study 3).
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Case Study 3

An 84-year-old former schoolteacher had slowly progres-
sive memory loss for five years, with disorientation and 
severe impairment of recent memory. She had suffered 
from abdominal pains for over three decades, which 
could never be explained, even after many medical pro-
cedures. She reported that her abdominal pain was usu-
ally relieved at night when her husband massaged her 
feet. Shortly after she was diagnosed with Alzheimer’s 
disease, she reported that her stomach pains indicated 
she was pregnant with twins. She had never previous-
ly had children. When I told her that her pregnancy 
was concerning because of her advanced age, she said, 
“That’s right, doctor, I was worried about that myself. I 
am rather old to have a baby.” The situation was quite 
stressful to her. Around the same time, she developed 
another delusion, reporting that she had two husbands, 
an older one who was with her constantly, and a young-
er one whom she hasn’t seen in a while. Her husband 
reported that, in a restaurant, she asked him to take 
off their wedding ring because she was waiting for her 
other husband, a younger man, and he was going to be 
upset when he saw this older man wearing his wedding 
ring. I asked her which of her two husbands was the 
father of her babies.

“I don’t know which one it was,” she replied, “but I 
do remember that it was a good time.”

This case illustrates the universal need for people to 
find an explanation for what happens to them. For over 
30 years, her abdominal pain helped get the attention of 
her inattentive husband. When she became cognitively 
impaired, she developed a delusional pregnancy as her 
way of understanding her abdominal pain. Her failure 
of recent memory caused her to not recognize her aged 
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In Order to Remember We Must Forget

I learned something critical about memory while talking 
to my daughter’s third-grade class about the brain. We be-
gan by discussing all the things the brain does. The chil-
dren raised their hands and offered the various functions 
of the brain very ably. One girl raised her hand and I asked 
her to answer the question, “What does the brain do?” She 
hesitated, apologized and said, “Oh, I forgot,” indicating 
that she didn’t remember what she wanted to say. I told 
her that she was right, and that she had a very valuable 
answer: that is, forgetting is a natural process and it is a 
function of the brain!48 If we try to remember everything –  
the name of every book we’ve read, every person in our 
neighborhood, every meal we’ve eaten, every pair of socks 
we have worn, every concert we’ve seen – our brains will 
become overburdened.

Our daily lives are much too complicated to 
 remember everything that happens.

Our daily lives are much too complicated to remember 
everything that happens. The capacity of the brain is not 
infinite. A healthy mental life requires evaluation of life 
events and the selective retention in memory of things 
that need to be retained. Attention to these natural pro-
cesses can help us understand changes in memory with 

husband, as she forgot that he had aged. At the same 
time, her memory of her husband as a younger man 
was relatively preserved, because it was an older mem-
ory from a time in which she was not impaired. It would 
have been better, of course, if the psychological issues 
associated with her long-standing abdominal pain had 
been dealt with before the onset of  Alzheimer’s disease.
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aging. When I drive my car to the hospital every working 
day, I park in a multi-level-car-park concrete ramp, on the 
third, fourth, or fifth floors. There are times when I leave 
work at the end of the day and can’t find my car. The rea-
son may not be that I don’t remember where I parked on 
that day. Rather, it may be that I hadn’t forgotten where I 
parked the previous day. Some errors in memory such as 
this one are not errors in remembering, but errors in for-
getting. The world is filled with irrelevant details, which 
do not demand our attention and which we should not be 
recalling. Imagine the demands on our memory capacities 
if we remembered everything that happened one morn-
ing: which socks we are wearing, which sock did we put 
on first, did we have fig jam or peanut butter on our toast, 
how much coffee did we drink, how much traffic was there 
on the drive to work, how many red or green lights did we 
encounter, who was with us in the elevator? The vast ma-
jority of events that happen to us are of no meaning and 
shouldn’t be recalled.

Forgetting also enhances mental flexibility by removing 
information which is not of value. Imagine an airplane pi-
lot making an approach to a runway, to land at night in a 
storm – hopefully the co-pilot is not saying, “Don’t forget, 
captain, we have 156 passengers, 72 women and 64 men 
and 20 children, and 14,976 pounds of baggage.” Forget-
ting can assist in the analysis of current situations by not 
burdening consciousness with past experiences which are 
not relevant to the matter at hand. The pilot landing at 
night in the storm will hopefully not be remembering the 
scene from the comedy movie Airplane in which a storm is 
mimicked.

Forgetting is an active process because it is necessary 
for learning. In forgetting, weaker connections of neuro-
ns and their synapses are removed. This strengthens the 
networks of neurons which we need for recall. Immune 
molecules and immune cells called microglia in the brain 
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participate in this removal of weaker synapses that allows 
for remembering to take place. Exciting new research has 
shown that these molecules and cells in the brain that are 
critical for learning are influenced by the microbiota.13 
Thus, attention to the diet and lifestyle factors that influ-
ence the microbiota can enhance brain function.

The Importance of Attention, Perception,  
and Repetition

A key aspect of memory is attention, which is critically as-
sociated with perception. It will obviously be hard to re-
member something that we have not perceived. The world 
is made of countless stimuli, which one could try to pay at-
tention to and recall. But this isn’t possible; it exceeds the 
brain’s processing capacity to pay attention to everything 
in the world. Because of this, we have evolved the capac-
ity to make estimates and operate on these predictions, 
which are based on countless assumptions. So, if I hear the 
words “Joanna went to the library and came home with 
a most wonderful book,” my brain will have predicted, 
unconsciously, that the word “book” was coming before 
the sentence was half over. This anticipatory process cor-
rectly predicted that Joanna did not pick up a lizard in the 
 library, for example. This capacity for making assumptions 
is responsible for our ability to read, as well as our ability 
to process speech. Similarly, since I live in North America, 
if I see a small, furry animal in the trees near my house, I 
will assume it is a squirrel or chipmunk. I don’t entertain 
the possibility of it being a baby monkey or a sloth. This 
assumption about what the animal in the tree is does not 
require my attention. If I see the animal in my peripheral 
vision, my brain will make the assumption unconsciously. 
When I am driving in the city, I pay attention to the car’s 
position in the lane, its speed, the traffic signals and signs, 
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and the pedestrians. But I cannot possibly pay attention to 
everything else, such as the signs of the stores, how many 
people are entering the stores, what pedestrians are wear-
ing, whether the pedestrians are tall or short, whether the 
pedestrians are walking dogs, and, if so, what kind of dogs. 
All of these factors do not require my attention and must 
not occupy my attention if I am to be driving safely.

We all know that practice enhances memory.
What if I repeat that sentence?
We all know that practice enhances memory.
The unusual exact repetition of these seven words will 

enhance your memory of the sentence and the fact it rep-
resents. And if you go back and count to see if there really 
are seven words in each of the sentences and check that 
the sentences are perfectly identical, your memory of the 
sentence will be even greater. We learn through the en-
hancement of neuronal connections and the more we 
practice, the more the neural connections are enhanced, 
thereby improving memory.

Conclusion

In healthy people, their memory capacity and speed of 
learning declines with age, while their knowledge of 
events and words can increase. Older people have greater 
crystallized intelligence (knowledge, facts, and skills) than 
younger persons, and they may have more understanding 
of the environment. The result of long experience in aged 
people can produce wisdom, a factor balancing the losses 
of function.

Fortunately, there are things that we can do to enhance 
memory function with aging. These measures involve 
 behavioral strategies, diet, exercise, mental activities, 
 attention to medications, and consideration of the four 
multiple reserves.

Memory and Cognition 75

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Considering everything, it seems we are dealing here with a 
special illness. An increasing number of similar cases have 
been observed during the last years.

This fact should persuade us not to be satisfied with clas-
sifying clinically undetermined cases by forcing them into the 
categories of recognized illnesses. There are certainly more 
psychiatric illnesses than are listed in our textbooks.

Translated from German from Alois  
Alzheimer’s original paper (1907)

Dementia and Alzheimer’s Disease

What are the brain diseases most associated with aging? 
Alzheimer’s disease is a good place to start. It is classified 
as a neurodegenerative disorder, which means that it is 
characterized by the progressive worsening and loss of 
structure and function in the nervous system. Only about 
1 percent of Alzheimer’s cases are caused by a defective 
gene. The most important risk factor for neurodegenera-
tive disorders like Alzheimer’s disease is age.

There is considerable misunderstanding about Alzheim-
er’s disease and dementia. They are not the same thing. 
Let’s begin with dementia. Dementia refers to a clinical 
syndrome (a group of symptoms which consistently occur 
together), with a loss of mental abilities, usually involving 
memory, visual–spatial functioning, language, percep-
tion, mood, behavior, and executive functions. Dementia 
almost always has a component of memory loss, especially 
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memory for recent events. The word “dementia” is similar 
to the word “headache,” in that the term “headache” does 
not indicate its cause. There are many causes of headache, 
and similarly there are many causes of dementia. Alzheim-
er’s disease is the most common cause of the dementia 
syndrome.

It is important to recognize that the term “dementia” 
does not specify a diagnosis. The word “senile” only means 
“aged” and thus has no informative value whatsoever. A 
person having the onset of dementia before the age of 65 
years may be referred to by some doctors as having “prese-
nile dementia,” but again, the term does not indicate the 
cause. It is also ageist and lacks meaning. The terms “se-
nile,” “senility,” or “senile dementia” are obsolete and 
should not be used.

Every person with cognitive impairment needs a com-
prehensive evaluation to determine its cause. Since the 
terms “dementia,” “presenile dementia,” “senility,” or 
“senile dementia” are not proper diagnoses, it is a sign of 
ignorance and negligence if a physician uses these words 
as a final diagnosis. These designations are descriptions of 
the symptoms and signs of an illness, and do not indicate 
the cause.

Alzheimer’s Disease Statistics

The number of cases of Alzheimer’s disease in the world 
is expected to double every 20 years because people are 
 living longer (people over 85 years old are the fastest grow-
ing population in many middle-to-high-income countries). 
The prevalence and incidence of Alzheimer’s disease 
 doubles every five years after the age of 65. Because of this:

the average dementia-free 70-year-old man has about a 
27 per cent probability of developing dementia  during 
his life; and
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the average dementia-free 70-year-old woman has an 
estimated probability of 35 per cent of developing 
 dementia.49

About 30–40 percent of people have Alzheimer’s-related 
dementia at 90 years of age. Women have a higher risk of 
Alzheimer’s disease, for reasons that are unclear.50

Alzheimer’s disease is responsible for 60–80 percent of 
 dementias. Other causes are Lewy body dementia, fronto-
temporal lobar degeneration, Parkinson’s dementia, and 
vascular cognitive impairment. It’s common for many peo-
ple with Alzheimer’s disease also to have vascular changes in 
the brain, which include small and large strokes and bleeds 
and tissue damage associated with brain vessel disease. In the 
United States, studies have shown that the risk of Alzheim-
er’s disease is perhaps twice as high in African Americans 
and 1.5 times higher in Hispanics, compared to white peo-
ple.51,52 This might be due to a higher prevalence of vascular 
disease, high blood pressure, obesity, and diabetes in these 
groups. In other parts of the world, Alzheimer’s risk is lower 
in Africans and persons from India than in North America 
and Europe, perhaps because of high levels of physical exer-
cise and low-fat, high-fiber diets in Africa and India.

The influence of social and economic factors is clear. 
Years of education are protective against the development 
of Alzheimer’s disease, as was discussed previously in 
Chapter 2. The number of years of education, as well as the 
quality of education, is highly linked to economic factors 
worldwide. Education together with mental activities at 
home and at work form a crucial part of cognitive reserve.

What Are the Signs of Alzheimer’s Disease?

Persons with Alzheimer’s disease often have difficulties in 
several areas of cognitive function, including impairments 
in the following areas:
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• recent memory, with relatively intact remote memory 
(recall of things that happened long ago)

• visual–spatial functions, which involve the analysis of 
what we see to understand relationships in space

• route-finding ability
• planning and anticipation
• abstraction, reasoning, decision making
• self-regulation
• attention
• control of behavior
• judgment
• emotional regulation
• word fluency

Many of the items on this list are referred to as executive 
functioning, higher-level skills we use for management 
of cognitive tasks and behaviors, and deficits are caused 
by difficulties in the frontal lobes (on top of your eyes) as 
well as the basal ganglia, thalamus, and temporal and par-
ietal lobes. People with disturbed executive functioning 
will have trouble organizing activities, multitasking, word 
finding, and planning. They may be depressed, behave in 
a socially inappropriate way, or have a loss of interest in 
activities, poor recent memory, and poor understanding. 
People with executive-function changes often have poor 
insight into the nature of their deficits.

People with Alzheimer’s disease may present in many 
different ways, but most commonly a loss of recent mem-
ory function is noted. The onset is usually gradual, and the 
disorder is consistently progressive. Changes with time are 
usually slow and the period from the onset of symptoms 
to death is about 10 years, but it is common for the dur-
ation to be either shorter or longer. The disease appears 
to be more aggressive in younger persons. The reason why 
the disease affects people in such different ways is largely 
unknown.
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Mild cognitive impairment (MCI) describes a condition 
in which there is impaired cognition but no interference 
with social or occupational functioning. Persons with MCI 
are fully independent and have about a 50 percent chance 
of progressing to Alzheimer’s disease in three years, and 
they may advance to have other conditions, including 
vascular cognitive impairment, Lewy body disease, and 
fronto temporal lobar degeneration. There are also persons 
with MCI who improve and do not progress to dementia. 
Mild cognitive impairment describes a level of impairment 
which is intermediate between normal function and de-
mentia. People with MCI have memory impairment which 
can be documented, a complaint by the individual or fam-
ily member, normal activities of daily living, no decline in 
social or occupational functioning, and generally normal 
cognitive functions otherwise, without dementia. There 
also are also forms of MCI which do not primarily involve 
memory loss.

It is often believed that persons with Alzheimer’s dis-
ease are not aware of their illness. This is not correct. Peo-
ple will often have the concern that they have it – and they 
may be correct. There are also many people who believe 
they have it who do not have Alzheimer’s disease or any 
other serious problem. Although many people with this 
disease may be aware of their deficits, many others are 
 unaware of the nature and extent of their disability. This 
denial may unfortunately limit their access to proper eval-
uation and treatment. It is best to do whatever is neces-
sary to have them come in to have a workup – it may be a 
 matter of life and death.

Persons with Alzheimer’s disease are at an increased 
risk of delirium, which causes significant cognitive 
 impairment, along with a fluctuating level of conscious-
ness, often with hallucinations (perceptions of an unre-
al  nature) and delusions (false beliefs). Delirium is often 
associated with systemic illness, as well as the effects of 
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drugs. Delirium provides a good example of the impor-
tance of maintaining a proper balance of the four reserve 
factors. For example, an 80-year-old person with the early 
stages of Alzheimer’s disease may be doing very well at 
home but, if the person experiences major life changes 
(death of a spouse or change in medications), delirium 
may result. Possible physical reserve factors that may in-
teract with Alzheimer’s disease to cause delirium include 
kidney impairment, urinary tract infection, respiratory 
difficulty, pneumonia, anemia,  pain, constipation, and 
other factors, as well as medications. The development 
of delirium is an important indication that there is some 
critical physical problem going on, which must be rem-
edied quickly. Psychological and social reserve factors 
can also be involved in triggering delirium, such as grief, 
 depression, loss of friends, loss of mobility, isolation, and 
financial stress.

Alzheimer’s First Case

In order to understand what happens in the brain in 
Alzheimer’s disease it helps to learn about the first case. 
The disease was first reported in 1907 by Alois Alzheim-
er, a Bavarian neuropsychiatrist. Alzheimer was devoted 
to the study of the cerebral origins of behavioral diseases. 
The commonest of these conditions at that time was neu-
rosyphilis. Alzheimer studied pathology with Karl Wei-
gert, developer of early staining techniques for bacteria 
and the brain. As a young clinician, Alzheimer was asked 
to accompany a wealthy syphilitic patient and his wife on 
a tour of Egypt. Following their arrival, the patient died, 
and Alzheimer accompanied the widow, Nathalie Geisen-
heimer, home. He later married her; she supported his re-
search career with her own resources. Alzheimer was an 
excellent teacher in small groups, but a poor lecturer. His 
students loved him because of the personal attention he 
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gave them and his excellent sense of humor. At the end of 
every day there would be a cigar butt of Alzheimer’s next 
to every microscope in the lab.

Alzheimer had a female patient named Auguste Deter 
who presented with severe memory loss and word-finding 
problems at the age of 51. She also had delusions (false be-
liefs) and accused her husband of having an affair. After 
she died, aged 55, Alzheimer studied her brain. It showed 
that she didn’t suffer from neurosyphilis (a common cause 
of behavioral problems at the time). Her brain showed 
the accumulation of fibrillar (like a fiber) material inside 
neurons, later called neurofibrillary tangles. Alzheimer 
presented his findings about Deter’s brain at a meeting of 
the Southwest German Alienists Association in 1906 (alien-
ist is a nineteenth-century word for psychiatrist). Alzheim-
er’s talk at the meeting was the only one that did not elicit 
any discussion (the Swiss psychiatrist Carl Jung also spoke 
that day). It is likely that the audience didn’t know what to 
say about Alzheimer’s report.

Alzheimer did not consider Auguste Deter’s problem 
to be distinct from the more common occurrence of de-
mentia in older persons, which at the time was referred to 
as senile dementia or senile psychosis. However,  because 
of academic rivalry, Alzheimer’s chief, Emil Kraepelin 
(1856–1926, Director of the Royal Psychiatric Clinic in 
Munich where Alzheimer worked) named the disease 
 after Alzheimer in 1910, in his textbook of psychiatry, 
and specified it as occurring in younger people, to dis-
tinguish it from the more common disorder of the aged. 
Kraepelin was the leading psychiatrist in the world at that 
time and his textbook was the foremost work in the field 
for several decades. Kraepelin wished to have the honor 
given to the German member of his group in Munich, 
and not to the Czech’s Arnold Pick or Oskar Fischer, who 
were  doing similar work in the field. Weigert, Fischer, 
Pick, and Alzheimer’s wife were all Jewish. Kraepelin’s 
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antisemitism may have also played a role in his choice of 
Alzheimer for the eponym.53

Alzheimer’s Disease Misperceptions

After Alzheimer’s 1907 report, the subject of dementia 
received little attention. This is because of the false be-
lief that dementia was commonly caused in older per-
sons by “hardening of arteries in the neck,” also referred 
to as atherosclerosis of the carotid arteries. For most of 
the twentieth century, the terms for what we now call 
Alzheimer’s disease were organic brain syndrome, senile 
psychoses, senile dementia, senility, and arteriosclerot-
ic brain disease. It is true that dementia can be caused 
by cerebrovascular disease, but Alzheimer’s disease is a 
much more common cause. This error was compounded 
by the finding, in 1951, of Seymour Kety and colleagues at 
the National Institutes of Health in Bethesda, Maryland, 
that people with what was then called the “psychoses of 
senility” had reduced blood flow to the brain.54 These er-
rors contributed to a relative lack of interest in Alzheim-
er’s. Later, Kety’s group showed that the reduced  blood 
flow was a result – not the cause – of the diminished use 
of oxygen and glucose.

Until the 1970s, Alzheimer’s disease was thought to be 
rare and caused by a problem with blood vessels in the 
brain. And since there were no good treatments for ves-
sel diseases, researchers and doctors didn’t worry about 
it too much. Widespread sexism may have also played a 
role in this bias, as there are many more older women 
than older men. In the United States, at 85 years of age 
and older, there are 187 women for every 100 men (2017). 
Dr. Alyson McGregor’s 2020 book, Sex Matters: How Male- 
Centric Medicine Endangers Women’s Health – and What We Can 
Do About It, reviews how the lack of medical research on 
women has influenced their healthcare. Today we know 
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that  Alzheimer’s disease isn’t rare. It is quite common. We 
also know that Alzheimer’s is a disease of neurons, not of 
blood vessels.

Alzheimer’s first case died at the age of 55, but the more 
common occurrence of dementia in people over the age 
of 65 was largely ignored for the 70 years after Alzheim-
er’s original report. Neurologist Robert Katzman at the 
Albert Einstein College of Medicine in New York noted in 
1976 that early-onset (occurring before the age of 65 years) 
and late-onset dementias with neurofibrillary tangles and 
senile plaques were similar and were probably the same 
disease. In his paper, “The prevalence and malignancy of 
Alzheimer disease: a major killer,” Katzman pointed out 
that the main risk factor for the disease was aging, and 
that global populations were getting older at a rapid rate, 
indicating correctly that the disease was to become a 
 major, worldwide problem.55

It is never normal for an aged person to have a 
failure of memory that significantly interferes 
with everyday life.

Is it normal for older people to have significant mem-
ory disabilities? No. It is never normal for an aged person 
to have a failure of memory that significantly interferes 
with everyday life. As we have discussed earlier, memory 
function declines with aging but age-related forgetfulness 
does not influence completion of the tasks of daily life, as 
discussed in Chapter 4.

What Goes Wrong in the Brain in Alzheimer’s 
Disease?

In order to understand what can be done to delay or pre-
vent the development of Alzheimer’s disease, it helps to 
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know about the nature of the brain changes that occur. 
A brain affected by Alzheimer’s disease has several abnor-
malities. There is a loss of brain substance in the cortex 
where the neurons reside, referred to as atrophy. There are 
also neurofibrillary tangles, deposits in cells of an aggre-
gated (clumped) protein called tau. The tangles are accom-
panied by larger deposits, called plaques, between cells of 
the amyloid-beta protein, which is also aggregated. Scien-
tists believe these two fibrillar proteins damage neurons 
and cause inflammation and the death of neurons. It has 
also been found in Alzheimer’s disease that the support-
ing cells of the brain, called glia, become hyperactive. It is 
not known if this inflammatory reaction is in response to 
these deposits, or if it is contributing to their development 
(or perhaps both, at different times in the development 
of the disease). There are also deposits of the amyloid-be-
ta protein in blood vessels, causing damage to the circu-
lation, resulting in diminished blood flow and, at times, 
small and large brain hemorrhages. The disease is accom-
panied by excessive amounts of free radicals –  products 
of the metabolism of oxygen and glucose, which  impair 
proteins, lipids, carbohydrates, and DNA and are central 
to the disease process. This process is called oxidative tox-
icity.

In 1985, George Glenner and his colleagues at the Nation-
al Institutes of Health made a major breakthrough when 
they discovered the amino acid sequence of the protein at 
the core of the plaques. Using this information, research-
ers learned that the protein, now called amyloid beta, was 
made by a gene on chromosome 21, called the amyloid 
precursor protein (APP). This explains why people with 
Down syndrome nearly always develop the behavioral and 
structural abnormalities of Alzheimer’s disease after the 
ages of 30–40; they have three copies of the APP gene and, 
as a result, they make 50 percent more of the protein than 
people without Down syndrome. This information about 
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the structure of the amyloid-beta protein and its parent 
protein, APP, helped geneticists in London and elsewhere 
to identify mutations responsible for the development of 
early-onset Alzheimer’s disease (see Chapter 11).

Protein Deposits and Protein Folding

Research over the past two decades using molecular biol-
ogy and brain imaging with positron emission tomog-
raphy has shown that the earliest change in the brain in 
Alzheimer’s is the deposition of amyloid beta in the cor-
tex. This is followed later by the tau deposits, and then by 
cortical atrophy (loss of substance of the cortex). It is only 
after this process has been active in the brain for 10–20 
years does notable cognitive impairment develop. It is 
now clear that the development of Alzheimer’s disease is a 
very chronic process, which begins many years before the 
first symptoms or signs. The good news is that because the 
progress of the brain changes are so slow we have an op-
portunity to delay their progress through attention to our 
four reserve factors, particularly our activities and diet.

The good news is that because the progress 
of the brain changes are so slow we have an 
 opportunity to delay their progress through 
 attention to our four reserve factors, particularly 
our activities and diet.

Alzheimer’s is a disease of proteins. Proteins are made in 
the cytoplasm of cells out of a sequence of building blocks, 
called amino acids, which are determined by the cell’s 
DNA. When proteins are made, they do not have a three- 
dimensional structure. In order for the protein to work it 
must adopt a correct structure. This can be a helix, similar 
to one of the two strands of the structure of DNA, or other 
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coiled forms. Parts of the molecule fold onto other parts of 
the protein, giving it a precise three-dimensional configu-
ration. The acquisition of this correct structure is referred 
to as protein folding. It is critical that proteins adopt the 
correct structure; if the proper structure is not generated, 
the protein may be non-functional and may also be toxic. 
Errors in the structure of proteins are called misfolding 
and are key to understanding Alzheimer’s disease.

Every cell has a protein-folding quality-control mechan-
ism, which evaluates the process and recycles the amino 
acids of proteins which are not properly folded. Proteins 
can be folded into a cross-beta-pleated sheet, in which re-
gions of the molecule are folded tightly upon each other 
in a very highly stable assembly that is resistant to destruc-
tion. Proteins that fold with a large amount of beta-pleated 
sheet are referred to as amyloid proteins. The silk of a spi-
der’s web is one example of an amyloid protein. Because 
of the tight bonding of segments of the silk protein to it-
self the silk of a spider’s web is perhaps the strongest sub-
stance in the world, in consideration of its very low mass. 
The word amyloid does not refer to a specific protein, but 
to its unique three-dimensional structure.

Amyloid structures have the important characteristic of 
having a potentially “transmissible” nature. One amyloid 
protein can cause an identical or similar protein to adopt 
an amyloid configuration. Proteins that have the ability to 
cause transformation of other proteins to a similar struc-
ture are referred to as prions (proteinaceous infectious 
agents), a term coined by the Nobel Prize-winning neu-
rologist Stanley Prusiner.  The infectivity of these agents 
means that the abnormal protein configuration can be 
transmitted internally – from one region of the body to an-
other, and from one part of the brain to another. However, 
someone with Alzheimer’s disease, Parkinson’s disease, 
or amyotrophic lateral sclerosis (ALS) cannot transmit the 
disease to another person.
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Protein-folding quality control is especially critical for 
the brain because neurons are among the most long-lived 
cells in the body. Liver cells are replaced throughout life, 
but neurons are mostly non-dividing and are present from 
birth. Because of this, neurons have greater vulnerability 
to the accumulation of damage associated with misfolded 
proteins. It has become apparent in the last 10 years that 
the proteins deposited in the brain in Alzheimer’s disease, 
Parkinson’s disease, and ALS have amyloid characteristics 
which are transmissible from one body part to another, 
and in some occasions from one animal to another. This 
process is believed to be responsible for the transmission 
of abnormally folded proteins from the gut to the brain 
and from the nose to the brain. It has been proposed that 
this is how the disease process in neurodegeneration is 
initiated56,57 (see Figure 5). Knowing about these disease 
mechanisms helps us to understand the measures we can 
take to both lower our risk of these diseases and enhance 
our resistance to their brain changes. The dietary meas-
ures reviewed in Chapter 20 may help lower the rate of 
protein misfolding in the brain, through the actions of the 
gut bacteria.

Inflammation in Alzheimer’s Disease

It is important to appreciate the role of inflammation in 
Alzheimer’s disease because of the ways we can influence 
its activities, through our attention to the multiple reserves. 
Inflammation involves both innate immunity (a rapid first 
response from circulating and brain immune cells)  and 
adaptive immune systems (slower long-term memory re-
sponses that may be lifelong). Brain cells called microglia 
enforce immune surveillance, monitoring the environment 
for disease-causing factors such as viruses or toxins. The 
microglia also assist in establishing connections between 
neurons (synapse formation), provide growth  factors, and 
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Figure 5 Pathways from gut to brain and brain to gut 

Gut microbial factors in the intestines, mouth, throat, and nose can 

influence the brain and spinal cord though the autonomic nervous 

system and the cranial nerves. The autonomic nervous system is an 

important part of our control systems, which acts mostly without 

consciousness, and manages body functions, such as heart rate, 

digestion, intestinal movement, breathing, urination, and sexual 

function. These pathways can work in both directions. Agents 

transferred through these routes can include microbes, proteins, 

and other molecules. The circulation may also be a route of transfer. 

(Reproduced from reference 56.)

destroy unneeded cells and synapses. They also monitor 
the production and clearance of brain proteins.

The activities of the immune system can also be divid-
ed into resistance and tolerance functions. (Both of these 

The Neurodegenerative Diseases of Aging 89

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

 aspects of the immune system involve innate and adaptive 
features.) Resistance protects us from disease by battling 
microbial growth and spread. Tolerance provides limits to 
disease without changing the growth of microbes.58,59 We 
need the immune system to protect us from overgrowth of 
microbes; this is the resistance activity. At the same time, 
we need the immune system to tolerate microbes that are 
present on our surfaces and in our body cavities. As you 
will see in Chapter 8 on the microbiota, these organisms 
are necessary for life and they must be tolerated. The mi-
crobial contents inside us have evolved the capacity to 
enhance this tolerance. Thus, our immune processes are 
heavily influenced by microbial factors. These functions 
influence the nature of our reserve capacity because of 
their effects on the brain’s response to age-related chang-
es. An 80-year-old person who has been developing amy-
loid-beta plaques, as well as deposits of other aggregated 
proteins, in the brain for 15 years may be better off if the 
amyloid deposits are tolerated, as opposed to being aggres-
sively targeted by the immune system. There is evidence 
to suggest that the immune response to age-related brain 
changes may be damaging. And our diet may influence the 
development of this tolerance.

Can We Influence the Development of the 
Alzheimer’s Process in the Brain?

A critical element in this discussion is the fact that our 
lifestyle behaviors influence these processes, including 
protein misfolding, free radical production, and inflam-
mation. The cellular protein-folding quality-control mech-
anism can be overwhelmed and become less effective if 
the body is stressed by free radicals or there is an excessive 
production of misfolded proteins. And the transmission 
and initiation of amyloid formation is related to diet. Free 
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radicals in the brain are also affected by what we eat. Phys-
ical and mental exercise also has protective effects against 
the development of Alzheimer’s disease. The many inter-
actions of lifestyle behaviors and the processes in this dis-
ease are reviewed in Chapters 12–25. A key message is that 
(a) there are behaviors (things that we do) that influence 
the diseases themselves, and also (b) our behaviors influ-
ence how we’re affected by disease if it does develop. Both 
pathways (a) and (b) are influenced by the multiple reserve 
factors.

A key message is that (a) there are behaviors 
(things that we do) that influence the diseases 
themselves, and also (b) our behaviors influence 
how we’re affected by disease if it does  develop. 
Both pathways (a) and (b) are influenced by the 
multiple reserve factors.

Physical and mental activities help produce growth 
factors in the brain that enhance cognitive reserve. This 
helps delay the progress of the Alzheimer’s process in the 
brain and also enhances the brain’s resistance to behav-
ior changes caused by this process. Similar relations can 
be proposed for dietary measures as well, as discussed in 
Chapter 20.

Who Should Be Consulted for the Diagnosis 
and Care of Persons with Dementia?

Physicians and nurse practitioners in the domains of neu-
rology, psychiatry, geriatrics, and family medicine can 
all provide this important evaluation. What is critical is 
that the provider has experience and interest in this area. 
Unfortunately, for financial reasons, widespread com-
mitment on the part of universities, hospitals, and  other 
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 institutions to provide this comprehensive evaluation 
and intervention is lacking in many locations. A thorough 
mental status examination involving standardized testing 
is advisable, occasionally including a battery of tests ad-
ministered by a neuropsychologist. Symptoms similar to 
those in Alzheimer’s disease can also be caused by anemia 
or leukemia, indicating the need for a complete blood 
count. Liver and kidney diseases may also cause brain dys-
function mimicking Alzheimer’s disease, suggesting the 
need for a complete metabolic panel. Thyroid deficiency 
and excess can also cause marked memory problems and 
vitamin B12 deficiency is an important cause of treatable 
dementia. High total plasma homocysteine levels have 
been associated with an increased risk of Alzheimer’s dis-
ease and stroke; such high levels are also associated with 
the deficiency of vitamins B12, B6, and folic acid, which 
can be corrected with supplementation. If there is rapid 
progression of onset before the age of 60 years, it may be 
necessary to test also for HIV and syphilis serology, and 
to carry out an electroencephalogram (EEG), lumbar punc-
ture, and other measures. Neuroimaging of the brain with 
computed tomography or magnetic resonance imaging are 
needed in every case for comprehensive evaluation. Every 
person with impaired memory or a suspicion of Alzheim-
er’s disease should be evaluated by a medical professional 
who is experienced and interested in this problem.

Every person with impaired memory or a suspi-
cion of Alzheimer’s disease should be evaluated 
by a medical professional who is experienced 
and  interested in this problem.

The accuracy of the diagnosis of Alzheimer’s disease can 
be verified in many cases through the tests and evaluations 
noted above, with a diagnostic certainty of 80–90 per-
cent. This may be improved with the addition of  amyloid 
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 scanning with positron emission tomography (PET), or 
from a spinal tap with analysis of cerebrospinal fluid lev-
els of the Alzheimer-associated proteins. Recently, tests 
for Alzheimer-related molecules in the blood have been 
shown to be highly sensitive and specific for the disease. 
Tests may improve the diagnostic certainty to more than 
95 percent in some cases. The indication for these tests is 
related to the person’s age. In persons greater than 70 years 
of age, these tests are of lesser value, because findings sug-
gestive of Alzheimer’s disease may indicate that the per-
son will develop the disease if they live to be 80 years or 
older, and not necessarily that the disease is the cause of 
their impairment at the time the test is completed. At the 
age of 85, there are three times as many people with signs 
of developing Alzheimer’s disease in the brain without de-
mentia than those who have the disease with dementia.60

Friends and family members of an older person with sig-
nificant memory difficulties often assume the loved one 
must have Alzheimer’s disease and that there is nothing 
to be done. This is a serious and dangerous error, as many 
older people with dementia have a treatable and revers-
ible condition. It is common that older persons are taking 
the wrong drugs in the wrong combinations and develop 
memory problems which are completely reversible. Sim-
ilarly,  older people may have unrecognized depression 
and, with appropriate therapy or medication, their lives 
improve. Every person who is having significant mem-
ory problems, regardless of age, requires evaluation by an 
 appropriately experienced healthcare worker.

Risk and Protective Factors for Alzheimer’s 
Disease

Risk factors for Alzheimer’s disease include age, female 
gender, head injury, high-fat diet, smoking, alcohol abuse, 
hypertension, depression, diabetes, lack of physical  activity, 
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lack of mental demands at work, lack of mental demands 
during recreational activities, low levels of education, and 
obesity. Many of these factors are modifiable and actions 
can diminish their influence. Vascular risk factors are par-
ticularly important; these include: hypertension, coronary 
artery disease, atrial fibrillation, sleep apnea, depression, 
congestive heart failure, hyperlipidemia, obesity, and diabe-
tes mellitus. Hypertension in midlife is particularly linked 
to late development of Alzheimer’s disease.61 Improved 
blood pressure control has been recommended to decrease 
the occurrence of the disease. Because of the relatively late 
onset of most cases of Alzheimer’s disease, delaying the on-
set to a later age may mean that many people do not live 
long enough to develop the disease. If the onset age was de-
layed by five years, the prevalence of the disease could be 
cut in half. It is estimated that as many as 33–50 percent of 
worldwide cases of Alzheimer’s disease may be attributable 
to potentially modifiable risk factors.62 Midlife cognitive ac-
tivity is associated with a lower risk of Alzheimer’s disease 
as well as slower cognitive decline.16,17,63 Ways to diminish 
disease risk and decrease rate of progression are noted in 
Chapters 12–25.

Because of the relatively late onset of most 
 cases of Alzheimer’s disease, delaying the onset 
to a later age may mean that many people do 
not live long enough to develop the disease.

Treatments for Alzheimer’s Disease

Genetic studies have uncovered several important meta-
bolic pathways that are involved in Alzheimer’s disease in 
its inherited forms. This work has led to the development 
of experimental therapies, which are currently under eval-
uation. Unfortunately, the last 20 years of clinical  trials 
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of  these approaches have not been rewarding. A large 
problem in this area is that there are no animal models 
for non-genetic Alzheimer’s disease, which is found in 
99 percent of human cases. Because of this, most animal 
research has involved mice with genetic abnormalities 
that 99% of patients do not have. Persons with Alzheim-
er’s disease may be treated with cholinesterase inhibitors 
and glutamate receptor blockers. These medications may 
improve memory and general behavior in some of them, 
but only to a small degree.64 Side effects of these agents in-
clude a slowed heart rate, nausea, vomiting, and difficult 
sleep. Antidepressants may also help at times.64 Genes and 
clinical trials are discussed in Chapters 11 and 23.

On June 7, 2021, the US Food and Drug Administration 
approved the  monoclonal antibody aducanumab (Adu-
helm) for the treatment of Alzheimer’s disease. The agent 
was developed to bind to the amyloid-beta protein in the 
brain. PET scans demonstrated the effective removal of the 
deposits from the brain. However, the change in cognitive 
decline over time associated with the treatment was mi-
nor. Also, over 40% suffered potentially serious brain swell-
ing following the infusion. Furthermore, in November 
2020, prior to the ultimate FDA approval, an FDA scientific 
advisory panel recommended, with a vote of 10 to 0, that 
the agent should not be approved. The developer of the 
antibody, Biogen, announced an annual price of $28,000 
for the agent. Consequently, several leading medical cen-
ters have announced that they will not be prescribing the 
agent because of the high cost, small amount of improve-
ment in the subjects’ functions, and the risk of side effects. 
I will also not be prescribing the drug for these reasons and 
will recommend that rather than taking an agent which is 
known not to be effective, and potentially risky, patients 
should participate in clinical trials of other therapies. Par-
ticipation in a clinical trial could possibly allow a person to 
receive a truly effective agent.
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Treatable and Potentially Reversible Dementia

It is not uncommon that persons suspected of having 
Alzheimer’s disease have an illness which is  potentially 
reversible (see Case Study 4). A comprehensive evaluation 
carried out by a physician interested in and experienced 
with the disease must be completed. The top three possibil-
ities for reversible or treatable dementia are polypharma-
cy (drug effects), depression, and systemic toxic- metabolic 
conditions. Drugs can commonly cause cognitive impair-
ment in older persons. This important topic is addressed 
in Chapter 23. Depression can also cause cognitive im-
pairment, even in persons who are not aware that they 
are depressed. A wide range of systemic toxic- metabolic 
conditions can also cause cognitive loss. These condi-
tions include disorders of every organ system of the body. 
A list of just a few of these conditions  includes  anemia, 
B12  deficiency, B1 deficiency, leukemia, kidney failure, 
malabsorption, congestive heart failure, urinary tract 
 infection, hypothyroidism and other endocrine disorders, 
subdural hematoma (a form of brain bleeding), HIV/AIDS, 
and chronic obstructive pulmonary disease. Because these 
 conditions can cause cognitive problems that mimic 
Alzheimer’s disease, it is necessary to perform screening 
blood tests to document their absence. There is no age at 
which dementia is normal.

There is no age at which dementia is normal.

Frontotemporal Lobar Degeneration

Frontotemporal lobar degeneration (FTLD) (previous-
ly called Pick’s disease) is a neurodegenerative disorder 
which mostly affects the frontal and temporal lobes of the 
brain. FTLD is frequently seen with onset before the age 
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Case Study 4

A 76-year-old man presented to my cognitive disorders 
clinic with a chief complaint of forgetfulness that was 
of gradual onset and slowly progressive. He had been 
forgetting days of the week and other recent events for 
the past two years. His forgetting did not interfere with 
his activities of daily living, however. Because of his for-
getfulness he preferred to spend most of his days in bed. 
He had poor sleep and frequent awakenings, as well as 
depression following the death of his stepson in a car 
accident. There was no family history of neurological or 
psychiatric illnesses. On examination, he was disorient-
ed about the date, could not recall any of five objects af-
ter two minutes, could not copy a cube, and incorrectly 
drew the hands on the clock.

It turned out that the man was prescribed two drugs 
that can depress the function of the central nervous sys-
tem, diazepam and hyoscyamine. Diazepam is a seda-
tive and is metabolized slowly, with a plasma half-life 
of over 30 hours. This means that it takes 30 hours after 
a dose of the medication for the plasma level to fall by 
half. Thus, a daily dose, taken every 24 hours, will result 
in too much of the drug in the bloodstream. The patient 
was advised to stop taking these two drugs. Hyoscyam-
ine is a drug known to interfere with neurotransmis-
sion in the brain, especially in older persons. Gradual 
withdrawal of the two drugs over one month was re-
commended. My initial diagnosis was that his gradual 
decline in cognition was caused by diazepam and hyos-
cyamine toxicity.

When he returned to my office two months later, 
he was no longer taking either medication. As a result, 
he had recovered and performed normally on mental 
status tests. He was no longer spending the day in bed 
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and was participating in his previous activities. This is a 
case of treatable, reversible dementia. Every patient de-
serves a comprehensive evaluation to see if a causative 
factor can be found that created a reversible condition. 
In 2020, colleagues and I described this case in the jour-
nal Neurology.65

In 1989, I published  a similar case in the Journal of 
the American Medical Association.66 A 74-year-old woman 
came to me with what also turned out to be a treatable 
dementia. I referred to the process of uncovering such 
cases as the “saga of the treatable dementias.” To the 
Vikings of historic Norway, the word “saga” was a word 
meant to describe a “heroic narrative.” I felt that this 
was a good way to indicate that the search for treatable 
dementias requires tenacity and ferocity.

of 65 and causes different behavioral abnormalities than 
Alzheimer’s disease.

People with FTLD may develop one of three clinical pic-
tures:

difficulty speaking, with trouble finding words, usually 
leading to stuttering speech, called primary progres-
sive aphasia;

a pattern called “behavioral variant” in which there is a 
lack of inhibition (disinhibition), where persons say 
things that are hurtful and inappropriate, often ac-
companied by rude sexual behaviors, excessive and 
unreasonable spending, and unusual appetites (see 
Case Study 5); and

a form of cognitive loss called semantic dementia in 
which there is a progressive loss of knowledge and of 
the meaning of words.

The behavioral problems in FTLD usually are of slow on-
set, with a gradual progression, and often include  delusions 
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and hallucinations, sleeping disorders, and poor money 
management. FTLD can be frequently identified by the pat-
tern of atrophy on scans of the brain. In Alzheimer’s dis-
ease, atrophy is usually widespread, although it may be 
worse in the parietal lobes and hippocampus. In FTLD, the 
atrophy is most often enhanced in the frontal and temporal 
lobes. There are several genes that have been identified as 
causing FTLD. These genetic forms of FTLD are of early on-
set and autosomal dominant. Motor neuron disease, also 
called ALS, may occur together with FTLD, either early or 
late in the disease process.

Recently, it’s been reported that more years of education 
is associated with slower loss of brain substance and cog-
nitive impairment in persons with FTLD of genetic origin. 
This illustrates that even when there is a disease-causing 
gene, personal life choices can influence the expression 
of brain disease. Strategies for adjusting lifestyle behav-
iors are reviewed in the applications section of the book, 
 Chapters 12–25.

Case Study 5

I had a patient who was a 72-year-old man. He went with 
his wife to pick up clothes at a dry cleaner. After pay-
ing, he asked the young woman working there if she 
would like to go out to have a cup of coffee with him af-
ter work. She said, “absolutely not.” His wife asked him 
why he had approached this woman, considering the 
fact that they had been married for over 40 years.

“She’s a hot chick,” he said. “I’m a sexy old man. 
What’s wrong with that?”

The man had also been involved in recent car acci-
dents. He’d been driving erratically and at excessive 
speed with poor reasoning for the past several years. He 
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was “ranting and raving” at times because he said his 
wife refused to share her innermost thoughts with him. 
He became suspicious of her and spent $600 on tickets 
for a rock concert. (An excessive amount based on past 
spending patterns.) He told a nurse in the clinic that he 
was a “horny old man.” He called 911 to say that his 
wife was hitting him in the back with a baseball bat. 
(Not true.) He was also forgetful and accusatory toward 
his wife and didn’t often bathe. On a trip to China, he 
refused to get into his group’s car in the Hong Kong air-
port and took a separate taxi, because he was afraid that 
he would be kidnapped.

He did not have any family history of neurological or 
psychiatric conditions. When he was examined in clinic, 
he was shown a random photograph from a magazine 
advertisement of a young woman and asked to describe 
the picture. He proceeded to provide inappropriate de-
tails about her body. On exam he had trouble with idi-
oms, yet his memory was relatively intact. Looking at a 
picture of a shirt, all he could see were the buttons. He 
called a pigeon a duck and could only name three words 
beginning with the letter F. A PET scan of glucose me-
tabolism in the brain showed diminished glucose use 
in the right frontal and temporal lobes and magnetic 
resonance imaging showed loss of brain substance in 
the anterior temporal and frontal regions. His behavio-
ral problems were difficult to manage, and despite trial 
of several medications, he needed to be admitted to a 
nursing home. This form of frontotemporal dementia, 
called behavioral variant, has no known cause in the 
cases that are not inherited. The treatment options for 
the behavioral abnormalities are poor. Luckily, this syn-
drome is relatively uncommon.
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Parkinson’s and Lewy Body Diseases

In 1817, British physician James Parkinson described a dis-
order of slow onset and gradual progression. Parkinson’s 
disease is characterized by these signs:

• slow resting tremor;
• slowness of movement;
• rigidity (resistance to passive motion); and
• postural instability.

The disorder is associated with an abnormal accumulation 
in the brain of fibrillar deposits of the neuronal protein 
alpha-synuclein, called Lewy bodies. These deposits are 
thought to be the cause of damage to the motor system of 
the brain, particularly in a central region called the mid-
brain, which is critical for coordinating motor abilities. In 
many cases, these deposits can extend to other regions of 
the brain, aside from the midbrain, and cause dementia. In 
Parkinson’s disease, there are deposits of alpha- synuclein, 
associated with elevated inflammatory molecules and 
oxidative stress in the plasma and cerebrospinal fluid. In 
some cases, dementia develops, followed by motor fea-
tures, which is called Lewy body disease. The presence of 
the motor features of Parkinson’s disease is often called 
“parkinsonism.”

Autosomal-dominant genes can cause Parkinson’s dis-
ease in about 10 percent of cases and several other genes 
may influence the risk without being clearly causative. The 
heritability of Parkinson’s disease is estimated at about 27 
percent.67 Healthy aging is associated with some features 
of motor impairment, but not with the full spectrum of 
manifestations seen in Parkinson’s disease. Healthy older 
persons may have a faster tremor that becomes more  active 
with movement, called essential tremor, as opposed to the 
slower tremor seen in Parkinson’s disease, which is usually 
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more marked at rest. The risk of this disease is increased by 
repetitive head injury, and metal and pesticide exposure. 
Growing up on a farm is associated with a higher risk of 
development of Parkinson’s disease. Cerebrovascular risk 
factors, such as stroke, hypertension, and heart disease are 
also associated with the disease, an effect similar to their 
association with Alzheimer’s disease.68 Low levels of phys-
ical activity and not smoking are also risk factors for the 
disease. Although it has been established that non-smok-
ers have a higher risk of Parkinson’s disease than smokers 
it is certainly advisable to not smoke. The risk of serious 
negative consequence of smoking (e.g., cancer, emphyse-
ma, stroke) are much more significant than the lower risk 
of the disease in smokers. Exercise has been noted to im-
prove the movement disability as well as the rate of cogni-
tive decline seen in persons with Parkinson’s disease.

Genes that are linked to Parkinson’s disease have re-
cently been discovered, which are involved in immune 
function, suggesting a role of the immune system in the 
illness. The clumping of the alpha-synuclein molecule 
may begin in neurons in the gut, early in life. The patho-
logical process may be transmitted from the gut to the 
brain by way of the gut–brain axis (see Figure 5). There is 
early onset of constipation and loss of the sense of smell 
in Parkinson’s disease, sometimes beginning more than 
a decade before the onset of motor findings. It is believed 
that these changes are due to the damage to olfactory neu-
rons in the nose, causing loss of the ability to smell, and 
impairment of neurons in the gut, causing constipation. 
People who have had the neuronal pathway from the gut 
to the brain (the vagus nerve) severed early in life have 
been found to have a lower risk of developing Parkinson’s 
disease later, supporting the theory that the problem is 
beginning in the gut. Work done in our labs, as well as 
in the California  Institute of Technology in Los Angeles, 
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strongly suggest that the microbiota are involved in Par-
kinson’s disease.56,57

The motor features of Parkinson’s disease can be well 
controlled through medication for many years. However, 
after about 10 years, the impact of medications decline. 
For some patients, deep brain stimulation through im-
planted electrodes may be helpful. At present, the demen-
tia that occurs in Parkinson’s or Lewy body disease cannot 
be reversed by any disease-modifying medications. Some 
patients may gain improvement from acetylcholinesterase 
inhibitors.

The same four reserve factors that may help to alter the 
course of Alzheimer’s disease are also relevant in Parkin-
son’s disease. A physically active lifestyle with a diet that 
inhibits excess inflammation is desirable.

Amyotrophic Lateral Sclerosis (ALS)

A 56-year-old friend of mine, who was a bodybuilder, living 
in Japan, developed weakness in his hands, which was rap-
idly progressive over one year. Neurological examination 
showed weakness in both arms with twitching of muscle 
fibers under the skin, and a diagnosis of ALS was made. 
His weakness progressed until he could not use his arms 
in any way, although he could walk and speak. Difficul-
ty swallowing developed, and he died of ALS when food 
became lodged in his throat after four years of illness. An-
other person with ALS is a 54-year-old pilot who had pro-
gressive weakness of swallowing and speaking caused by 
ALS until he was unable to eat or talk, although he could 
still swim and use a computer. He is fed through a feeding 
tube and is developing weakness in his limbs. In both cas-
es, there was no family history of ALS and there is no very 
effective disease-modifying therapy. These cases demon-
strate the profound cruelty of the disease.
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ALS is another neurodegenerative disorder which is 
caused by autosomal-dominant genes in about 10 percent 
of cases. Risk factors for ALS include the following:69

• genes (it is estimated that about 60 percent of the risk 
of developing ALS is genetic);

• age;
• smoking;
• exposure to toxins (lead, manganese, or pesticides);
• head injury (football, soccer, exposure to explosions); 

and
• low intake of antioxidants and polyunsaturated fatty 

acids.

The disease causes progressive weakness and loss of mus-
cle mass throughout the body, with death usually devel-
oping within three years from diagnosis. In ALS there is 
a shrinkage and loss of motor neurons in the brain and 
spinal cord and deposition of abnormally folded neuron-
al proteins as well as inflammation. Also found in ALS is 
the presence of peripheral immune cells in the brain with 
activated inflammatory molecules. Persons with ALS may 
develop dementia after the initial onset of motor diffi-
culties. Sadly, persons with FTLD may later develop signs 
of ALS. The cause of the non-genetic forms of ALS is not 
known. Recent research from my laboratory and others in 
Tel Aviv, Hong Kong, and Atlanta suggest that the gut bac-
teria are involved in initiating the disease.

Conclusion

There are many causes of dementia. Every  person with 
a complaint of significant memory impairment needs 
a comprehensive examination by a person experienced 
and interested in the area. The brain in aging is sensitive 
to changes in the internal and external environment, in-
volving all organ systems. This suggests that attention to 
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 lifestyle factors, involving the four reserve factors, will as-
sist in slowing progression and delaying onset. Attention 
to systemic health can lower the risk of dementing dis-
orders and improve cognitive function with age.

Attention to systemic health can lower the risk 
of dementing disorders and improve cognitive 
function with age.

I am sorry to say that if everything is clear to you now, 
you haven’t been paying attention. We don’t know which 
molecules are most responsible for declining function in 
the brain and other structures in aging-related diseases. 
And we don’t know what is responsible for the effects of 
aging on the brain in the absence of disease. What is the 
cause of Alzheimer’s disease, Parkinson’s disease, or ALS 
in cases that are not inherited (90–99 percent of the cas-
es)? Is inflammation the trigger of neurodegeneration, or 
is neurodegeneration the trigger of inflammation? What 
is the role of the deposition of misfolded proteins? These 
matters have been vigorously debated in scientific circles 
for many years. While these important questions remain, 
we can learn from current research that there are things 
that we can all do to lower our risk through enhancement 
of our four multiple reserves factors.

There are remarkable similarities between the three 
main neurodegenerative diseases: Alzheimer’s, Parkin-
son’s, and ALS:

• they are usually not caused by genes;
• they have uncommon genetic forms which are auto-

somal dominant (they affect men and women equally 
and only one copy of the defective gene is needed for 
disease);

• they are associated with deposition in the brain of abnor-
mally folded protein aggregates with toxic properties;
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• they all have aging as the main risk factors;
• they are all associated with neuronal loss and loss of 

synapses;
• they all have a developmental pathway which is com-

patible with a spreading of a pathogenic (disease) pro-
cess from one area of the body to another;

• they all have prominent features of excessive inflam-
mation and free radicals in the brain;

• they all have slow onset including a 1–2 decade time 
when the disease is developing before the onset of 
signs or symptoms; and

• the risk of all of these conditions may be influenced 
by attention to the four factors, and lifelong enhance-
ment through our actions on our cognitive, physical, 
psychological, and social reserves.

These commonalities are exciting because they suggest 
that a breakthrough in one area may lead to effective ther-
apies for more than one condition.

There is a powerful tendency to reduce complexities into 
easier to understand concepts. Although this is largely un-
avoidable, we must always be aware of this process of sim-
plification so we will not be deluded into believing that our 
understanding is deeper than it really is. We can appreciate 
the wisdom of Albert Einstein, who is often quoted as hav-
ing said, “Everything should be made as simple as possible, 
but no simpler.” However, what he actually said was “It can 
scarcely be denied that the supreme goal of all theory is 
to make the irreducible basic elements as simple and as 
few as possible without having to surrender the adequate 
representation of a single datum of experience.”70 Perhaps 
he is warning us not to lose sight of the forest for the trees, 
and also not to lose sight of the trees for the forest.
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Thoroughly conscious ignorance is the prelude to every real 
advance in science.

James Clerk Maxwell (1831–1897), Scottish mathematician, 
and scientist responsible for the classical theory of electro-

magnetic radiation

Many years ago, I attended a neurology conference and 
heard a distinguished physician give a talk about stroke. 
The doctor had received an award and was speaking to a 
room of several thousand people. His speech came after 
another physician had spoken about Alzheimer’s disease.

The doctor who’d received the award began his speech 
by saying that he was glad his work focused on strokes, 
because unlike Alzheimer’s disease, the causes of strokes 
are known.

I found this statement perplexing and wrote him a brief 
email congratulating him for his award, then asked him 
what he meant by saying that the causes of strokes were 
known. He responded by writing that strokes are caused 
by thromboses, hemorrhages, and embolisms. A thrombo-
sis is when a blood vessel becomes blocked because of the 
accumulation of platelets and white blood cells. A hem-
orrhage is the leaking of a blood vessel and an embolism 
is when a clot moves from one part of the circulation to 
 another, such as from the heart to the brain.

I found this physician’s response disturbing. Throm-
boses, hemorrhages, and embolisms are not the causes 
of stroke, they are some of the mechanisms of stroke. It is 
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important we realize that we often don’t know what is 
causing a person to have a thrombosis, hemorrhage, or an 
embolism in the brain. As you will see, we know the risk 
factors for stroke, but risk factors are not causes.

What Are Cerebrovascular Diseases?

Vascular (blood vessel) factors are important for brain 
health and fitness throughout life. Cerebrovascular disease 
involves the large, middle, and small vessels of the neck 
and the brain. Abnormal growth of fibrous tissue (with fib-
ers) and the deposition of platelets, immune blood cells, 
and lipids on the inside lining in the brain’s blood vessels 
can cause narrowing. This narrowing of vessels  impairs 
the opportunity for blood to flow and causes damage to 
the brain. An area of the brain which has been damaged 
by a lack of blood flow is called an infarct. It can be large, 
small, or microscopic (a microinfarct) and can damage 
cognitive function. Also, disease in the small vessels of 
the brain can diminish cognitive reserve and contribute 
to the development of both Alzheimer’s and Parkinson’s 
 diseases, as well as increasing the chance that those peo-
ple, in the early stages of the diseases already, will have 
 impaired function.21,71

The vessel-narrowing process involves binding of plate-
lets and lipids to the lining of large and small arteries and 
the formation of plaques (lipid deposits), which may be 
from the clotting of cellular elements. Vessel narrowing 
can also be due to thickening of the vessel wall. These 
processes impair clearance from the brain of important 
molecules, such as amyloid beta, which are involved in 
neuronal death, associated with Alzheimer’s disease. Ath-
erosclerosis is the process of vessel degeneration, previ-
ously called hardening of the arteries, in which the ability 
of the vessel to deliver blood is decreased. Atherosclerosis 
is often associated with lipid deposits, and it is now clear 

F O U N D A T I O N S108

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

that the disease process also involves abnormal activation 
of the immune system. Vessel changes with age are high-
ly linked to both activities and diet. Exercising multiple 
times per week and eating a high-fiber, vegetable-rich diet 
are good for you at all ages, and absolutely necessary as 
one ages. Without these activities, people risk dying young 
or suffering from dementia.

Strokes are the second leading cause of death 
in the world and the major cause of disability.

Strokes are the second leading cause of death in the world 
and the major cause of disability. Brain imaging has re-
vealed that over 20 percent of people over the age of 65 have 
evidence of a small stroke that caused no clear symptoms. 
Strokes are often acute, with rapid onset and progression of 
symptoms. The brain can also be damaged by a  long-term 
lack of sufficient blood flow, with loss of the  axons which 
allow neurons to communicate with each other.

Why Is the Brain So Sensitive to Injury?

The brain is the most metabolically intense part of the 
body (as discussed in Chapter 3). This is because the work 
of the brain involves a continuity of electrical activity dur-
ing wakefulness and sleep. Also, the brain has severely 
limited stores of oxygen and glucose, which must be con-
tinuously supplied. Neuronal activity inside the brain can 
only be maintained for 30–60  seconds without this con-
tinuous support. The brain uses glucose as its main ener-
gy source and will quickly stop working if glucose is not 
constantly supplied. All of the other tissues in the body 
have other  potential sources of energy, but the brain’s 
choices are limited. Because of these demands the brain 
has been equipped with an excellent support system of 
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blood  vessels, which can meet the great metabolic require-
ments of our continuously active neurons. The vessels in 
the neck and at the base of the brain have alternative path-
ways, called collaterals, so that if there is a problem with 
one vessel, its work may be carried out by another. How-
ever, once the vessels leave the neck and the base of the 
brain there are only poor alternative pathways available, 
and blockage can cause significant damage.

What Happens during a Stroke?

This is what develops when a stroke occurs: the supply of 
oxygen and glucose to the brain is not able to meet the 
metabolic demand of the tissue and neurons, and other 
cells die. This may be because of a clot in the blood ves-
sel, called a thrombosis. It may also be because the clot 
has traveled from somewhere else and lodged in a brain 
vessel (embolism). A stroke may also be caused by bleed-
ing into the brain or onto the external surface of the brain 
(hemorrhage). Strokes may also be caused by a lack of suf-
ficient supply of glucose and oxygen in the blood (with-
out a thrombosis, embolism, or hemorrhage) because of 
dehydration, bleeding, heart failure, low heart rate, low 
blood sugar, low blood oxygen level, anemia (low red cell 
count in the blood), and other causes. Thus, an infarct can 
be caused by any of these four mechanisms: thrombosis, 
embolism, hemorrhage, or insufficiency.

Vascular damage to the brain can cause sudden onset of 
localized symptoms, such as weakness on one side with or 
without sensory deficit. There may also be slow onset of 
mild cognitive impairment or dementia. In the past, de-
mentia of vascular origin was referred to incorrectly as “a 
hardening of the arteries in the neck.” It is now known 
that dementia caused by vascular changes is not often 
caused by narrowing of the blood vessels in the neck that 
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supply the brain. Dementia caused by a problem with the 
brain’s circulation was also previously called multi-infarct 
dementia, or vascular dementia. The current term vascu-
lar cognitive impairment encompasses both dementia and 
mild cognitive impairment as a consequence of vascular 
damage to the brain, not only strokes. Vascular cognitive 
impairment includes several mechanisms including large, 
small, and microscopic strokes, large and small hemor-
rhages, damage from poor vascular regulation, white mat-
ter degeneration caused by small brain vessel disease, and 
vasculitis (inflammation in blood vessels). White matter 
changes in the brain caused by vascular disease can also be 
caused by loss of the neurons that are the cells of origin of 
the white matter fibers. Risk factors for vascular cognitive 
impairment are the same as the risk factors for stroke.72,73

Stroke Risk Factors

The main risk factors for a stroke are age, hypertension, 
smoking, diabetes, alcoholism, obesity, high-fat diet, high 
blood lipids, lack of physical activity, atrial fibrillation, car-
diovascular disease, poor oral hygiene, periodontitis (an 
oral bacterial infection), a previous stroke, and a history of 
stroke in the family. Genes are also involved in stroke risk. 
However, Case Study 6 demonstrates the importance of 
interdependent interactions among the multiple reserve 
factors.

The risk factors for stroke illustrate the import-
ance of interactions of the internal environment 
with the brain.

The risk factors for stroke illustrate the importance of 
interactions of the internal environment with the brain. 
Hypertension damages blood vessels throughout the 
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body, including the brain, and contributes to small and 
large strokes. Diabetes also damages small blood vessels 
throughout the body, including the brain, and can con-
tribute to large and small infarcts. In the United States, 
strokes are more common in African Americans than 
non- Hispanic white people, most likely related to a higher 
prevalence of hypertension.61 The stroke risk is higher in 
people who gain weight in early adult life and have less 
physical activity. People who exercise vigorously not only 
have fewer strokes and less cognitive impairment result-
ing from strokes, they also have fewer complications, less 
severe strokes, and less of a risk of dying from a stroke.

Case Study 6

A thought experiment can help understand the role of 
genetic and environmental factors and disease. Consid-
er this  scenario: A 73-year-old man with hypertension 
(high blood pressure), who has smoked two packs of cig-
arettes per day for many years, was physically inactive 
and had progressive memory loss over three years, was 
found to have dementia of moderate severity. A neu-
rological examination and blood tests did not suggest 
any cause for his dementia. MRI showed severe damage  
to the white matter throughout his brain, which im-
pairs the ability of the cortex to communicate with 
 itself and the rest of the brain. There were also small in-
farcts near the center of the brain, called lacunes (little 
lakes). It is highly likely that this problem is of vascular 
origin, referred to as vascular cognitive impairment. It 
is correct to say this condition is likely related to his 
age, smoking, physical inactivity, and hypertension.

But would we be surprised if we were told that his 
78-year-old older brother also had hypertension, was 
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more physically inactive and smoked more, but did not 
have this problem? No, we would not be surprised.

Thus, we cannot say that this person’s illness was 
caused by age, smoking, and hypertension if his broth-
er had all those features and was not affected. The diffe-
rence between the two brothers may be linked to genet-
ics, diet, obesity, and the microbiome. The critical factor 
causing his dementia is the interdependent interactions 
among his multiple reserve factors. His physical reserve 
is dependent upon his activities, genes, toxic exposures 
(smoking), and diet. His cognitive reserve is defined by 
his mental activities and the development of resilient 
networks in the brain. His psychological and social re-
serves are related to his ability to respond well to stress 
and maintain a healthy level of participation in the world.

There is a lot about these interactions that we do not 
know. Awareness of this ignorance is important for fu-
ture advances. It is only now that the important role of 
the gut bacteria in cerebrovascular disease is beginning 
to be addressed. Stroke and vascular cognitive impair-
ment are influenced by all four reserve factors: cogni-
tive reserve may determine the effect a small stroke has 
on behavior (a person with a high reserve factor may 
be less affected than one with a low factor). High phys-
ical reserve will help to limit hypertension, diabetes, 
and obesity (all stroke risk factors). Physical reserve in-
cudes the maintenance of normal blood pressure and 
kidney function, which are also linked to hypertension. 
Psychological and social reserves are important for the 
avoidance of depression, the maintenance of physical 
activity, and the avoidance of frailty.

In the words of the Italian astronomer Galileo Galilei 
(1564–1642): “To be human, we must ever be ready to 
pronounce that wise, ingenious and model statement, 
‘I do not know’.”
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Stroke and Alzheimer’s Disease

With aging, vascular changes often occur together with 
neurodegenerative disorders, particularly Alzheimer’s 
disease. The presence of small or large strokes increas-
es the likelihood that a diagnosis of Alzheimer’s disease 
will be made. This is probably because the damage to the 
brain caused by a stroke diminishes the cognitive reserve, 
so that a certain amount of Alzheimer’s pathology in the 
brain will be more likely to cause impairment. It is also 
believed that vascular changes accelerate the Alzheim-
er’s process directly. Furthermore, the deposition of the 
Alzheimer’s-related protein amyloid beta in small brain 
vessels may lead to vascular damage to neurons and their 
pathways, and to small and large hemorrhages (referred 
to as cerebral amyloid angiopathy). Risk factors for vascu-
lar disease are also highly linked to Alzheimer’s disease 
(particularly hypertension, obesity, physical inactivity, 
 periodontitis, and diabetes).

Stroke and the Microbiota

Although we know the risk factors for stroke, we do not 
understand why many persons are affected. There is sub-
stantial evidence that the microbiota are involved.73,74 
 Bacteria normally found in the mouth have been seen in 
abnormal blood vessels in people with strokes. Persons 
with periodontitis, the most common bacterial infection 
in the mouth, have a higher risk of stroke, as well as hyper-
tension, heart disease, and Alzheimer’s disease, compared 
to those without periodontitis. Workers at the Cleveland 
Clinic in Cleveland, Ohio, led by Dr. Stanley Hazen, have 
shown that gut bacteria metabolize compounds from 
meat, cheese, and eggs to create a molecule (trimethyl-
amine) which, when oxidized by the liver, can travel in 
the blood, and accelerate the vessel-narrowing process 
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 responsible for cardiovascular disease and stroke.75 Also, 
with colleagues in Japan, my group has shown that oral 
bacteria can travel in the blood to brain vessels and con-
tribute to small and large hemorrhages.73,74 We have also 
proposed that bacteria in the gut and mouth can acceler-
ate aggregation (clumping) of proteins that occurs in blood 
vessels in Alzheimer’s disease.56

Cerebrovascular disease makes a very import-
ant contribution to cognitive impairment with 
aging. It is critical to recognize that lifestyle fac-
tors play a large role in the risk of all forms of 
stroke.

Cerebrovascular disease makes a very important contri-
bution to cognitive impairment with aging. It is critical to 
recognize that lifestyle factors play a large role in the risk 
of all forms of stroke. Important is the fact that no one can 
assess their risk of stroke by how they feel. Atrial fibrilla-
tion is a common abnormality of the heart rhythm, which 
may have no symptoms. In this condition, the left atrium 
does not fully empty, and blood clots may develop, which 
can be transmitted to the brain to cause small or late 
strokes. Similarly, hypertension, the most important risk 
factor for stroke, usually causes no symptoms whatsoever.

Stroke Warning Signs

Everyone should know the warning signs for an acute 
stroke, because there are now powerful tools and proced-
ures that may reverse the vascular damage, if recognized 
soon enough (time is critical for recovery). Remember 
the American Heart Association’s BE FAST mnemonic de-
vice for remembering the warning signs of stroke: Bal-
ance, Eyes, Face, Arm, Speech, Time. These warning signs 
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 include: sudden numbness; weakness in face, arm, or leg, 
especially only one side of the body; difficulty seeing; trou-
ble walking; and a severe headache.

What Can We Do to Lessen Stroke Risk?

In order to control the risk of stroke and vascular cognitive 
impairment it is important to manage hypertension, exer-
cise frequently, avoid alcohol abuse and smoking, practice 
good oral hygiene, avoid obesity, and avoid a high-salt, high-
fat (particularly saturated fat), low-fiber diet. The lifestyle 
measures reviewed in Part II of the book, Chapters 12–25, 
will also lower the risk of having a stroke.
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Although Alzheimer’s disease is the most common cause 
of dementia, it isn’t the only cause. If you or a loved one is 
experiencing memory loss, it’s important to get a proper 
diagnosis as soon as possible.

As many as 10–20 percent of people with 
 dementia may have a treatable or reversible 
disorder. That’s a sign of optimism.

As many as 10–20 percent of people with dementia may 
have a treatable or reversible disorder. That’s a sign of 
 optimism.

Normal Pressure Hydrocephalus

An uncommon condition called normal pressure hydro-
cephalus (NPH) is particularly critical to recognize be-
cause it is a potentially reversible cause of dementia. NPH 
is characterized by obstruction of the outflow of cerebro-
spinal fluid (CSF) in the brain and causes gait disturbance, 
difficulty with urination, and cognitive deficits. The gait 
disturbance is often highly characteristic, as it has been 
referred to as magnetic, in that the person walks as if his 
or her feet are magnetized to the floor and are difficult 
to lift. In NPH, this problem is not caused by weakness. If 
there is a characteristic pattern on the MRI of the brain, 
a high- volume spinal tap or CSF drainage procedure may 
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help with the diagnosis. The surgical placement of a shunt 
to provide an alternate pathway for CSF absorption may 
be curative.

Creutzfeldt–Jakob Disease and Bovine 
Spongiform Encephalopathy

Another rare disorder is Creutzfeldt–Jakob disease (CJD), 
which is a rapidly progressive dementia that advances 
from first symptoms to death, usually in less than one year 
(see Case Study 7). It may be caused by mutations in a gene 
called the prion protein, the function of which has not 
yet been established. However, in both genetic and non- 
genetic cases, an abnormally configured shape of the pro-
tein develops. This abnormal shape is transmissible and 
can cause an abnormal configuration of other molecules 
of the same protein.

The concept of the prion disorders began with the dis-
covery of scrapie, a fatal, degenerative disease found in 
sheep. The name scrapie was derived from the fact that 
the sheep scraped off their fur because of a neuronal de-
generation. The disease was found over 250 years ago to 
be transmissible from animal to animal. In the 1950s, an 
epidemic of a brain degeneration,  called kuru, was ob-
served in Eastern New Guinea. The US National Institutes 
of Health sent Daniel Carleton Gajdusek, a pediatrician 
scientist, to research the disorder. He lived for years in 
the highlands of New Guinea, learned all the local lan-
guages, and carried out extensive investigations. He 
found no evidence of a toxic, nutritional, genetic, meta-
bolic, traumatic, or infectious origin of the malady. No-
tably, there was no evidence in the brain of an infectious 
process.

The nature of the illness remained unclear until the Brit-
ish veterinary pathologist William Hadlow wrote to Gaj-
dusek in 1959 to remark that the pathology of kuru in the 
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brain was highly similar to that of scrapie. Because of this 
observation, Gajdusek and collaborators inoculated brain 
material from affected persons into the brains of chimpan-
zees. After several years, the animals developed the disease. 
This led to a remarkable series of studies showing that the 
infectious agent in kuru, as well as CJD, is an abnormally 
formed protein that lacks nucleic acids. (Gadjusek and col-
leagues acknowledged the contributions of chimpanzees 
Daisey, Joanne, and Georgette to the research in their 1966 
paper, which was published in the journal Nature.76) The 
prion concept was developed through an important series 
of elegant studies by Stanley Prusiner. Both Gadjusek and 
Prusiner received Nobel Prizes in Physiology or Medicine 
for their contributions.

In the 1980s, an epidemic brain degeneration was found 
in cattle in the United Kingdom. The pathology of the dis-
order was highly similar to that of scrapie, kuru, and CJD. 
Despite this similarity of the two conditions, the danger 
of eating infected cattle was  initially dismissed by the 
British government. It was originally thought that scrapie 
could not be transmitted from sheep to cattle. It was later 
 believed that the condition, called bovine spongiform en-
cephalopathy (BSE or mad cow disease), could not be trans-
mitted from cattle to humans. All of these original beliefs 
were wrong. The epidemic in cows has been linked to the 
process of feeding rendered material from cows to other 
cows.I More than 225 people died after eating infected beef 
and contracting BSE. CJD and BSE are both  untreatable 
currently.

I At the time the crisis of BSE was developing in the United 

Kingdom, the Agriculture Minister, John Gummer, fed a burger 

to his four-year-old daughter at a press conference to show how 

safe it was. Unfortunately, he was mistaken. A video of the event 

is available here: www.youtube.com/watch?v=QobuvWX_Grc.
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Stanley Prusiner and many others worldwide are work-
ing on developing a therapy. The concept of the prion 
 disorders is based upon the transmissibility of an abnor-
mally configured protein structure. It is now believed that 
similar processes are involved in Alzheimer’s disease, Par-
kinson’s disease, and amyotrophic lateral sclerosis (see 
Chapter 5). Contrary to the findings for BSE, there is no 
 evidence that these diseases are transmitted between per-
sons or from animals to humans.

Nowadays, the risk of BSE has decreased because the 
process of feeding material from cows to cows has been 
banned globally. However, fish raised on fish farms may 
be fed material from cows, and fish are able to be infected 
with the prion. In my opinion, ground-up cow carcasses 
should not be fed to fish. It seems to me that fish do per-
fectly well in the sea without eating cows. The problem, 
of course, is economical – renderers need to find a buyer 
for their product. (Rendering is the conversion of animal 
tissue into stable, usable materials.)

Along with several co-authors, I published a paper in 
2009 suggesting that cows should not be fed to fish be-
cause of the risk of infection of the fish with a BSE agent. 
Also, fish can be a carrier of the agent, which is highly re-
sistant to inactivation.77 Following publication, the direc-
tor of a renderers’ association called me with concern. He 
asked, “What can we do with unwanted items from the 
slaughter of cows if they can’t be used in fish farming?” 
I suggested that they be burnt (he wasn’t happy with my 
suggestion). An additional concern is that the nutritional 
value of fish is related to the diet of the fish. Fish who eat 
beef may not have the same levels of omega-3 polyunsatu-
rated fatty acids that are beneficial to humans as fish eat-
ing their normal diet. Also of concern is the fact that BSE 
can develop spontaneously in cows; it is not necessary for 
the cow to have received an infectious agent from another 
cow. Just as CJD can spontaneously develop in a human 
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without a genetic anomaly or exposure to prions, BSE can 
spontaneously develop in a cow. In the European Union 
and  Japan, most animals are tested for BSE. In the United 
States,  animals are not routinely tested for BSE.

Chronic Traumatic Encephalopathy

Scientific advances have demonstrated that playing Amer-
ican football is associated with a high risk of an incurable 
neurodegenerative disease called chronic traumatic en-
cephalopathy (CTE).78 The National Football League (NFL) 
has recognized the harmful influences of the game on 
brain function, as indicated by its $765 million concussion 
settlement with former players. Today, there is ample in-
formation available to show that head injuries are bad for 
the brain: big injuries are bad and little injuries are bad, 
especially when they are repetitive. Perhaps the greatest 

Case Study 7

A 42-year-old male patient of mine had a five-month his-
tory of rapidly progressive dementia with violent out-
bursts, hitting his wife, and waking up in the middle 
of the night. An electroencephalogram was highly ab-
normal with epileptic activity. There was no report of 
neurological or psychiatric disease in his family. He was 
moderately demented and could not name the previous 
president. He developed difficulty with visual percep-
tion and walked into objects. When he walked toward 
a window with venetian blinds, he thought it was a 
staircase. In tests, the CSF showed signs of CJD and MRI 
showed extensive asymmetric changes in the cerebral 
cortex typical for the disease. After six months of rapid 
progression, the patient died of CJD.
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wisdom comes from Hippocrates, who said, “No head in-
jury is too severe to despair of, nor too trivial to ignore.”

Today, there is ample information available to 
show that head injuries are bad for the brain: 
big injuries are bad and little injuries are bad, 
especially when they are repetitive.

The risk of the development of CTE has been well docu-
mented in both college and professional American foot-
ball players. We know now that multiple mild, moderate, 
or severe head injuries cause damage to the brain that 
can lead to this chronic, progressive, and untreatable dis-
order. Subjects with CTE are found to have progressive de-
generation in the frontal lobes, amygdala, hippocampus, 
and medial temporal lobes of the brain, and demonstrate 
cognitive deterioration, loss of motor abilities, agitation, 
depression, and suicidal thoughts. The neuropathology of 
CTE has been found to be positively correlated with years 
of playing the high-impact sport, where hits are celebrated 
(the risk is higher, the longer people play). CTE can only 
be diagnosed after death. In a recent study of 202 former 
National Football League football players, CTE was found 
in 87 percent of the players’ brains.

The reason that society has not widely recognized the 
profound influence of head injuries in football is because 
the effects are both hidden and delayed. We see many occa-
sions where blows to the head are received, in every game of 
American football. When the player’s performance is affect-
ed (he has had his “bell rung”), the change is usually brief. 
These events often have little or no visible  effect on the play-
er at that moment. However, the belief that these shocks 
have no lasting effect on the brain is clearly an  illusion.

Consider the woodpecker, which was one of the first 
 examples of adaptive evolution revealed by Charles 
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 Darwin, and whose “feet, tail, beak and tongue” are “ad-
mirably adapted to catch insects under the bark of trees.”79 
The woodpecker drums its head against a tree at a speed 
of more than 20 times per second. It is only able to endure 
the forces sustained while feeding because its head, beak, 
and tongue have been adapted through natural  selection to 
protect the brain from the repetitive forces of smashing its 
beak into trees. This mechanism has allowed  woodpeckers 
to use their heads for food gathering in an effective and 
safe way for many millions of years. But evolution has 
not come up with a good mechanism through which the 
human brain can be protected from forces applied to the 
head, such as occurs in football. The brain damage football 
players suffer is not visible. We are deluded by the remark-
able ability of the brain to maintain or regain conscious-
ness after blows to the head. However, this recovery masks 
the initiation of brain pathology.

Tragically, there is no valid diagnostic test at the mo-
ment for CTE and no effective treatment. It is painfully 
 obvious that people should not participate in a sport with 
a high risk of head injury. These sorts of sports are espe-
cially hazardous for children, as their brains are not fully 
developed until the end of the second decade of life, and 
thus they are more vulnerable to physical damage. Inju-
ries to the head sustained in early life through sporting 
activities may also cause problems later, because of lower 
 cognitive reserve.

Other Conditions

There are also several other uncommon neurodegenera-
tive diseases. These include progressive supranuclear palsy, 
characterized by features of Parkinson’s disease (referred 
to as parkinsonism), difficulty with up and down eye move-
ments, dizziness, vertigo, falling, and unsteadiness. Multiple 
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system atrophy is a non-genetic condition in which there are 
also features of Parkinson’s disease, including poor balance 
and coordination, bladder problems, cognitive difficulties, 
and poor control of blood pressure. In cortical basal degen-
eration there may also be parkinsonism with stiffness, de-
mentia, weakness, and asymmetrical motor abnormalities.

A wide range of systemic problems that are not  primarily 
neurological may also cause dementia. These conditions 
may primarily affect every one of the body’s organ sys-
tems. The commonest cause of dementia in Germany in 
1907, when Alois Alzheimer reported his first case of ear-
ly-onset dementia, was syphilis of the nervous system. The 
commonest cause of dementia in people under 50 years of 
age today in New York City is HIV/AIDS.

Alcohol and the Brain

Alcohol abuse is a common cause of dementia. There are 
several ways in which excessive alcohol intake can dam-
age the brain. First of all, ethanol is directly toxic to neu-
rons. With age, the ability of the liver to detoxify alcohol 
and lower blood alcohol levels is impaired. Thus, persons 
who drink three drinks a day may begin to have cogni-
tive problems into their 80s because of their aged liver’s 
diminished ability to metabolize alcohol. Second, people 
who drink too much are often nutritionally deprived and 
can have a relatively sudden onset of dementia with psy-
chosis caused by thiamine deficiency (vitamin B1) (this is 
called the Wernicke Korsakoff syndrome). There may also 
be malnutrition for other nutrients in alcoholic persons, 
other than thiamine. Alcohol abuse is also associated with 
epilepsy and head injuries from falling. Alcoholic persons 
may develop liver damage which can severely impair the 
function of the central nervous system. Remarkably, sub-
jects with cognitive impairment caused by alcohol abuse 
may recover partially or completely if they are able to be 
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continuously abstinent for a prolonged period of time. Sci-
entific studies have shown a recovery of lost brain struc-
tures in alcoholic people who stop drinking.

Remarkably, subjects with cognitive impairment 
caused by alcohol abuse may recover partially 
or completely if they are able to be continuously 
abstinent for a prolonged period of time.

Conclusions

A wide range of conditions may cause dementia other than 
Alzheimer’s disease. A comprehensive evaluation must be 
performed in each case. Also, our ability to appreciate the 
opportunity of aging is related to the functional capacities 
of our four reserve factors, which requires us to avoid head 
injury and excess alcohol consumption.
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Without symbiosis, life on Earth as we see it today would not 
exist.

Eran Elinav, Israeli microbiota researcher80

Introduction to the Microbiota

Our bodies are home to a vast sea of microorganisms. They 
reside inside us and on all our body surfaces. There are as 
many cells of these microbial – microscopic – partners as 
there are our own cells. The word microbiota describes all 
the organisms that are living with us.

The important role of these partners of ours in our 
health and fitness has only been realized in the past 10 
years. They are invisible and do not receive the attention 
they deserve. The microbiota are a key component of our 
physical reserve. I know that this is a strange and new con-
cept to many. Before I outline the nature of these commu-
nities, I will share this story in order to illustrate a critical 
point of the book – that the gut bacteria are vital to our 
health and fitness.

Human breast milk contains complex sugars, referred 
to as oligosaccharides, that cannot be digested by the baby. 
There are more of these molecules in human breast milk 
than protein. There are over 200 different structures of 
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these molecules.81 When I read about this I was astound-
ed.  How is that possible? Why would evolution produce 
these complex sugars that can’t be used by the baby? The 
answer: babies are born without a well-developed bacterial 
community in the gut. While the baby can’t digest these 
sugars, they feed gut bacteria, which must establish a sta-
ble population inside the baby to encourage the health 
and development of the baby’s brain and immune system.

This is a powerful illustration of the importance of the 
bacteria for our well-being. The good news is that there are 
many things we can all do to improve our bacterial part-
ners, which can enhance our aging. There is a paradox con-
cerning our microbiota: we are not aware of them, yet they 
live on us and in us, and we can detect products of their 
fermentation. We deal with them every day through our 
dietary choices, without an awareness of the role they play 
in our lives. The microbiota are a central hub of our con-
trol systems, and are critical for health. The nature of the 
microbial communities we harbor are under our control. 
Our actions influence our partner organisms and impact 
their role in our health and fitness.

The nature of the microbial communities we 
harbor are under our control. Our actions 
 influence our partner organisms and impact 
their role in our health and fitness.

Our partner microbes are collectively referred to as the 
microbiota, and their genes and the genetic information 
they contain is called the metagenome or the microbiome. 
They should not be called “flora” or “microflora,” as they 
are not plants. Their communities are comprised of bac-
teria, viruses, fungi, protozoa, parasites, and other micro-
bial organisms. They are with us from birth throughout 
life, and have evolved with us. Even a billion years ago, our 
ancestors all had microbiota.
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The Location and Nature of Our Microbes

There are trillions and trillions of microbes (mostly viruses 
and bacteria) in and on our bodies. We also have twice as 
many viruses as bacteria inside us. Most of the viruses in 
the gut only infect bacteria, and do not damage humans. 
Our microbiota reside on the skin, in sweat glands, hair 
follicles, eyes, ears, nose, mouth, pharynx, larynx, and all 
parts of our intestine. Most of them have been identified 
only because of new genetic techniques that allow scien-
tists to study their genes (sequencing of their DNA allows 
for precise identification and analysis). Astoundingly, our 
bodies possess one hundred times more microbial genetic 
information than human genetic information.

Many of the microbial partners that inhabit us are sym-
bionts or mutualists. This kind of relationship is one where 
both partners benefit. For example, non-pathogenic skin 
bacteria help to prevent dangerous bacteria from gaining 
a foothold. We help these organisms by providing a place 
for them to live and harvest valuable nutrients. Symbiotic 
relationships are critical to biology.I

Our microbiota are part of who we are. We cannot 
 remove them and if we could it would be a really bad 
idea. The surface area of the gastrointestinal tract is about 
three-quarters of the area of a tennis court, and this is 
where the microbiota influence our health and disease. 
About 10 percent of the substances we ingest and used by 
the body to provide energy are of bacterial origin.

Why Are the Microbiota Important?

Microbiota influence all of our organ systems, assist in 
digestion, disease resistance, contribute to metabolism, 
and are critical for the maintenance of health and fitness. 

I Symbiosis is when two different organisms live together, 

benefiting both.
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A key step in uncovering the influence of the microbiota 
came with studies of germ-free animals. These are animals 
(usually mice) that have been raised in an environment 
free of microbes. Surprisingly, this work showed how an 
absence of microbes resulted in abnormalities of immu-
nity, metabolism, and behavior. Germ-free mice have de-
fective immune systems. It appears that exposure to gut 
bacteria is needed to educate the immune system on how 
to develop. The wide range of influences of the microbiota 
are shown in Tables 3 and 4.

Table 3 Diseases and processes influenced by the microbiota

Anxiety

Asthma

Autism

Allergies

Blood–brain barrier 

permeability

Brain development

Cancer

Cardiovascular disease

Cerebrovascular disease

Circadian clock

Diabetes (insulin 

responsiveness)

Depression

Digestion of nutrients

Drug metabolism and 

degradation of environmental 

chemicals

Fat storage

Gut–blood barrier permeability

Harvesting of nutrition from the gut

Immunity

Inflammatory bowel disease

Learning and memory

Liver disease

Metabolism

Microglia function

Multiple sclerosis

Neurodegenerative disorders 

(Alzheimer’s disease, Parkinson’s 

disease, ALS)

Obesity

Production of vitamins and 

essential amino acids (K, B3, folate)

Resistance from pathogens 

(disease-causing agents)

Resistance to famine

Satiety (feeling that one has eaten 

enough)

Sociability

Stress responses

Stroke
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Table 4 Examples of the influence of the microbiota on the body

• Bacteria in the nose can stimulate small molecules that 

inhibit the growth of other potentially harmful bacteria.82

• Dietary intake of salt can increase inflammation in the body, 

through actions on the microbiota and possibly increase the 

Alzheimer’s process in the brain.83

• Transfer of organisms from obese animals to animals 

lacking bacteria causes weight gain in the recipient animals. 

Obesity may be associated with an enhanced ability of the 

gut bacteria to obtain energy from the diet (harvesting), so 

that modulation of the microbiota may be a new approach to 

obesity.

• Metabolic products of the microbiota influence satiety, the 

perception leading to the cessation of feeding.

• Microbiota in the skin enhance wound healing.

• The gut microbiota of pregnant mice influence the immune 

and central nervous system functions of babies, including the 

development of autism, obesity, and diabetes.84

• The microbiota affect the way proteins are made by 

changing the packaging of DNA and, in doing so, regulate 

inflammation.85

• Bacteria have metabolic products that are bioactive 

metabolites, which can influence neuronal transmission 

and growth of neurons and synapses, as well as myelination 

(development of insulation on axons) and behavior.

• The influence of smoking, obesity, and alcohol on 

cardiovascular disease may operate through the microbiota.86

• Diets lacking fiber my cause erosion of the mucus layer 

of the intestine, leading to inflammation in the body and 

accelerating DNA damage that promotes tumor formation.87

• Gut bacteria can protect against heavy-metal toxicity.

• Dysbiosis is related to depression, anxiety, and cognitive 

impairment.
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Colonization versus Infection

It’s critical to understand that the presence of 
these bacteria in our bodies isn’t an infection.

It’s critical to understand that the presence of these bac-
teria in our bodies isn’t an infection. When microbes grow 
in an abnormal manner, in a place where they don’t be-
long and cause disease, that’s an infection. Our micro-
biota are present at all times and help to prevent infection 
by stably occupying a place in or on our bodies that makes 
it difficult for harmful organisms to flourish. This is re-
ferred to as colonization, not infection, and provides our 
bodies with “home field advantage” to stave off intruders 
that may harm us. When the population of bacteria are 
not supportive of health, a state of dysbiosis is observed 
(e.g., lower diversity of organisms). The interaction of our 
body and the microbiota go both ways: it has been said 

• Dysbiosis can be caused by agricultural chemicals and 

artificial sweeteners.

• Gut bacteria influence insulin resistance and diabetes.

• Microbiota metabolize foreign molecules including toxins and 

drugs, perhaps as much as the liver, and may protect us from 

toxins (they may also produce toxins from environmental 

molecules).

• Gut bacteria contribute to cancer creation, dissemination, and 

prevention.

• Gut bacteria keep the intestinal barrier strong and help to 

keep environment proteins and pathogens out.

• The microbiota can diminish the toxicity of therapeutic 

radiation.

Table 4 (cont.)
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that the immune system “gardens” the microbiota and 
chooses which organisms can become residents.

Infectious agents have been associated with neurode-
generative disease for many years. Viruses  can  remain 
dormant in the nervous system after infection for dec-
ades. Several researchers have shown evidence that her-
pes viruses may remain latent and participate in causing 
Alzheimer’s disease. Some scientists have suggested that 
this disease is initiated by the reactivation of herpes sim-
plex 1 and 2 or human herpes virus 6 in the brain, which 
were acquired during childhood. Reactivation of these 
viruses may be related to enhanced brain inflammation 
caused by peripheral infections.88 The best example of a 
disease caused by a latent virus is shingles, which is caused 
by the varicella zoster virus (also called herpes zoster) that 
triggers a mild illness in children called chickenpox. The 
virus often becomes resident in the body, with the risk of 
reactivation as shingles, causing skin eruption and pain 
many decades later. This is also an excellent example of 
the importance of our physical reserve factor, as the risk of 
shingles reactivation in older people is related to the pres-
ence of cancer, immunosuppressive medications, steroids, 
vitamin D deficiency, diabetes, and systemic illness. Crit-
ically, people over 50 years of age can be protected from 
shingles infection with a vaccine. Unfortunately, vaccine 
approaches to the treatment of Alzheimer’s disease based 
on development of an immune response to the amyloid- 
beta protein haven’t been shown to be effective. However, 
an awareness of the microbiota and the need for dietary 
diversity may be of preventive value, as our microbiota are 
a critical component of our physical reserve.

Diversity and the Microbiota

A critical feature of the microbiota is their diversity – a wide 
variety of organisms are present. The greatest  concentration 
of bacteria in our bodies is found in the colon, and adults 
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have perhaps one to two kilograms of living bacteria in the 
gut at all times. Studies of hunter–gatherer populations 
living today suggest that our ancestors had an even wider 
range of microbiota than we have now, because of their 
more varied diet. This is excellent support for the need for 
all of us to have a highly diverse diet. During my one-year 
sabbatical leave in Japan, I noted that a lunch may involve 
over 20 different items, whereas a cheese sandwich may 
have only two or three. Diversity in food feeds lots of dif-
ferent bacteria in the gut and it is good for health to have 
many kinds of microbes living there.

With aging, the normally great diversity of bacteria in 
the gut decreases due to a less varied diet. This decrease 
in diversity is correlated with age-related diseases, particu-
larly frailty, which is a condition with greatly reduced re-
serve capacity. Because they have less diverse microbiota, 
the aged may have reduced resilience, so that the impact 
of antibiotics and illness may be more marked than other-
wise. The reduced resilience of the microbiota with aging 
can be avoided with attention to dietary choices.

The Oral Microbiome

Although the majority of studies of the microbiota have fo-
cused on intestinal organisms, oral bacteria are also linked 
to brain and heart diseases. It is clear that our partner or-
ganisms in the mouth, throat, and sinuses also play critical 
roles in many processes important in human life.

Here’s how it works: There are about 1,000 different spe-
cies of microbes that live in the mouth, nose, and throat. A 
single milliliter of saliva may have as many as 100 million 
bacterial cells, which is pretty impressive when you think 
about it. Their presence makes it difficult for disease- 
causing organisms to grow (home field advantage, again). 
Many of the resident bacteria in the mouth can cause in-
flammation locally and systemically. The commonest kind 
of  bacterial infection in the mouth is periodontitis, a gum 
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infection that damages the attachment of teeth. Periodon-
titis is a risk factor for cardiovascular disease, as well as 
stroke and Alzheimer’s disease. Scientists at the University 
of Louisville, led by Professor Jan Potempa, have found that 
an oral bacterium may infiltrate the brain and secrete tox-
ins, which damage neurons.89 A clinical trial of Alzheim-
er’s using a small molecule which inhibits the bacteria’s 
toxic effects is under way.

Studies have also shown that oral bacteria can influence 
the production of immune cells in the body to activate 
inflammation at many sites, including the brain. Such in-
flammatory influences can actively contribute to neuro-
degeneration. Research I’m involved in with colleagues in 
Osaka, Japan, has shown that oral bacteria also contribute 
to small and large strokes.73 Oral health is a critical part 
of our physical reserve and attention to oral health helps 
to manage unhealthy microbiota in the mouth and throat 
(see Chapter 22).

Oral health is a critical part of our physical 
 reserve and attention to oral health helps to 
manage unhealthy microbiota in the mouth 
and throat

We must understand the microbiota from an evolution-
ary perspective to appreciate their role in our physical re-
serve.

Co-evolution and the Microbiota

The wide-ranging influence of the gut bacteria can be 
understood by considering our evolution, as well as the 
evolution of bacteria. They play an important role in our 
health and avoidance of disease; therefore, it is necessary 
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for the body to nurture the microbiota. In this scenario, we 
are the host, and the microbes are our partners.

Our history with the microbiota is best de-
scribed by the word co-evolution. We evolved 
with them, and they evolved with us.

Our history with the microbiota is best described by 
the word co-evolution. We evolved with them, and they 
evolved with us. It is obviously necessary for the bacteria 
that our bodies tolerate their presence because we would 
mount a vigorous immunological attack if we considered 
them to be foreign invaders and pathogens (disease- causing 
organisms). If that happened, everyone would have inflam-
matory bowel disease or much, much worse. Our immune 
system has developed the capacity to recognize and mon-
itor the contents of the microbiota and to tolerate their 
presence. The immune system removes unwanted organ-
isms (weeds?), enhancing the growth of desirable ones.

Since diet influences the microbiota and diet varies 
around the world, are there influences of geography on 
bacterial populations?

The Microbiota and Disease around the World

A fascinating perspective on the microbiota is provided 
by considering global patterns of disease. Alzheimer’s dis-
ease has been found to be less common in older people 
in India and Africa than in Europe and the United States. 
While working in Kenya on an Alzheimer’s project, I met 
a former dean of the School of Medicine at the University 
of Nairobi. He was 76 years old and recounted how, when 
he was in medical school in the 1950s, a patient suffered 
a heart attack. Doctors and medical students visited him 
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 because they had never seen a person who had experi-
enced such an ailment.

Our studies in rural Kenya showed people living there 
had an extremely low intake of saturated fat. This was espe-
cially true of Kenyans born in the mid-twentieth century. 
People told us that when they were young, they ate meat 
once or twice a year. This was because animals in their vil-
lage were too precious for slaughter. Their diet consisted 
of corn, rice, beans, sweet potatoes, yams, and other veget-
ables and legumes. Did they use butter, chicken or beef 
fat, olive oil, margarine, or vegetable oil when cooking? 
Nope. Their plant products were cooked by boiling, the 
most low-fat option possible. The high level of plant con-
sumption also provided high levels of dietary fiber.

The lower risk of Alzheimer’s disease in Africans in 
comparison to many Americans may be due to Africans’ 
higher consumption of fiber, as well a lower intake of 
saturated fat. Their higher level of physical activity, and 
greater physical reserve, may also be protective against 
the development of Alzheimer’s disease (see Chapter 9). 
Africa is the most diverse continent on Earth and the situ-
ation in other areas of Africa may very well be different. 
Unfortunately, there has been relatively little research on 
age-related neurological disease in this continent.

Black Americans are at higher risk for Alzheimer’s dis-
ease than Africans. The higher Alzheimer’s disease risk in 
African Americans compared to Africans led us to develop 
a health literacy program in Cleveland, while I was work-
ing at the Case Western Reserve University. We partnered 
with African American churches to educate the public 
about the potentially modifiable risk factors for the dis-
ease. A special moment was when a pastor told his con-
gregation that we should “be like Jesus, walk! Jesus didn’t 
take the bus.” The pastor encouraged the audience to eat 
the genuine “soul food,” which was what their ancestors 
ate in Africa: beans, rice, legumes, vegetables, and not 
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what is currently considered soul food: pork, ribs, fried 
chicken, macaroni and cheese. All of us, regardless of race, 
ethnicity, or religion, would benefit from the words of this 
wise pastor. Don’t take the bus or drive your car to every 
destination: walk, jog, or bike. Or, if this isn’t feasible, pick 
a parking spot a few blocks from work or walk to a bus 
stop one or two stops away. Every step matters on the road 
to a healthier life, and a plant-based high-fiber diet, low in 
meat, is best.

With support from the National Institute on Aging at 
the National Institutes of Health, I also studied Alzheim-
er’s disease in the Middle East. My colleagues and I found 
that the disease was relatively more common in Arabs 
residing in Israel than in other countries. The factors re-
sponsible may include the relatively high occurrence in 
Arabs of a diet high in saturated fat, low levels of educa-
tion, obesity, physical inactivity, hypertension, and low 
rates of fish consumption. We were surprised to find that 
the apolipoprotein E ε4 Alzheimer’s disease risk gene was 
actually less common in Arabs than in other communities. 
This work was accomplished by Palestinian neurologists, 
who went door to door to evaluate older residents. A diffi-
cult problem they faced was that in every home they were 
greeted as a guest and expected to have a cup of Arabic 
coffee. I know from experience that it is not advisable to 
drink more than two or three cups of such coffee in the 
morning. But refusing the host’s offer was impolite. (All in 
a day’s work for science!)

How to Do “Gene Therapy in the Kitchen”

The good news about the microbiota is that it is relatively 
easy to change bacterial populations in the gut. Changing 
the bacterial DNA in the intestines can be done in as lit-
tle as two weeks by altering diet. I call this “gene therapy 
in the kitchen.” A good example of this is a remarkable 
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study from Pittsburgh and South Africa. The risk of colon 
cancer is five to ten times more common in African Amer-
icans in the United States then in black Africans living in 
South Africa. Alzheimer’s disease and cardiovascular dis-
ease are also less common in Africans compared to African 
Americans. The diet of many African Americans is higher 
in salt and saturated fat and lower in fiber than the diet 
of South Africans. This study changed the diet in the two 
communities, so that African Americans were consuming 
a diet similar to that of the South Africans and the South 
Africans were consuming an African American diet. After 
two weeks they found expected patterns of change in the 
microbiota, as well as changes in metabolism, so that the 
African Americans who were consuming a better diet had 
healthier microbiota, and the South Africans now had un-
healthy microbiota. The changes demonstrated that the 
gut bacteria of the South Africans, who were now consum-
ing the African American diet, provided their hosts with 
molecular signals indicating a higher risk of cancer and 
inflammatory diseases.90

The lesson here is that changes we make to our diet today 
can improve our health quickly. We all need to consider 
the opportunity to pursue gene therapy in the kitchen. Do-
ing this is relatively straightforward: next time you dine 
at a restaurant, order the kale salad. When you’re home, 
make a tofu stir fry instead of a pork stir fry. Skip the salty 
snack and reach for the apple instead. Better yet, don’t buy 
the salty snack or ground hamburger or the chocolate ice 
cream with Oreos (really, you can do it!). Changing your 
diet is difficult, but not impossible (see Chapter 20).

I can’t say enough about the importance of fiber in the 
diet. Eating fiber is critical to human health – and prevent-
ing Alzheimer’s disease and dementia – yet few Americans 
eat enough brown rice, beans, nuts, berries, and  other 
sources of fiber. Your body needs fiber because of the 
short-chain fatty acids (SCFAs) made by gut bacteria. These 
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SCFAs are small molecules that influence energy use in the 
body. The bacteria that make SCFAs love eating fiber as 
much as you love eating ice cream. Since SCFAs enhance 
gut bacterial health, their need for fiber is critical to your 
health. Studies show that people with Parkinson’s disease 
and low levels of SCFAs are more likely to suffer cognitive 
impairment.

SCFAs help you to feel fuller for longer, to improve li-
pid levels, to better manage diabetes, and to enhance the 
health of the intestinal barrier, which prevents the poten-
tially harmful contents of the intestine from entering the 
bloodstream. SCFAs also influence the way DNA is used in 
the immune system to produce more circulating immune 
cells, which serve to enhance tolerance by diminishing 
the aggression of immune responses. This is a generally 
beneficial effect, as aggressive immune responses (inflam-
mation) are an important feature of several age-related 
diseases,  including heart disease, diabetes, stroke, macu-
lar degeneration, cancer, and arthritis, as well as neurode-
generation. Dietary fiber has been found to have beneficial 
 effects on cardiovascular disease, diabetes, and cancer. Less 
than 10 percent of Americans consume the recommended 
amount of dietary fiber.

The Microbiota and Immunity

There are several ways in which bacteria in the gut, includ-
ing the mouth and nose, can influence our health. Their 
important influences on the immune system concern both 
inborn – or innate – responses (called the innate immune 
system) and the adaptive immune system. The innate immune 
system responds to potential threats very quickly, without 
the need for previous exposure. It has mechanisms to de-
tect and rapidly respond to bacterial signals that it recog-
nizes as hazardous and can recruit immune cells to sites 
of infection and activate immune responses with cells and 
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immune molecules. The adaptive immune system allows 
for highly specific responses to be made depending upon 
previous exposures. For example, immunity to measles fol-
lowing vaccination is a response of the adaptive immune 
system. The functions of both the innate and adaptive 
 immune systems are influenced by the microbiota.

Bacterial products may be beneficial for health, such as 
SCFAs. They may also be disease inducing. The molecule 
trimethylamine is made by gut bacteria and leads to more 
heart disease, stroke, and Alzheimer’s disease. The bac-
teria that make this molcule are increased by meat and 
eggs in the diet. Functional bacterial amyloids are another 
bacterial product with negative effects on health.

Neurodegenerative Disease and the Microbiota

There have been limited advances in therapies for Alzheim-
er’s disease and related disorders in the last 20 years. I be-
lieve that this is because most of the work in the area is 
devoted to showing what is going wrong. My approach is 
to ask why it is going wrong. The Nobel laureate Stanley 
Prusiner has suggested that the initiating factor in these 
brain diseases is the random development of an abnormal 
protein-folding structure. I find this explanation unsatis-
fying and prefer to consider the role that our largest envi-
ronmental exposure (the microbiota) plays in age-related 
brain disease. Signals from the microbiota may serve to 
initiate disease processes in neurodegeneration.

Bacteria make molecules that are similar in their 
three-dimensional structure to the amyloid-beta protein 
found in Alzheimer’s disease and the alpha synuclein pro-
tein found in Parkinson’s disease. These microbial prod-
ucts are called functional bacterial amyloids because they 
help the bacteria to stick together, form communities, 
and resist destruction. Half of all bacteria make functional 
 bacterial amyloids. (Amyloids are discussed in Chapter 5.)
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In 2015, I proposed that bacterial amyloid proteins pro-
duced in the gut influence the misfolding of neuronal 
proteins.56 Exposure to the amyloid structure of the bac-
teria can make proteins in neurons adopt a similar and 
disease-causing shape. We and others have shown that 
exposure to the bacterial amyloids prepares the immune 
system to make it more reactive to brain amyloid proteins. 
In all the neurodegenerative disorders, there are excessive 
immune reactions going on in the brain. This may be ini-
tiated by interactions of the immune system with bacteria 
in the gut. The immune system that has been exposed to 
bacterial amyloids is more ready for action, so that when 
it is exposed to neuronal amyloid, the immune reaction is 
more intense. These proposals have now been confirmed 
in our labs as well as by others in Israel, Hong Kong, Den-
mark, and Los Angeles.

These concepts concerning microbial influences on the 
brain are new for me and many others. In science, it is com-
mon to be devoted to a narrow area with intense focus. 
The fact that we have no effective disease- modifying treat-
ments for the neurodegenerations suggests that a broader 
focus may help. The animal psychologist Wolfgang Kohler 
said:91 “It would be interesting to inquire how many times 
essential advances in science have first been made by the 
fact that the boundaries of special disciplines were not re-
spected … Trespassing is one of the most successful tech-
niques in science.”

My research approach is best summarized by saying 
there is only one kind of science, and that is the study of 
everything with all available methods. I am pleased to be 
a trespasser.

It has been well established that many older people have 
considerable amyloid-beta protein deposits and neuritic 
plaques in the brain (both features of Alzheimer’s disease) 
but are not cognitively impaired. It may be that as many 
as 50 percent of centenarians have significant pathology 

Our Microbiota and How to Do Gene Therapy in the Kitchen  141

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

in the brain but aren’t experiencing dementia. This may 
be because an immune response has not been directed 
against these age-related molecules.56,92 Exposure to func-
tional bacterial amyloid proteins made by the gut bacte-
ria may enhance the reaction in the brain to the cerebral 
amyloids that normally develop with age. The microbiota 
have also been shown to influence the activity of the most 
important immune cells in the brain, the microglia.

Our microbiota are part of our physical reserve factor. 
This reveals an essential component of the concept of the 
reserves: the reserve factors influence disease processes 
and also influence the body’s responses to these processes.

The reserve factors influence disease processes 
and also influence the body’s responses to these 
processes.

The Gut–Brain Pathway

There are several avenues by which microbiota affect brain 
function and disease. Figure 5 shows routes with which mi-
crobes in the nose, mouth, and intestines may influence 
the brain and the spinal cord. Neuronal molecules (such 
as amyloid beta, tau, alpha-synuclein and others), micro-
bial metabolic products as well as microbes themselves 
can travel from the nose, mouth or intestine to the central 
nervous system through the cranial nerves (including the 
vagus nerve), as well as through other parts of the auto-
nomic nervous system. Microbial products and microbes 
can also travel through the blood. Note that the pathway 
is bidirectional. It is also possible for neuronal molecules 
and microbes to travel from the central nervous system to 
the nose, mouth, and gut.

It is tempting to suggest that the pathways shown in 
Figure 5 help us to understand the origin of the various 
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modes of onset of amyotrophic lateral sclerosis (ALS). Some 
patients develop slurred speech and difficulty swallowing 
in the early stages of ALS, suggestive of brainstem involve-
ment. This could be because of microbial influences in the 
nose or mouth. Other people may have onset with weak-
ness in an ankle, which may be because of the influence 
of microbial factors from the intestine on the spinal cord.

There are more than 100 million neurons in the gastro-
intestinal tract, more than in the spinal cord. Bacteria and 
bacterial products can influence these neurons in the gut. 
Those interactions can be transmitted to the brain through 
the autonomic nervous system and cause disease. Is there 
a precedent for this? The answer is yes. It’s known that 
intestinal exposure to proteins with an amyloid configu-
ration can cause a protein-folding disorder in the brain. 
The best example of this is bovine spongiform encephalop-
athy (BSE), also known as mad cow disease. This happens 
when infected beef causes one of the body’s proteins to be-
come abnormally folded, leading to rapid neurodegenera-
tion and death. An outbreak of this disorder in the United 
Kingdom in the 1980s caused over 200 deaths (see Chapter 
7). The transmissible agent in this disease is a misfolded 
protein called a prion. A similar process was discovered in 
eastern New Guinea in the 1950s, in an epidemic of a brain 
degeneration called kuru. In this condition, the brain de-
generation was caused by an infectious protein transmit-
ted though the eating of a relative’s infected brain tissue.II

It is believed that the pathway of transmission of the 
prion from the gut to the brain is through the autonomic 
nervous system, particularity the vagus nerve. The vagus 
is a nerve that provides input to the gut from the brain as 

II Cannibalism in New Guinea declined in the second half of the 

twentieth century after contact with the Western world was 

established. The disease is now extinct.
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well as input from the brain to the gut. It connects the low-
er regions of the brain in the brainstem to the intestines 
and other organs. If we eat too much and feel discomfort, 
it is because intestinal nerves noted the situation and in-
formed the brain via the vagus. Conversely, if we are hun-
gry and smell dinner and then feel intestinal rumblings, it 
is because of input from the brain to the gut via the vagus 
nerve.

The gut–brain pathway involving the vagus nerve has re-
ceived considerable recent interest.93 The pathological agent 
responsible for Parkinson’s disease, Alzheimer’s disease, or 
ALS may enter the nervous system through the gut via a pri-
on-like templated misfolding mechanism. Templated refers 
to the copying of one structure by another, in this case the 
structure is the folding pattern of a protein. Heiko Braak, a 
German neuroscientist, and colleagues have demonstrated 
that the spread of pathology in Parkinson’s disease goes from 
the gut to the brain, as well as from the nose to the brain. 
The dorsal motor nucleus of the vagus nerve in the medulla 
is a region affected early in the development of Parkinson’s 
disease and this is where the neurons of origin of the vagus 
nerve reside. Further evidence for the idea that agents in the 
gut influence neurodegenerative diseases comes from the 
observation that people who had their  vagus nerve cut in 
early life, because of peptic ulcer disease, have a lower risk 
of having Parkinson’s disease.94

Remarkably, studies show that neurodegenerative dis-
ease proteins can progress in both directions, from the gut 
to the brain or from the brain to the gut through the 
vagus nerve. This describes a bidirectional gut–brain 
axis (pathway). It has been documented that the gut bacte-
ria  modulate brain activity through this axis (see Figure 5). 
The gut bacteria also produce chemicals such as catecho-
lamines, the neurotransmitter serotonin, and gamma- 
aminobutyric acid, SCFAs, functional bacterial amyloids, 
and other agents which affect the functions of the brain.
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People often ask me how bacterial products get to the 
intestinal nervous system, since there is a well- developed 
and formidable barrier keeping gut contents away from 
the blood and nerve endings. Although this barrier is an 
 important feature of the gastrointestinal tract, it isn’t 
perfect. There are cells on the lining of the intestine 
that receive nerve endings containing the Parkinson’s 
disease-related protein alpha-synuclein. There is more 
 alpha-synuclein in the gut than in the brain. The pathway 
of the gut–brain axis can be involved in brain diseases 
without requiring the molecules or organisms to travel 
 directly from the gut to the brain. It may be their meta-
bolic products which travel through the pathway. It may 
be that misfolding of neuronal proteins can be initiated in 
the gut and transmitted to the brain in a manner similar 
to that of the prion diseases, such as BSE. Furthermore, 
bacteria and bacterial products in the gut can influence 
the immune cells which are present there, and these cells 
are known to travel everywhere in the body, including the 
brain. Since the microbiota are our most important envi-
ronmental exposure, it is necessary for the immune sys-
tem to know what is going on in the contents of the gut. 
It is evolutionarily required that there are mechanisms by 
which the immune system can sample gut molecules and 
organisms.

Since the microbiota are our most important 
environmental exposure, it is necessary for the 
immune system to know what is going on in 
the contents of the gut.

Microbiota-Based Treatments for Disease

The potential for the development of preventive and ther-
apeutic agents that influence the microbiota is  enormous, 
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as these partner organisms are dependent on what we 
feed them. There are many ways to alter their composi-
tion, including diet, prebiotics, probiotics, antibiotics, and 
fecal microbiota transplant. Prebiotics are foods and  other 
agents that enhance the growth of healthful bacteria. 
These are usually fiber-containing products, such as indi-
gestible complex carbohydrates (found in root vegetables, 
greens, fruit, oats, and seeds). Probiotics are live bacteria 
that have desirable influences on health, such as yogurt 
or kimchi.

People with an overgrowth of a dangerous bacteria in 
the gut called Clostridiodes (formerly Clostridium) difficile can 
die. The disease often doesn’t respond to antibiotics. How-
ever, many patients have been cured by a process called 
fecal microbiota transplant (FMT). With FMT, feces are 
taken from a person who is screened for the absence of 
infectious diseases and administered to the patient. This 
procedure significantly changes the bacterial population 
inside the recipient and has resulted in an excellent cure 
rate of the infection. Research is under way on expanding 
the opportunity to repair dysbiosis though bacterial ther-
apies. Proprietary mixtures of bacteria that can be used in 
place of FMT are being carried out and trials of FMT for 
Parkinson’s disease and ALS are under way. (Live bacteri-
al cocktail therapies may be comprised of as many as 50+ 
strains.)

These new therapies require close attention to the 
unique nature of bacterial communities in the body. Since 
everyone has a different microbiome, therapies will need 
to be personalized to each person’s own microbial ecology. 
It is estimated that there are twice as many phages (viruses 
that infect bacteria) in the gut as there are bacteria. Re-
search into the influence of phages on microbial activities 
in the gut is just beginning. There is potential for  specific 
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phages to be engineered to have precise influences on 
 aspects of bacterial communities. It is promising to con-
sider the untapped potential of microbial-based therapies.

As our microbial partners influence so many aspects 
of our health and fitness, they are intricately involved in 
protecting us from age-related changes and other threats. 
They are a critical part of our physical reserve.
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As we age, we have a little bit less of everything: less 
energy, less physical flexibility, less learning capacity. 
That’s why the concept of multiple reserve factors is so 
 important.

An example will be helpful. Consider  the sad scenario 
of an 80-year-old woman who falls at home and breaks her 
hip. She’s taken to the hospital for surgery and develops 
pneumonia and delirium, then dies. (Delirium was dis-
cussed in Chapter 5.) This is a common occurrence in hos-
pitals. Her cause of death may be recorded on the death 
certificate as “bacterial pneumonia,” and it may be that 
she died because she acquired a particularly dangerous 
strain of bacteria, which was unresponsive to antibiotics. 
However, there are many other factors that may have con-
tributed to her death. Looking at these multiple possibili-
ties shows the interconnected reserve factors involved in 
human health.

• Why did she fall? Factors that contribute to falls 
 include alcohol use, depression, social isolation, medi-
cations influencing drowsiness, or the presence of un-
safe conditions in the home (unstable rugs, electrical 
cords, pets). Did she fall because of a neurological prob-
lem, such as vitamin B12 deficiency (associated with 
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 stomach inflammation and vegetarian diet), weakness, 
or a previous unrecognized stroke?

• Did she have osteoporosis? Perhaps if her bone density 
had been higher, she would not have had the fracture. 
Was her bone density low because of medications or 
because of a calcium-deficient diet? Perhaps she was 
known to have osteoporosis and had been prescribed 
calcium supplements but did not take them?

• Did she have a poor immune response to bacteria in-
fecting her lungs? This could be caused by anemia, 
vitamin C or D deficiency, alcoholism, medications, 
or malnutrition. When people age, there is impaired 
production of vitamin D by the skin and vitamin D is 
important for the functioning of the immune system.

• Did she have an unhealthy population of gut and lung 
bacteria? The microbiota play an important role in the 
immune response to disease-causing organisms.

• Did she have a gastrointestinal problem that altered 
absorption and metabolism of the antibiotics which 
were prescribed for her pneumonia?

• Was she frail? Frailty is associated with an increased risk 
of falling, as well as a greater risk of dying from falls or 
from pneumonia.95 Older people who are underweight 
may lack the resources to survive an illness – including 
falls – where there is little opportunity for nutritional 
intake. This is because hospitalized patients may not 
eat well because of cognitive disturbances, depression, 
poor food quality, isolation, sedating medications, and 
other factors.

• Did she have a poor diet? Population-based studies 
have shown that older people at home who eat a less 
diverse diet than others have a higher risk of frailty.96

• Did she have preexisting lung, cardiac, or kidney dis-
ease? These diseases increase the chance of getting 
pneumonia and delirium. When that happens, the 
chance of dying increases.
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• Did she develop delirium because of inappropriate 
medications (common in older people), preexist-
ing neurodegenerative disease (e.g., early stages of 
Alzheimer’s disease, vascular cognitive impairment), 
or unrecognized thyroid disease?

• Did a lack of a social support system contribute to a 
poor diet, which impacted osteoporosis as well as frail-
ty and sensitivity to pneumonia and delirium?

• Did a lack of a social support system contribute to 
 depression and poor medication compliance?

• Was she depressed? Depression is also a risk factor for 
falls and frailty.

• Did she have a sleep disturbance that led to instability 
and falling, as well as an increased occurrence of aspir-
ation and pneumonia?

• Did she have medical problems that could not be 
 addressed because of poverty or lack of access to care?

• Was she obese? Obese people suffer impaired immune 
responses to infections and excessive autoimmunity.

• Did she have a low cognitive reserve, increasing her 
risk of falling and all of the subsequent consequences 
of her fall?

More possible interactions could be listed. The  complex 
web of interdependent interactions in this case illustrates 
the multiple determinants of health and disease. This mat-
ter can also be illustrated with a positive outcome.  Imagine 
an 80-year-old woman who does not fall, does not develop 
pneumonia and delirium, and lives to 96 years of age with 
meaningful interactions with friends and family. The 
chance for this desirable outcome will only be enhanced if 
her bodily and social interactions are working well.

The degree to which there are intact performance abil-
ities in these domains (cognitive, systemic, psychological, 
and social) is the key to the concept of multiple reserves. 
The degree to which human performance is affected by 
 declines with age depends upon these interactions.

F O U N D A T I O N S150

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Aging well isn’t just about avoiding death and disease. 
Aging healthily also means keeping the reserve capacity of 
our component systems high so that, as function declines 
with age, performance is less severely affected, and fitness 
is better maintained. The good news is there are lots of 
things everyone can do to maximize healthful interactions 
inside our body and between ourselves and friends, family, 
and community.

The good news is there are lots of things every-
one can do to maximize healthful interactions 
inside our body and between ourselves and 
friends, family, and community.

The body’s organ systems are interconnected and inter-
dependent. Our muscles are able to contract because of 
the supply of glucose and oxygen in the blood. Glucose is 
provided by the gut and the liver, and oxygen by the lungs, 
with the assistance, of course, of the heart. Our lungs 
are able to work because of the muscular actions of the 
chest and diaphragm, blood supplied by the right side of 
the heart, and the ability of the left side of the heart to 
accept the blood coming from the lungs. Our immune sys-
tem maintains our resistance to pathogens and our body’s 
ability to repair damage because of interactions with the 
microbiota. The immune system also enables the cells in 
the spleen, liver, and bone marrow to produce the neces-
sary molecules and cellular elements we need. All of these 
activities are monitored by the brain.

These interdependent activities are critical to aging be-
cause of the relatively reduced function of all systems. 
Imagine a 75 year-old woman who has the early stages of 
Alzheimer’s-related pathology in the brain, with no change 
in performance. If she also has a reduced cardiac output, low 
blood sugar, anemia, dehydration, urinary tract  infection, 
polypharmacy (too many or inappropriate medications), 
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poor lung function, alcohol abuse, or other systemic prob-
lems, impaired neurological function may develop without 
any additional damage or injury to the brain.

The brain obviously controls perception, conscious and 
unconscious emotions, language, and many other nervous 
system activities. Remarkably, the brain also influences 
hair growth, heart rhythm, kidney function, digestive en-
zyme secretion, gastrointestinal tract movements, and 
myriad other body activities. It is hard to find a human 
function which is not influenced by the brain. The brain is 
also dependent on the other body parts. It requires nearly 
constant supply of blood, oxygen, and glucose. Because of 
these continuous needs it is reliant upon the bone marrow 
producing red blood cells, the heart pumping blood, the 
arteries delivering the correct amount of blood, the liver 
producing a constant supply of glucose at correct levels, 
and the kidneys regulating electrolyte concentrations and 
water balance.

It needs to be a goal of our aging to enhance 
the possibility that negative interactions do not 
take place.

It needs to be a goal of our aging to enhance the possibil-
ity that negative interactions do not take place. In order to 
pursue this goal, we need to manage our lifestyle activities 
so that our fitness levels can be enhanced. By this I mean 
fitness in the sense of interdependence – fitness of all the 
body parts, not only one of them.

The Role of Our Organ Systems in Brain 
Health and Fitness with Aging

Let’s review what are some of the ways in which systemic 
factors influence the brain.
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Defense against Infectious Disease
Two people of the same age may acquire disease-causing 
microbes in the same part of the body with the same or-
ganism and with the same dose of pathogens and have 
vastly different results. The ability to resist the infection 
depends upon the ability of the multiple reserves to main-
tain a state of healthy balance (homeostasis). The poten-
tial for disease caused by an infectious agent is related to 
nutritional status, body weight, immune competency, and 
the microbiota. An inadequate immune response, related 
to vitamin and other nutritional deficiencies, may lead to 
disability or death.

On the other hand, an excessive response to an infection 
may have deleterious effects on the body. This situation, 
which is more common in older than younger persons, 
develops when the immune response to pathogens caus-
es damage exceeding the damage caused by the infectious 
agent. This has been observed in viral and bacterial menin-
gitis and encephalitis, as well as viral pneumonia, includ-
ing coronavirus disease 2019 (Covid-19).97 The propensity 
to develop these excessive responses is influenced by the 
composition of the microbiome. The process of excessive 
immune responses may involve a lack of tolerance. We are 
home to several trillion of our microbial partners, and it 
is critical that the immune system’s surveillance does not 
lead to an attack on organisms that we need to tolerate (not 
attack). Our capacity for tolerance is set by the microbiota.

Infectious disorders anywhere in the body can negative-
ly influence brain function. Inflammation anywhere in the 
body has been associated with cognitive impairment as well 
as strokes, small brain hemorrhages, Alzheimer’s disease, 
Parkinson’s disease, and amyotrophic lateral sclerosis (ALS).98

The Microbiota and the Gastrointestinal Tract
The role of the microbiota is critical in these interactions 
amongst our organ systems. As discussed in the previous 

The Health of the Body and the Physical Reserve Factor  153

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

chapter, gut bacteria that like to eat meat, cheese, and eggs 
(meat cheese and eggs contain carnitine, choline, and phos-
phatidylcholine) enhance the growth of bacteria that make 
a molecule called trimethylamine (TMA). (There is more 
carnitine in red meat then in chicken or fish.) TMA is ox-
idized in the liver to trimethylamine oxide (TMAO). This 
molecule has been found in elegant studies from the Cleve-
land Clinic to accelerate impairment of cardiac and brain 
blood vessels, leading to heart attacks and stroke. TMAO in-
creases the propensity of platelets to stick to the blood ves-
sel wall and increases the deposition of lipids in the blood 
vessels. Serum TMAO has also been found to be increased 
in Alzheimer’s disease and mild cognitive impairment.75 
People on vegetarian diets have bacteria that produce less 
TMAO. This work is being explored for the development 
of agents to alter the production of TMA by the microbio-
ta. Also, these molecules may be produced in the mouth as 
well as in the intestine and could have a direct influence 
on the brain through the cranial nerves and blood vessels.

Our microbiota also protect us from harmful bacteria 
by occupying unique environmental locations referred 
to as niches. Their presence in their niche, which may be 
in the mouth, nose, larynx, pharynx, outer ear, intestinal 
tract, on the skin, and elsewhere, makes it difficult for 
 disease-causing bacteria to gain a foothold. The “good” bac-
teria also produce molecules that impair the growth of oth-
er bacteria, and they increase the security of the intestinal 
barrier, which keeps intestinal contents out of the blood.

In order to avoid dysbiosis (an unhealthy state of the gut 
bacteria) we need to have a high-fiber, diverse diet.  Beware 
of the risk factors that diminish the multiple reserve 
 factors (see Chapter 5).

Endocrine System
Adult-onset diabetes is a significant risk factor for Alzhei-
mer’s disease and cognitive impairment caused by stroke. 

F O U N D A T I O N S154

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

If you have diabetes, don’t fret. There are things you can 
do to live a healthier life: diet and exercise are key. So is 
managing obesity. A high-fiber diet may improve insulin 
responsiveness, which helps in the management of dia-
betes. The influence of diabetes on cognition is complex, 
as the condition contributes to vascular damage in the 
brain, which also increases dementia risk. Both the high- 
and low-blood-sugar episodes in diabetes may contribute 
to loss of cognition. People with diabetes also have an 
 impaired resistance to infection together with a risk of 
peripheral  neuropathy, peripheral vascular disease, and 
kidney impairment. There are persons with diabetes who 
may remove their diabetic state by loss of weight, exer-
cise, and dietary changes.

Thyroid deficiency is also common in older persons and 
can cause cognitive losses.

Body Weight and Metabolism
Obesity is a risk factor for cognitive impairment, stroke, 
and Alzheimer’s disease. There are negative effects of 
obesity on the structure and function of the cortex of the 
brain in aging. These matters may be related to complex 
interactions of obesity with other factors, such as diabetes, 
hypertension, poor diet, and less physical activity. Obese 
persons have an overactive immune system, which can 
have damaging effects on age-related brain conditions. Re-
garding the association of obesity with immune hyperacti-
vation, obesity is like having an active wound. Body weight 
is not the only matter of concern. Abdominal deposition of 
adipose tissue (fat) is associated with several poor health 
outcomes.

It is also unhealthy to be significantly underweight. For 
persons aged 65 years and older it may be more hazardous 
to their health to be underweight than overweight. People 
who are underweight lack nutritional reserves that can 
sustain them during an illness or other stressful  episode. 
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The development of frailty is also a danger for under-
weight persons. A recent study in the Democratic Republic 
of the Congo showed that young adults who had experi-
enced severe acute malnutrition in childhood were at risk 
for deficits in educational attainment and cognitive func-
tion when they grew older.99

Hypertension
Hypertension (high blood pressure) in middle age is an im-
portant risk factor for the development of Alzheimer’s dis-
ease in later life. It is a key risk factor for cardiovascular and 
cerebral vascular disease as well. Hypertension may lead 
to small or large strokes, as well as vascular damage to the 
white matter, which can cause significant cognitive impair-
ment. Control of hypertension is vital for people of all ages.

Sensory Deficits
It’s easy to overlook the eyes and ears, but don’t do it. 
Visual and auditory problems are both common with 
 aging and can hasten the appearance of cognitive impair-
ment, Alzheimer’s disease, and depression. Hearing prob-
lems disturb communication and may lead to loneliness 
and depression. Hearing loss is one of the most modifia-
ble risk factors for dementia and may be responsible for 9 
percent of cases.100 Research supports the value of cataract 
repair and the use of hearing aids in improving behavioral 
performance. Certainly, it is important that the risk of sen-
sory deficits is reduced, through the recognition and man-
agement of glaucoma and the avoidance of sound-induced 
trauma to the ears. Sensory deficits can play an important 
role in restricting social and physical activities, with nega-
tive consequences for the brain.

If you love listening to the Beatles or George Frideric 
Handel with the volume cranked to eleven, don’t.  Exposure 
to loud noises for long periods of time elicit harmful stress 
responses linked to depression and cognitive impairment, 
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as well as heart disease. Furthermore, noise-induced trau-
ma to the inner ear can cause the permanent loss of hear-
ing ability.

Frailty
Frailty is a condition of increased vulnerability caused by 
decreased physical capacity. When this happens, there 
is an impaired response to stress.100 Frailty is a common 
condition in older persons, with an increased risk for poor 
health outcomes such as falls, dementia, delirium, de-
pression, hospitalization, and mortality. Frailty can have 
both physical and psychological effects. It is also linked to 
cognitive impairment and delirium and is associated with 
more rapid decline and a higher conversion rate from mild 
cognitive impairment to Alzheimer’s disease.

Heart and Lungs
Good heart and lung health is linked closely to good brain 
health. This is clearly because both the heart and the 
brain share blood vessel systems with similar character-
istics. One academic paper emphasized this with the title, 
“Healthy young hearts sharper older minds make.”101

As mentioned above, hypertension in midlife is a risk 
factor for cognitive impairment in later life, through the 
increased risk of both Alzheimer’s disease and stroke. Fail-
ing pump function of the heart lowers blood pressure and 
brain perfusion and can cause cognitive impairment, and 
atrophy of the brain. Atrial fibrillation as well as valvu-
lar heart disease can cause strokes. Chronic obstructive 
pulmonary disease (also called emphysema) can impair 
cerebral circulation and cause cognitive impairment and 
strokes.

Anemia (a low amount of red blood cells in the circula-
tion) is associated with an increased risk of Alzheimer’s dis-
ease, cognitive impairment without Alzheimer’s disease, 
white matter degeneration, and cerebral microbleeds. One 
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study found that the risk of developing dementia was in-
creased by 34 percent by the presence of anemia. Older 
persons with the highest and lowest hemoglobin levels 
have a higher risk of dementia and cognitive decline.

Kidneys
There is good evidence for an association between kidney 
dysfunction and cognitive impairment and dementia. Evi-
dence suggests that albumin in the urine is associated with 
higher odds of developing cognitive impairment or de-
mentia and reduced kidney function predicts disability.24 
Chronic kidney disease has been linked to white  matter 
disease and cognitive impairment.

Liver
The liver plays an essential role in the body’s regulato-
ry activities. It removes toxins and aids the digestion 
and absorption of nutrients as well as managing glucose 
supplies, the storage of glycogen, the destruction of red 
blood cells, and the production of hormones. If the liver is 
not working properly, toxic products (some made by the 
 microbiota in the gastrointestinal tract) may accumulate 
in the circulation and damage brain function. The liver 
produces proteins that bind drugs and other molecules to 
 allow for proper distribution and clearance. One such pro-
tein, albumin, helps maintain the balance of fluids in our 
tissues and circulation, and also transports molecules in 
the blood, such as hormones, enzymes, and vitamins. In a 
2010 study, we found that low albumin levels are associat-
ed with a higher risk of cognitive impairment.102 

Protection from Environmental and Self-Made 

(Endogenous) Toxins
The liver, kidneys, and the microbiota all play crucial roles 
in detoxifying environmental toxins as well as those made 
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by the body. It is important that they be in good shape 
throughout life because they are so important for our 
physical reserve.

Oral Health
Periodontitis is a risk factor for heart disease and stroke as 
well as Alzheimer’s disease. Studies show that oral bacteria 
produce proteins that increase the risk of large and small 
bleeding in the brain.73 Also, loss of teeth is associated 
with cognitive impairment and Alzheimer’s disease. There 
is a lack of convincing evidence that mercury in amalgam 
dental fillings is a risk factor for Alzheimer’s disease.

Response to Surgery
Older persons and those with cognitive impairment and 
Alzheimer’s disease are more sensitive to the negative ef-
fects of anesthetic agents and of surgical procedures. The 
risk for postoperative delirium is higher in cognitively im-
paired subjects. Everyone should be aware of the risks of 
surgery and it should only be done when absolutely neces-
sary.

Pain
Chronic pain can cause cognitive impairment in many 
ways: depression, social isolation, impaired physical activ-
ity, toxicity of medications, and systemic inflammation. In 
addition, the effects of chronic stress can damage the brain.

Comorbidities
Many older people suffer from multiple conditions at the 
same time. The impact of medical illnesses on brain func-
tion is more than additive. Having more than one chron-
ic condition is bad. And worse than you think. Multiple 
chronic conditions often have more impact on function 
that expected from each condition alone.
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A 2014 study showed that, among Medicare beneficiar-
ies with dementia, 38 percent had comorbid coronary 
artery disease, 37 percent had diabetes, 29 percent had 
chronic kidney disease, 28 percent had congestive heart 
failure, and 25 percent had chronic obstructive pulmonary 
disease.103

Conclusion

A friend of mine recently suffered a tragedy in his fam-
ily. His 74-year-old father was in good health and suffered 
knee pain from chronic arthritis. He was advised to have 
knee replacement surgery and elected to have both knees 
replaced at the same time, despite pleas from his family to 
do them one at a time. He wished to have the associated 
disability and pain over with as soon as possible and would 
not change his mind about having the knees replaced on 
one day. Three days after surgery he developed pneumonia 
and subsequently died. Major surgery is a severe stress to 
the balance of bodily functions. At the age of 74, his phys-
ical reserve factor was less than it had been when he was 
younger.

Had I been consulted, I would have objected to the idea 
of having both knees replaced at one time. It is valuable to 
remember that the physical reserve factor is lower in older 
persons. Often, we don’t have a choice about what forms 
of stress we are exposed to. When we do have a choice, we 
should be careful to respect our limitations. Also, through 
our lifestyle activities we should strive to enhance our 
physical reserve factor so that we can have the best pos-
sible response to both predicted and unpredicted stresses.

F O U N D A T I O N S160

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Why are so many of us constantly anxious, spending our 
lives, as Mark Twain said, “suffering from tragedies that 
 never occur”?

Randolph Nesse, American physician, and cofounder of the 
field of evolutionary medicine

Viktor Frankl, Austrian psychoanalyst, and author of the 
exceptionally important book Man’s Search for Meaning, 
once had a patient who was stressed out about work. A dip-
lomat, the patient struggled with a demanding boss. The 
diplomat’s previous analyst had tried to convince him that 
his unhappiness was tied to an underlying resentment of 
his father. After the death of the analyst, the patient came 
to see Frankl. After a few visits, Frankl determined that 
the patient’s difficulties were because his job  “frustrated 
his will to meaning.” Frankl advised the patient to leave 
the job, which he did. After he quit his job, his main 
 psychological problems were quickly resolved. Of course, 
the  story simplifies a complex process, but it does illus-
trate the reality that emotional states may result from life 
 situations in need of repair.

Depression may be a warning sign of mental or  physical 
illness, or, as in the case of Frankl’s patient, a sign of a 
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troubled working environment. Recognizing the presence 
of depression is key to dealing with it effectively.

Awareness of Depression

Depression is common in older people. People who are de-
pressed may have significant memory problems. The re-
current thought of sadness and regret seen in depression 
may interfere with the registration of new memories. It 
can develop as a response to life events and appear inde-
pendently of what is happening. People with a history of 
serious and recurrent depression may experience more 
depression with age. However, people who didn’t experi-
ence depression in their younger years may also develop 
depression without any history of previous sad emotions.

Is everyone with depression aware of its presence? How 
can persons and family members be aware of its appear-
ance? Many depressed older persons are aware of their 
depression, but some are not. It is common that a spouse 
or other loved one may be aware of a person’s depression 
while the person denies it. Depression may also be pres-
ent without the awareness of anyone in the family. This 
may be because someone has grown up in an environment 
in which feelings were not respected. This situation is es-
pecially common for persons who were young in times of 
poverty because their parents were overwhelmed trying to 
cope with the situation. It’s important to seek help at all 
ages because effective treatments are available.

Signs of depression include, of course, sadness and re-
curring thoughts of regret. Depression is also indicated 
by loss of appetite, loss of weight, difficulty with sleeping, 
loss of interest in activities, and loss of interest in sexual 
activities. These so-called vegetative signs of depression 
may also be caused by other conditions: loss of appetite 
and loss of weight can be signs of cancer, deficient thyroid 
hormones, or other systemic illness. The presence of these 
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signs may be of value nonetheless to suggest the consider-
ation of depression.

Depression and Other Illnesses

Depression may be associated with cerebral vascular  disease, 
such as small and large strokes and the loss of  integrity of 
the white matter of the brain. Changes in the microbiota 
have also been observed in persons with depression, and 
 interventions aimed at changing the gut bacteria may help. 
Transplantation of the gut bacteria from humans with de-
pression to animals has been found to induce  depression-like 
behaviors. It is also crucial to appreciate the physical  factors 
that can create or enhance depression, including poor 
sleep, deficiency of vitamins B12, B6  (pyridoxine), low thy-
roid function, and deficiency of folic acid.

Depression is a risk factor for dementia as well 
as heart disease and can be caused and wors-
ened by sleep disorders, as well as systemic 
illness.

Depression is a risk factor for dementia as well as heart 
disease and can be caused and worsened by sleep disor-
ders, as well as systemic illness. People with depression 
and anxiety also have an earlier onset of Alzheimer’s dis-
ease compared to those without such a history.

Depression and What We Do

The ability to manage our response to life events is a 
 fundamental part of our psychological reserve factor. 
 Depression can be caused or aggravated by a lack of social 
interactions and physical activity. It may be linked to life 
events and may also be completely independent of them.
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Several lifestyle behaviors may be associated with the 
development of depression. Many persons have replaced 
social interaction with television and social media. Exces-
sive television viewing can enhance depression because 
it does not allow for participation and floods the brain 
with more stimuli than can possibly be processed. This is 
done while the television is telling viewers there is a crisis 
and they must pay attention. One US cable news network 
features a program called “Breaking News.” Such a title 
implies that there is something of extraordinary impor-
tance. This certainly does happen, as it did on September 
11, 2001. But for most of the time we do not need to be 
overly attentive to world events, and we should not be 
monstrously worried all the time about everything. Also, 
a television advertisment may show a millisecond clip of a 
person being stabbed, followed by an explosion, followed 
by someone falling from an airplane. The brain is only ca-
pable of handling a certain amount of visual information 
each second. Often, the stimuli are delivered at a rate that 
can’t possibly be processed by the human brain. And there 
is no opportunity for interaction. This supersaturation 
of our sensory processes can lead to negative emotion-
al states. This is a special problem for older people who 
may have fewer opportunities to seek activities other than 
 television.

Social media can also induce negative emotional 
states. The content of Facebook and Instagram posts is 
often a constant and painful reminder of the happy lives 
of other people. An important message from other peo-
ple’s curated photos of themselves at family events, res-
taurants, and outdoor activities is that they are living 
a happy, perfect life. This just isn’t so. Very few people 
post photos of themselves lying around on the sofa doing 
nothing, visiting the dentist, or having a colonoscopy. 
Randolph Nesse, cited above, said:104 “The kinds of atten-
tion we get on social media is really very much like crack 
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cocaine. We have social obesity I call it – we can’t stop 
our  consumption of opportunities to display ourselves 
and get feedback from other people.” If social media sites 
like Facebook, Instagram, TikTok, and Snapchat irritate 
you, stop using them.

The relationship of depression to our activities has the 
nature of a “vicious cycle.” Inactivity leads to depression, 
fatigue, and apathy. And depression leads to inactivity 
and lack of energy. It is more accurate to consider these 
interactions as a “vicious spiral,” as the effects are cumu-
lative and get worse with time. Let’s consider how to turn 
these processes into a “virtuous cycle,” a repeating cycle of 
events, each increasing the beneficial effect of the other. 
If activity increases, depression may be relieved, leading to 
more activity that helps to resolve depression.

It can help if we first address the basic question of why 
we are capable of depression. Depression can also result 
from infection in the body anywhere, with the production 
of immune molecules that may enter the brain.105 If you 
have an illness like influenza and are confined to bed for 
several days, you may have noted the onset of depression 
caused, in part, by inactivity.

It is harder to be depressed when you’re active. Our 
 ancestors, who lived in very different environments to 
the ones we have today, needed to rest when sick or in-
jured. Through natural selection, a program of behaviors 
has developed to enhance the chance that we will rest if 
our health is challenged (called sickness behavior). About 
10,000 years ago, an ancestor of ours with an infection 
would be wise to not go hunting, but rather to rest. This 
evolutionary consideration is responsible, in part, for 
the feelings of depression, headache, and malaise that 
accompany fever in infectious illnesses. Interferon is a 
molecule produced in the body in response to viral disor-
ders. Headache is one of its common side effects, perhaps 
 because it may be an evolutionary guide to help us to rest. 
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So  depression may be an adaptive response to systemic 
illness, as it encourages inactivity, which may be a helpful 
response to the illness.

Mental Health and Aging

Depression can have a big influence on our multiple re-
serve factors. There is evidence that exposure to physical 
and emotional stress in early life, including post- traumatic 
stress disorder (PTSD), is a risk factor for cognitive 
 impairment, hypertension, and depression in later life. In 
a Swedish study of more than 61,000 people, those who 
had experienced PTSD showed a 31 percent increased risk 
of neurodegenerative disease and an 81 percent increased 
risk of vascular cognitive impairment.106

Mental health is especially important as we age. Hen-
ry Krystal, psychiatrist and Holocaust survivor, noted 
how the psychological work, conscious and unconscious, 
needed to deal with traumatic experiences can become 
fragmented in later life.28,107 “Old age, with its losses,” 
Krystal said, “imposes the inescapable necessity to face 
one’s past. This development determines that one either 
accepts oneself and one’s past or continues to reject it 
 angrily.”

In other words, the choice is, as the child psychiatrist 
Erik Erikson put it, of “integration or despair.”29 With ag-
ing, there is often a shift from thinking and planning to 
remembering, a change which can be difficult if the early 
life events were traumatic. People may have spent a life-
time fighting against recalling painful experiences in early 
life, and this process may become difficult with age.

Aspects of the psychological and social reserve factors 
related to depression include isolation, loneliness, pov-
erty, inactivity, apathy, malnutrition, sensory deficits, 
and poor access to healthcare. It has been observed in 
transgenic Alzheimer model mice that social isolation 
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 exacerbates memory deficits and increases deposits of the 
amyloid-beta protein in the brain. One study found the 
risk of Alzheimer’s disease to be double in persons with 
loneliness compared to those without. Feeling lonely may 
be accompanied by thoughts of emptiness or rejection and 
is a sign of social isolation.

The presence of larger social networks is protective of 
cognitive function in older people and enhances all the 
reserves. However, such networks are often impaired by 
aging. The beneficial effects of social interactions are not 
limited to the brain. They provide mental stimulation, 
which enhances cognitive reserve, as well as physical 
 activity, which improves physical reserve. Active partici-
pation in the life of the world is good for us at all stages 
of life.

Why Are We Capable of Sad Thoughts?

Depressed persons have impaired performance. Why has 
evolution permitted the generation of this negative emo-
tional state? The answer is suggested by the essay enti-
tled, “What good is feeling bad?” by physician Randolph 
Nesse, a founder of the field of evolutionary medicine.104 
He asserts that depression is not a citalopram-deficiency 
disease. That is, depression is not caused by a lack of anti-
depressant medication. Depression may have many causes 
and some of them can be remediated without drugs. We 
have evolved the capacity for experiencing depression be-
cause it may have adaptive value. Depression can be a sign 
that there is something wrong which needs to be remed-
ied (as suggested by the story of Victor Frankl’s patient at 
the beginning of the chapter).

We have evolved the capacity for experiencing 
depression because it may have adaptive value.
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The ability of health professionals to learn about 
 patients’ lives is a critical issue because physicians tend to 
be busy and may not always have the time, or interest, to 
learn about what may be causing a patient’s depression. 
It takes 60 seconds to prescribe an antidepressant and 60 
minutes or more to learn about the emotional life of a 
 person.

According to Nesse, “Rather than assuming that nega-
tive feelings are symptoms of a physical abnormality or a 
dysfunctional personality, family or society, the therapist 
can consider the possibility that some suffering is part 
of a vital mechanism shaped by natural selection to help 
people survive in the environment.”104 Our capacity to feel 
depression and anxiety has evolved because these feelings 
may help us endure, in a similar manner to the value of 
physical pain, which enhances our defenses against injury. 
Just as we use physical pain as a guide to behavior, we may 
need to use depression as a sign that corrective actions are 
needed.

What Can We Do about Depression?

Depression can be well treated with a wide variety of 
medications which can be highly effective, although older 
persons shouldn’t take antidepressants that impair cho-
linergic neurotransmission, such as nortriptyline or imi-
pramine. A wide range of major tranquilizers should also 
be avoided such as trifluoperazine, chlorpromazine, and 
others (see Chapter 23). There are modern antidepressants 
available which have fewer side effects and good effica-
cy. Counseling with psychiatrists, psychologists, or social 
workers may be very helpful.

While rest is important during illness, our lives should 
be filled with vigorous physical activity. The natural state 
of humans is to be physically active. A lack of physical 
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activity can precipitate and worsen depression. Physical 
exercise improves one’s emotional state. We are not by na-
ture made to be sedentary creatures.

Physical exercise in some form or other is within the 
capacity of most people and should be pursued as if life 
depended on it, because it does. Running, walking, swim-
ming, and other physical activities not only help avoid de-
pression, but also delay age-related cognitive impairment 
and improve performance in people with mild cognitive 
impairment.108 A lack of exercise is a known risk factor for 
early death as well as coronary heart disease, stroke, and 
diabetes.

I hope that the realization that aging is not inevitable 
is helpful in appreciating with gratitude the opportunity 
presented by aging. As remarked by William James (yes, 
him again), “The greatest weapon against stress is our abil-
ity to choose one thought over another.”

“The greatest weapon against stress is our abil-
ity to choose one thought over another.”

A favorite thought experiment of mine is to consider 
what the dead would say if they had the chance. How 
would they respond if told that we are upset because of the 
rain or because our favorite team lost a game? I imagine 
that they would have a stern admonishment for us and tell 
us to appreciate the immense value of life.
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Genetics loads the gun … environment pulls the trigger.
Dr. Francis Collins, Genetics researcher and Former Director 

of the US National Institutes of Health

A married couple, both university professors in their 
50s, were concerned about their prospects of developing 
Alzheimer’s disease as they aged. They didn’t have a nota-
ble family history of dementing illness and had no signs 
of cognitive illness. Without any professional guidance, 
they were tested for the presence or absence of the most 
important Alzheimer’s risk gene, apolipoprotein E (APOE). 
Their genes were tested and both were found to have one 
apolipoprotein E ε4 gene (allele). Their 28-year-old daugh-
ter was also intellectually curious and was tested and was 
found, unfortunately, to have two APOE ε4 alleles, mean-
ing that her risk of developing Alzheimer’s later in life is 
more than 10 times higher, compared to people without 
any ε4 alleles. Currently there is nothing she can do with 
this information (except worry). There is no specific inter-
vention designed to diminish the influence of the APOE 
ε4 allele on development of Alzheimer’s disease. Further-
more, it is estimated that about 40–50 percent of people 
who have two copies of the APOE ε4 allele at the age of 80 
do not have dementia. It is conceivable that she will worry 
about her high risk of developing Alzheimer’s disease for 
the next 52 years and then learn at the age of 80 that she 
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hasn’t gotten it after all. How will she explain this to cur-
rent or future partners?

I am concerned that many people will have themselves 
tested for the APOE ε4 gene because of new opportunities 
to obtain genetic testing, but won’t make use of genet-
ic counseling. The data concerning risk of this and other 
genes are complex, and undoubtedly many persons (as 
well as many physicians) do not appreciate this complex-
ity. When a medical intervention is developed based on 
knowing the APOE genotype, it will be clearly important 
for people to be tested. However, this is not the case at 
the moment. Persons considering having this testing done 
should discuss the situation with an informed physician 
and determine if the information obtained will enhance or 
diminish their quality of life.

There are things that can be done to lower the risk of de-
veloping dementia (reviewed in Chapters 5 and 12). These 
are things everyone can and should do. Everyone has a 
risk of getting dementing illness with age. Many people 
get Alzheimer’s disease even though they do not possess 
an APOE ε4 gene. In short, genetic tests aren’t needed to 
increase commitment to preventive measures.

What Is Our Genetic Makeup and How Does It 
Influence Our Lives?

Humans are born with 23 pairs of chromosomes and 
20,000–25,000 genes. Genes are sequences of nucleotides 
(the basic structural unit of nucleic acids) that code for 
the amino acid sequence of proteins. With the exception 
of our gonads (testicles and ovaries), all of our cells have 
the same DNA. It is important to know that the genetic 
information contained in the chromosomes does not dir-
ectly determine what happens to us. Rather, the genes pro-
vide information about what can be done. What actually 
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 happens is an interaction between the genes and the en-
vironment. That is, how we live influences the action of 
our genes.

How we live influences the action of our genes.

To put it another way, the context is supreme: Dr. Mina 
Bissel, Iranian American breast cancer researcher, said:109 
“The sequence of the genes are [sic] like the keys on the 
piano. It is the context that makes the music.” The cells 
in my hair follicles that make hair have the same genes as 
the cells in my pancreas that make insulin. The activity of 
the cell is determined by both the genes and the environ-
mental stimuli.

A good example of this is what happens when a bone 
is fractured, and a cast applied. After several weeks of en-
forced rest, the muscles on the arm, which have not been 
active, will become smaller (this process is called atrophy). 
When the cast is removed, and the muscles are able to 
work again, they will grow back to normal size. Without 
activity, muscle cells make few new proteins and atrophy 
develops (the genes for making protein are not being used, 
the genes are not being expressed). When the muscle is 
used again, genes for making the protein become active. 
In this case it is the environmental demand which deter-
mines which genes are active in the cell (or which notes 
are played on the piano).

The relationship of the work of genes to environmental 
demands is also illustrated by the detoxication of alcohol. 
Some people will begin to feel drowsy with just half a glass 
of wine. Others can consume one-half of a bottle or more 
and retain wakefulness. The difference, at least in part, is 
the production of proteins called microsomal oxidizing 
enzymes, which are made by the liver and detoxify alco-
hol, lowering the alcohol level in the blood. The more one 
drinks alcohol, the more that the genes for this  enzyme 
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are activated, and more of the enzyme is produced. If a 
person who has a limited capacity for staying awake after 
a small dose of alcohol was to gradually increase their in-
take, they could develop a greater level of expression of 
these enzymes, so that higher levels of alcohol could be 
drunk without drowsiness. (This is mentioned purely as a 
demonstration of the concept of gene expression being re-
lated to the environment. Don’t try this at home!)

Another example of the importance of gene–environ-
ment interactions is phenylketonuria (PKU), which was 
one of the commonest causes of inherited mental dis-
ability. It is caused by a genetic defect in the ability to 
 metabolize phenylalanine, an amino acid found in food. 
Subjects with PKU develop high levels of phenylalanine in 
the blood, which is toxic to the brain.

However, when the PKU diagnosis is established at 
birth, the diet can be adjusted so that toxic levels of the 
amino acid never appear, and the person has no neurolog-
ical damage. The gene cannot at present be repaired, but 
the result of the genetic defect can be bypassed through 
an environmental change. Similarly, some people have a 
family history of early cardiac death, which may be due 
to genetic abnormalities that lead to high levels of lipids 
in the blood (hyperlipidemia). With the management of 
lifestyle factors, including the control of hypertension, not 
smoking, avoidance of obesity, exercise, a low-fat diet, and 
lipid-lowering statin drugs, these persons may have a long 
and healthy lifespan, even though their defective genetic 
code can’t be repaired (at least at the moment).

Humans have become significantly taller in the twenty- 
first century than in prior centuries. There are strong 
genetic influences on height, but it is not possible that 
the genes for height have changed in the past 100 to 200 
years. We are taller today because of enhanced nutrition in 
childhood. As a result, more people are able to reach their 
genetic height. It has been found that height is inversely 
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correlated to the risk of dementia in Japan (short people 
are relatively more likely to develop dementia in later life 
than taller persons). This is most likely  because short peo-
ple are more likely to have been  nutritionally deprived in 
early life, which may have caused them to not reach their 
genetic height, and also develop less cognitive reserve be-
cause of nutritional deficiency.

Genes and Alzheimer’s Disease

There are well over 100 different genetic mutations that 
cause early-onset Alzheimer’s disease. These mutations 
are found on chromosome 1, 14, and 21 and usually cause 
dementia beginning before the age of 60 and sometimes 
as early as in the 40s. These mutations are autosomal dom-
inant, meaning that men and women are affected equal-
ly and only one copy of the affected gene is required. The 
mutations are highly penetrant, as people who have the 
mutation are very likely to get the disease if they live long 
enough. The molecular information revealed by these 
 mutations has been used to develop therapies to prevent 
and treat these diseases. However, these experimental 
treatments have not yet demonstrated success in disease 
modification. About 99 percent of persons with Alzheim-
er’s  disease do not have a mutation in any of these genes.

As noted at the beginning of this chapter, there is an-
other gene that is highly related to the risk of developing 
Alzheimer’s disease. APOE, which is found on chromo-
some 19, is codominant, which means it is expressed on 
both the maternal and paternal 19th chromosomes. There 
are three main forms (alleles) of this gene, referred to as 
ε2, ε3, or ε4.110 Therefore, six combinations are possible (ε2/
ε2, ε2/ε3, ε2/ε4, ε3/ε3, ε3/ε4, and ε4/ε4). People possessing 
one copy of the ε4 genotype of APOE have a risk of devel-
oping Alzheimer’s disease, which is increased about three 
times than for people having no ε4 allele (see Figure  6). 
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People who have two copies of the ε4 allele, which is un-
common, have about a 12-fold increased risk of developing 
the disease, compared to people without an APOE ε4 allele. 
People with the ε4 allele may also have an earlier onset 
of the disease than those without the allele. The period of 
increased risk associated with the APOE ε4 allele begins 
when they are in their 50s and the increase in risk is higher 
in women than in men. The additional risk of Alzheimer’s 
disease for those with the ε4 allele decreases after the age 
of 80. People with two copies of the ε4 allele (homozygotes) 
have a lifetime risk for Alzheimer’s disease of more than 
50 percent and for people with one copy of the ε4 allele the 
lifetime risk is 20–30 percent. People without any copy of 
ε4 have a lifetime risk of 11 percent for men and 14 per-
cent for women.111

But don’t despair. In one study, 13 out of 19 people aged 
85 years with the ε4/ε4 genotype did not have dementia. 
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Figure 6 Relative odds of Alzheimer’s disease according to APOE 

genotype and age in Caucasian subjects. The odds ratios are relative to 

the ε3/ε3 genotype. (Adapted from reference 110.)
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This is because the ε4 gene does not cause the disease, it 
increases the risk. Also, it is common that people with 
Alzheimer’s disease do not possess an ε4 allele (they do not 
have the risk factor gene).

Why does the APOE gene increase the risk of Alzheimer’s 
disease? We don’t know. Several theories have proposed a 
role for the APOE protein in binding the amyloid-beta pro-
tein and enhancing its removal from the brain. The APOE 
protein is also involved in the security of the blood–brain 
barrier. As the main role of the protein in the body is to 
bind lipids, it is likely that this gene’s effects on lipid me-
tabolism are involved in the increased risk of Alzheimer’s 
disease.

The APOE gene also has important influences on inflam-
mation. I have been studying the idea that the APOE geno-
type influences the risk of Alzheimer’s disease because of 
effects of the gene on the gut microbiota. We know that 
the APOE protein influences lipid binding, and thus may 
affect the production of mucus in the gut as well as bile 
acids by the liver. In 2015, I proposed that the gene’s influ-
ence on the Alzheimer’s risk may be because the ε4 form 
of the gene promotes the growth of unhealthful bacteria 
in the gut.57 Recent evidence from a European study sup-
ports this hypothesis.112 This is important because it sug-
gests ways the microbiota can be altered to reduce the risk 
of Alzheimer’s disease.

One unanswered question about the risk from APOE is 
why it has survived natural selection. Since the ε4 form 
of the gene is associated with bad outcomes (Alzheim-
er’s disease, stroke, poor recovery from head injury) you 
might expect that it would have been eliminated by evolu-
tion over millennia. In a 2013 paper, my colleagues and I 
showed that the ε4 form impairs the ability of the malaria 
parasite to replicate in the blood. This suggests that the 
ε4 allele may have survived the negative pressure of being 
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associated with disease in late life because it is has a more 
potent protective effect on survival in early life.

To review, the autosomal-dominant genes that cause 
Alzheimer’s disease are highly penetrant (nearly every-
one with the genes develop disease). APOE, on the other 
hand, is not a causative gene but rather one that increases 
the risk. It is hoped that one day we will understand why 
the APOE ε4 allele is associated with Alzheimer’s disease, 
and that a specific therapy can be designed to prevent, de-
lay, or modify the disease. When that happens, it will be 
clearly indicated for people to be tested to determine their 
APOE genotype. But, at the moment, information about 
APOE genotype does not assist us in guiding therapy.

Genes Do Not Work in Isolation

In the scientific community, we are often told that every-
thing is in the genes. In 1975, David Baltimore was award-
ed the Nobel Prize in Physiology or Medicine for research 
relating to tumor viruses. In the Siddhartha Mukherjee 
film on his book, the Gene, Baltimore says, “What we’ve dis-
covered is that everything in biology is genes. We think 
with genes. We have disease with genes, and so fighting 
disease by fighting genes makes sense.”

This narrow view is wrong. Genes don’t work alone, but 
are able to influence function through their interactions 
with the environment. It is desirable, of course, to be able to 
correct abnormal genes through biotechnology. We must 
not forget another avenue for therapy: we can alter gene–
environment interactions to preserve health and fitness.

We must not forget another avenue for therapy: 
we can alter gene–environment interactions to 
preserve health and fitness.
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It’s estimated that genetic factors are involved in 60–80 
percent of the risk of getting Alzheimer’s disease. As we 
have noted, people possessing two copies of the APOE 
ε4 genotype have a much higher risk of getting the dis-
ease than people without that form of the gene. However, 
many people have the disease-associated variant and don’t 
get the disease, and many people who develop Alzheimer’s 
disease do not have the APOE ε4 allele. The role of envi-
ronmental factors in Alzheimer’s is supported by a new 
study of 96 pairs of monozygotic (“identical”) twins who 
were 60 years of age or older and not cognitively impaired. 
The study found 14 twin pairs where one twin had molec-
ular signs of Alzheimer’s processes in the brain while the 
other didn’t, suggesting that environmental factors are 
important.113 This finding underscores the importance of 
 environmental factors, particularly our most important 
environmental exposure, the microbiota.

There are several genes other than APOE which con-
tribute to Alzheimer’s risk. The cumulative effect of these 
genes is relatively small, compared to the influence of 
APOE. Another Alzheimer’s-related gene is TREM2 (trig-
gering receptor expressed on myeloid cells 2), which 
 normally has an anti-inflammatory influence on the brain. 
There are rare variants of this gene that have a decreased 
function, which enhances the risk of Alzheimer’s disease. 
The relationship of this gene to the disease is further evi-
dence in support of the role of the immune system in the 
disease.

There are also autosomal-dominant genes that cause 
 Parkinson’s disease, which are responsible for about 10 per-
cent of cases. Autosomal-dominant genes are also responsi-
ble for many cases of frontal temporal lobar  degeneration 
(FTLD), especially when the onset age is  below 65 years. One 
form of FTLD can be caused by a  mutation in  chromosome 
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9, called C9ORF72, which can also cause amyotrophic lat-
eral sclerosis (ALS). This mutation can cause either FTLD or 
ALS, or both in the same person (see Case Study 8). It is not 
known why some people with this mutation develop ALS, 
others develop FTLD, and others develop both disorders. 
Knowledge of these mutations has aided the development 
of experimental therapies for these conditions, as well as 
others. The mutations may impair the immune system’s 
ability to interact with the microbiota.

Case Study 8

A 51-year-old patient of mine had cognitive decline for 
one year, with wandering, falls, and restriction of mo-
tion in both hands. He had trouble finding words, was 
laughing inappropriately, could not do simple calcu-
lations, and had reduced strength with loss of muscle 
mass. He needed help with bathing and could not take 
care of himself. When asked why he was in the hospital 
he said that his “computer didn’t work.” His father died 
of a brain tumor at the age of 42 and his father’s sis-
ter had early-onset dementia at the age of 50 with ALS 
and died when she was 62. Her son also had early-onset 
dementia with ALS and died at 51. The paternal grand-
father also had dementia.

An MRI scan of the brain showed diffuse atrophy 
(shrinkage) of the cortex, especially in the frontal lobes. 
A positron emission tomography (PET) scan showed an-
terior frontal and temporal loss of metabolism. Genetic 
testing showed a mutation in a gene on chromosome 9, 
called C9ORF72, which is caused by an abnormal num-
ber of repeats in a sequence of guanine (G) and cytosine 
(C) nucleotides [GGGGCC]. This sequence of six nucleo-
tides is normally repeated only a handful of times, but in 

Genetics Aren’t Everything 179

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

this mutation the sequence may be repeated  hundreds 
of times. This mutation was discovered in 2011 and is 
associated with autosomal-dominant inheritance and 
the early onset of either FTLD or ALS, or both.

This man clearly had both disorders. This case illus-
trates a disease that is surely caused by a mutation in 
a gene. Doctors have observed that the C9ORF72 gene 
is involved in the functioning of the immune system. 
Perhaps the mutated gene alters the relationship 
 between the immune system and the microbiota to 
cause  neurodegeneration. It is not known why the same 
gene can cause two different diseases in members of the 
same family. It is also not known why the extra number 
of copies of this particular sequence of six nucleotides 
is so hazardous.

Scientific inquires continue to investigate the mo-
lecular mechanisms involved in this genetic disorder 
so that treatments can be developed. Genetic cases are 
responsible for about 10 percent of all cases of ALS and 
FTLD.

Conclusions

The fact that many people who have one or two copies of 
ε4 do not get Alzheimer’s shows that there must be further 
interactions responsible for occurrence of disease. This 
interaction could be between the APOE gene and another 
gene, or between the APOE gene and environmental fac-
tors. And of course it can also be an interaction of several 
genes and several environmental factors. It is a mistake to 
believe that the development of Alzheimer’s disease in a 
person with one or two copies of ε4 is caused by the APOE 
alteration alone.

As we have seen, there are important genetic factors 
that are responsible for causing Alzheimer’s disease. Auto-
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somal-dominant mutations are responsible for only about 
1 percent of persons with the disease. For the other 99 
percent of cases there isn’t an early-onset causative mu-
tation and the disease is not caused by a gene. It is in this 
majority of cases where it may be possible to avoid “pull-
ing the trigger” and prevent impairment by managing our 
multiple reserve factors to enhance cognitive function and 
decrease the risk of age-related disease, as we’ll see in the 
coming chapters.
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PART II

APPLICATIONS: WHAT 
CAN WE DO ABOUT  
THE OPPORTUNITY  
OF AGING?
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In the 1990s, I spoke at an Alzheimer’s Association confer-
ence about my research on mental and physical activities 
and disease risk. At a press conference, I suggested that 
in order to lower the risk of Alzheimer’s disease, people 
should be physically and mentally active throughout life, 
avoid smoking and obesity, eat a diet high in plant foods 
and low in saturated fat, and properly manage diabetes 
and hypertension. I explained how these recommenda-
tions were based on the work of my group as well as many 
others from around the world.

When I concluded my remarks, an Alzheimer’s Associ-
ation official stood up, raised his arms out wide and said, 
“Wait, Dr. Friedland’s suggestions have not been verified 
in a placebo-controlled, double-blind randomized trial, 
and are premature.”

I was dumbfounded. I responded by saying my recom-
mendations were already known to be good for people 
anyway, and that currently available research already sug-
gested that they would be helpful. Also, people who follow 
them (eat healthily, exercise, etc.) have no risk of side ef-
fects. It’s true that some of the guidance recommendations 
listed in the following chapters have not been comprehen-
sively evaluated using double-blind, placebo-controlled, 
randomized trials. It will be terrific when these studies are 
completed, but we need to know what to do now. But not 
everyone agrees with me.

In a 2010 “State-of-the-Science Conference statement: 
preventing Alzheimer’s disease and cognitive decline,” 
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 researchers observed that diabetes, hyperlipidemia in 
midlife, and tobacco use were associated with an  increased 
risk of Alzheimer’s disease.114 Mediterranean diet, fol-
ic acid intake, low or moderate alcohol intake, cognitive 
activities, and physical activities were associated with de-
creased risk. However, because the “quality of evidence 
was low for all of these associations” they were unable to 
draw firm conclusions on the association of any modifia-
ble factors with the risk of Alzheimer’s disease.114,115

In 2017, the US National Academies of Science, Engi-
neering and Medicine led by Alan Leshner, CEO emeritus 
of the American Association for the Advancement of Sci-
ence, and Story Landis, Director Emeritus of the National 
Institute of Neurological Disease and Stroke, also argued 
that the data were too weak to issue specific guidelines to 
the general public concerning what people can do to lower 
the risk of Alzheimer’s disease.116

I strongly object to these conclusions. I met Shivani Nandi at a 
1999 meeting of Alzheimer Disease International in Johan-
nesburg, South Africa. We fell in love and married. Since 
we’re both devoted to helping people avoid Alzheimer’s 
disease, we collaborated on a paper published in 2013. Our 
satirical essay, “A modest proposal for a longitudinal study 
of dementia prevention (with apologies to Jonathan Swift, 
1729)” in the Journal of Alzheimer’s Disease focuses attention 
on the need for Alzheimer’s disease prevention efforts.34 
We proposed a plan for a 40-year study of 10,000 people 
randomly assigned to groups of low- or high-saturated 
fat in the diet, head injury, high or low levels of mental 
and physical activity or inactivity, as well as smoking or 
non-smoking. Such a study is clearly impossible to con-
duct. Our point is that since this ideal study can’t be accom-
plished, we must proceed with recommendations based 
on available evidence. It’s simply not acceptable to wait 
for further information before recommendations can be 
made. Our “modest proposal” illustrates that the absence 
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of definitive evidence should not restrict us from making 
reasonable recommendations based on the evidence that 
is already established. As the American astronomer and 
author Carl Sagan said, “The absence of evidence is not ev-
idence of absence.”

We know that hypertension and smoking are both risk 
factors for dementia. (We also know that they are risk 
factors for heart disease and stroke, as well as other con-
ditions.) Why was it not recommended by the eminent 
panels that government and institutional bodies encour-
age better management of hypertension and avoidance of 
smoking in order to lower the dementia risk? What is the 
possible danger of such a recommendation? It has been es-
timated that risk factor reductions (similar to the ones I 
am recommending to you) could diminish the prevalence 
of Alzheimer’s disease by 10 percent worldwide and 25 
percent in the United States. About half of all Alzheimer’s 
cases are thought to be potentially attributable to hyper-
tension and smoking.

A recent analysis of 153 randomized clinical trials 
suggests the following factors may increase the risk of 
Alzheimer’s disease:117

• low levels of education,
• low levels of cognitive activity (mental stimulation),
• low levels of physical exercise,
• low intake of vitamin C,
• high blood homocysteine levels,
• depression,
• stress,
• diabetes,
• head trauma,
• hypertension in midlife,
• obesity in midlife,
• significant weight loss in late life,
• smoking,
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• poor sleep,
• cerebrovascular disease,
• frailty, and
• atrial fibrillation.

Before we consider how to implement recommenda-
tions concerning these risk factors, we must consider care-
fully the context of aging. An important aspect of these 
risk/protective factor considerations is that  they involve 
several conditions, not only Alzheimer’s disease. Hyper-
tension, midlife physical inactivity, midlife obesity, and 
smoking are all risk factors for Alzheimer’s disease, but 
they are also risk factors for  cardiovascular disease and 
stroke. These conditions are linked to Alzheimer’s disease 
itself: persons with heart disease and cerebrovascular dis-
ease are at a greater risk of Alzheimer’s disease because 
heart disease and stroke reduce a person’s physical re-
serve capacity and make it more likely that dementia will 
appear in the early stages of degenerative disease. Heart 
disease and stroke accelerate the Alzheimer’s process in 
the brain. Red meat and low fiber intake are both risk fac-
tors for colon cancer. It is wise for me to offer these re-
commendations, and for you to heed them, because they 
are clearly beneficial to human health. Four factors are 
critical.

1. Risk and protective factors operate over a life-

time.  With Carol Brayne of the University of Cambridge, 
I addressed these issues in a paper titled, “What does the 
pediatrician need to know about Alzheimer’s disease?”118 
Early-life cognitive enrichment is associated with favora-
ble cognitive health in late life, demonstrating clearly that 
preventive measures should be started as early as possible.22 
One main reason why there are no placebo-controlled, ran-
domized trials to evaluate the influence of early-life factors 
is that they cannot be done; a clinical trial cannot be done 
over a 40-year period. Results of trials that show no benefit 
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over a three-year period do not mean that the intervention 
will not be effective if applied for a longer time.

The lifestyle factors reviewed in the following chap-
ters apply to all phases of the life cycle, including the 
very early years. In a remarkable series of experiments, 
Michael Meaney and colleagues in Montreal have shown 
that  maternal affection alters the packaging of genes in 
the hippocampus of baby rodents.I Animals who receive 
more  maternal affection have more receptors on neurons 
in the hippocampus that are important for memory and 
 learning.119 They showed that animals receiving more 
maternal affection had a faster resolution of the stress re-
sponse, improving survival of neurons and memory with 
aging. The beneficial effects of the mother’s interaction 
with the baby have been assumed to be created through 
influences on the stress response. It may also be a result 
of the impact of the maternal contact on the baby’s devel-
oping microbiota. There is a large literature showing that 
intimate contact between human mothers and babies is 
good for physical and psychological development.

The importance of children’s exposure to microbes has 
been emphasized in a recent book from microbiota experts 
Jack Gilbert and Rob Knight. In their book Dirt Is Good: The 
Advantage of Germs for Your Child’s Developing Immune System, 
they note that children who grow up with a dog have more 
competent immune systems than children who do not.120

2. Alzheimer’s disease takes several decades to devel-

op and happens late in life. So our goal is not only to 

prevent it from developing, but also to delay its  onset. 
It is estimated that if the onset age of Alzheimer’s disease 
can be delayed by five years the prevalence will be cut in 

I This mechanism of gene alteration involves epigenetics, 

heritable changes in gene expression that do not involve 

changes to the DNA sequence.
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half. By increasing the fitness of body systems which in-
teract with the brain, as well as enhancing the fitness of 
the brain itself, we have the opportunity to alter disease 
processes over the course of a lifetime to delay the onset 
of dementia.121

3. Environmental factors matter. Recent studies have 
shown that the incidence and prevalence of Alzheimer’s 
disease has dropped by about 20 percent in the past two 
decades (corrected for the fact that there are more older 
persons), according to studies in Europe, Asia, and the 
United States. A study of 1,599 older people found de-
creased markers of Alzheimer’s pathology in the brain 
over a 30-year period.122 This is almost certainly because 
of environmental factors: better education, medical care, 
living conditions, nutrition, control of hypertension and 
heart disease, and less smoking.123 According to the US 
Census Bureau, among people aged 65 and older in 1965, 
only 5 percent had completed a bachelor’s degree or more 
and, by 2018, this share had risen to 29 percent.124 The 
 observation that the risk of Alzheimer’s disease is falling 
is strong support for the concept that preventive factors 
are  important.

4. Age does not need to limit our options. Special 
problems may be encountered when encouraging older 
people to take preventive measures, as many older peo-
ple and family members have rigid biases against the idea 
that they’re capable of learning and of being physically ac-
tive. A common view is that education applies only to the 
young. Many people also feel that if they are unable to run, 
they are unable to exercise. Furthermore, older persons of-
ten have less money than younger ones and have sensory 
deficits (visual, auditory, and vestibular), which impairs 
their opportunity to participate. They commonly have less 
access to transportation than the young. It is important 
to take these factors into account when planning lifestyle 
changes. Older persons can still exercise even if they can’t 
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run. And alternate means of transportation may be needed 
for persons who can no longer drive.

Chapters 13 to 25 below provide a comprehensive dis-
cussion of lifestyle factors that may be considered in order 
to lower the risk of developing neurodegenerative disease, 
improve the body’s resilience so that function can be main-
tained despite the development of disease, and enhance 
the capacity of the four reserve factors: cognitive, physic-
al, psychological, and social. Enhancing these four reserve 
factors will enable you to augment your enjoyment of the 
opportunity that aging presents.

Enhancing these four reserve factors will en-
able you to augment your enjoyment of the 
 opportunity that aging presents.

Changes in lifestyle behaviors, medications, and sup-
plements should be discussed with a physician. I am not 
 specific concerning the amount of exercise, dose of supple-
ments, or targets for dietary consumption, because these 
figures will be highly variable from person to person and 
should be considered upon consultation with a physician.

Overview 191

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

We don’t stop playing because we grow old. We grow old 
because we stop playing.
George Bernard Shaw (1856–1950), Irish playwright and critic

When I was 30 years old, a 72-year-old cousin of mine had 
a heart attack. He was significantly overweight and did 
not exercise. Following the event, he embarked on a die-
tary and exercise program. I was glad that he was showing 
an appropriate response to his illness, but I thought how 
much better it would have been if he had started paying 
 attention to his weight and lack of exercise 40 years earli-
er. This led me to consider my own dearth of physical ac-
tivity. I played softball with a group of colleagues from the 
 Lawrence Berkeley Laboratory. Our team was called the  
“Heavy Ions.” The name for an opponent’s team was 
the  “Nads,” because of the word that would result if 
their fans encouraged them to “Go … !” I felt that be-
ing on the softball team had a negative influence on my 
physical fitness, because I played right field and the ball 
was rarely hit in that direction. Also, after every game 
we went out drinking, and my beer consumption was 
considerable.

Shortly after my cousin’s heart attack, I quit softball and 
began playing tennis. Although I’d previously played ten-
nis, I did it sparingly and had only had seven lessons. I had 
no idea how to serve. I joined a tennis club, bought a new 
racket, and rationalized the expenses by asserting that the 
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annual cost of my tennis hobby may be less than one or 
two ski trips, not counting the cost of knee surgeries from 
skiing accidents. My cousin died shortly thereafter. Over 
the past 40-plus years, I’ve continued to play tennis a few 
times a week throughout the year. Although I’m still strug-
gling to serve and hit a backhand, I really love to play –  
it has helped me both physically and mentally. Tennis 
provides me with a form of intense mental concentra-
tion, which is valuable in relieving stress and enhancing 
my ability to focus attention.

We are not prepared by our genes for a seden-
tary lifestyle.

We are not prepared by our genes for a sedentary life-
style. Studies have shown that higher levels of physical 
activity throughout life have beneficial effects on the de-
velopment of Alzheimer’s disease, as well as stroke, car-
diovascular disease, and depression (in both humans and 
animals). Surprisingly, physical activity increases the pro-
duction of new neurons in the brain that activates learning.

In addition, physical activity enhances the production 
of growth factors in the brain and in the liver, which can 
facilitate communication among neurons and the main-
tenance of mental function. These growth factors enhance 
the production and function of new neurons and aid the 
reliability of the brain’s blood vessels. Exercise also en-
hances the immune system, producing more protective 
cells and antibodies, and assists with skeletal, endocrine, 
and cardiac health. The function of blood vessels in the 
heart, brain, and everywhere in the body is enhanced with 
exercise. Physical activity may also alleviate the effects of 
depression.

It is critical to recognize that most people are capable 
of some level of physical exercise: people who cannot run 
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should walk, people who cannot walk comfortably should 
consider aquatherapy, where they can walk comfortably 
in a pool. Swimming is also terrific exercise. Our research 
has shown that people who become less physically and 
mentally active in the years from midlife to later life have 
a higher risk of developing Alzheimer’s disease, compared 
to those whose participation stayed the same or became 
more active.17

Exercise has positive effects on all organ systems 
in the body.

Exercise has positive effects on all organ systems in 
the body. Moderate to vigorous exercise improves mental 
processing speed, memory and executive function, and 
sleep, and it may reduce or prevent depression. This is 
also true for both older and younger persons and persons 
with dementia. A Mayo Clinic study of over 2,000 people 
found that even light-intensity midlife physical activity 
decreased the decline in memory function with age.125 Per-
sons who are physically active for more than 150 minutes 
a week have a 33 percent lower risk of all-cause mortality 
than those who are sedentary. The beneficial effects of ex-
ercise of the brain are most marked in the hippocampus 
and prefrontal cortex, regions closely involved in cogni-
tive function. Higher levels of physical activity have also 
been associated with increased cortical thickness. A study 
of over 16,000 Europeans and research from Australia 
found that regular exercise may improve brain function 
and diminish   dementia risk.7

Critically, physical activity must not be dependent upon 
the weather. Many people go for a walk on beautiful days, 
but if it’s raining or cold, they stay home. If it’s raining, the 
need for physical activity doesn’t disappear! Use home exercise 
equipment, join a gym, or go to a mall or other locations 
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for a walk. Owning an exercise bike doesn’t count as exer-
cise if it isn’t used.

Diversity is also an important goal for physical activity. 
Aerobic exercise is valuable for the heart, lungs, and the 
circulation. Strength training increases muscle mass and 
fortifies bones and joints. Stretching may also be helpful. 
All of these forms of exercise have beneficial effects on the 
brain. The deep breathing associated with exercise is bene-
ficial for the lungs and heart.

The United States Department of Health and Human 
Services reports that less than 5 percent of adults in the 
United States engage in 30  minutes of physical activity 
each day, with only one in three adults attaining the sug-
gested levels. Aerobic activities of 20–60  minutes, three 
to five times a week, and strength training, two to three 
times a week, are recommended.

Evidence shows that a lack of exposure to 
 nature is an important factor in poor health 
and depression.

It’s important to exercise in nature. Evidence shows 
that  a lack of exposure to nature is an important factor 
in poor health and depression. Entomologist Edward 
Wilson of Harvard University has described the impact 
of our   evolutionary history on our need for natural envi-
ronments in his book Biophilia (biophilia means “love of 
life”).126 For most of the past 100,000 years of human his-
tory, our ancestors lived in close contact with the environ-
ment, and the ability to pay attention to the natural world 
was critical to their survival. Because of this, our brains 
have evolved the capacity for an appreciation and aware-
ness of nature that is an essential feature of ourselves. 
Only in the last 100 years have many urbanites lived with 
limited  contact with nature. Evidence for the importance 
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of interaction with the biological world is substantial. For 
example, outdoor activities have been found to be more ef-
fective than antipsychotics for managing physical aggres-
sion in dementia.108 It’s also been reported that exposure 
to green vegetation can offset the negative effects of air 
pollution on the body’s circulation.

It is good to be physically active throughout life. Walk 
instead of using elevators or escalators. When shopping, 
park farther away from the store to increase activity. Get 
exercise bands to use for stretching and strengthening 
while you watch movies at home. Understand that money 
spent on exercise is well spent. Better to spend money on a 
gym than on the hospitalization you may avoid by exercis-
ing. Watch out for talking yourself out of doing exercise: 
“I’ll do it tomorrow”; “I’m tired”; “I did it yesterday”; “It’s 
too cold”; “It’s too hot”; “I can’t do it right”; “I can’t do it 
like I used to.”

Many people do not exercise because of pain. It is cer-
tainly advisable to not do things that hurt. But it is best for 
you to find out what you can do without pain. Fifteen years 
ago, I had surgery on my left ankle and could not run, walk 
fast, play tennis, or use a treadmill. But I could use an exer-
cise bike, which allowed me to continue exercising.

As we have discussed, exercise is important at every 
stage of life. Children need physical activity for proper 
growth of bones, joints, and muscles. Consider what chil-
dren will do with the lifetime habits they develop in their 
early years. Few people play American football after the 
age of 20, and basketball is also largely a game for young 
people. I had to stop playing basketball at the age of 30 be-
cause of the multiple ankle injuries I sustained. Similarly, 
soccer, referred to as football in Europe, is challenging for 
people to play in midlife. It is therefore important for chil-
dren to participate in a wide range of sports –  including 
some that do not have a high rate of injuries – so they can 
continue playing those sports as they age. Tennis, golf, 
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badminton, running, dance, martial arts, and swimming 
are certainly wonderful activities for children to learn to 
appreciate in their early years.

Why not try an experiment? For one month, engage in 
vigorous physical exercise every day (the duration and in-
tensity of the exercise depends on many things, and you 
may choose to review with your doctor, of course). After 
this period, see if you feel better or worse. You may sur-
prise yourself!

There are two chief rules of physical exercise that must 
be followed: (1) start; and (2) continue.

Physical exercise enhances all the four reserve 
factors.

Physical exercise enhances all the four reserve factors. 
It is good for the brain, all parts of the body, our mental 
attitude, and our social contacts.
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The word systemic means pertaining to an entire organ-
ism. A critical component of the theory of the multiple 
reserve factors is that the health of the body is good for 
the health of the brain. The brain is dependent on all 
 other body parts for the maintenance of its functions. This 
 dependence of the brain upon other bodily functions is 
 especially prominent in older persons, because of their 
lower reserve capacity. Research trials have shown that 
intensive blood pressure control (less than 120/80 mmHg) 
is more effective than standard blood pressure control 
(less than 140/90  mmHg) in reducing the risk of cogni-
tive impairment.61 It is certainly true that “what is good 
for the heart is good for the brain.” It is also valuable to 
have the best possible heart, lung, kidney, liver, and endo-
crine function. Diabetes increases the risk of Alzheimer’s 
disease as well as small and large strokes. It is related to 
diet, physical exercise, and obesity. A high-fiber diet can 
improve insulin responsiveness and diminish the severity 
of diabetes mellitus type 2. Many of the recommendations 
in this book are good for the health of the systemic health 
as well as directly beneficial to the nervous system. The 
word systemic means pertaining to an entire organism.

The brain is dependent on all other body parts 
for the maintenance of its functions.

Excess weight should be avoided. Obesity is a good 
 example of the interactions amongst the four reserves. It 
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is obvious that obesity can interfere with physical  activity 
such as running. But the  influence of obesity on neuro-
degeneration, stroke, heart disease, and other conditions 
is more opaque. Obesity may reduce insulin responsive-
ness, cause diabetes, affect kidney and cardiac function, 
decrease the effectiveness of the immune system,  damage 
gut bacteria, accelerate vascular disease, increase the 
risk of colon cancer, and contribute to the development 
of strokes. Obesity has been linked to the presence of gut 
bacteria that are more efficient in “harvesting” nutrition 
from the diet. A high-fiber diet may help avoid obesity (see 
Chapter 20).

To maintain good physical reserve, it is important to do 
what you can to avoid toxic exposures, at home and at work 
(discussed in Chapter 25). Be aware of the fact that toxic 
factors can impair your reserve capacity without making 
you sick. That is, your fitness may be reduced without any 
symptoms or signs. As I have shown, in order to be able to 
enjoy the opportunity of aging, we need to have the best 
possible reserve capacity so that we can  respond well to 
challenges that develop.

Good systemic health means good physical reserve. 
Good physical reserve helps to maintain healthy brain 
function throughout life.
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As noted in an earlier chapter, a series of 1980s research 
studies showed a strong relationship between the preva-
lence and incidence of Alzheimer’s disease and years spent 
in education.127 According to the studies, people with 
more years of education had a lower risk of developing the 
 disease.

Television and Aging

Americans love television, certainly too much. In 2015, US 
viewers watched about three hours per day, more than peo-
ple in any other country. Television viewing is a uniquely 
passive experience. Not only does it not allow participa-
tion, but it also actively discourages participation. While it 
is  possible to be involved in learning while watching tele-
vision, educational programs are not the most widespread 
viewing activity. Most television programs don’t require 
much intellectual activity. Think about what  happens 
when you are reading a book: the pages do not turn if you 
fall asleep. To read a book you must participate. And if 
you have a question about what’s happening in the book, 
you can go back and read a previous page. This is gener-
ally impossible while watching television. Evidence shows 
that sedentary activities such as television viewing increase 
the risk of heart disease, cancer, and death, with dose- 
dependent associations – on the other hand, studies report 
that reading can reduce your risk of cognitive decline in 
later life, no matter how much education you’ve had.
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A Korean study of 9,644 people found that television 
viewing was a significant risk factor of cognitive dysfunc-
tion, along with a lack of participation in physical activ-
ities.128 It is likely that television viewing is a marker for 
a mentally inactive state. Longer television viewing times 
have also been significantly associated with the risk of car-
diovascular disease.129,130 A sedentary lifestyle is also asso-
ciated with frailty, and it has been shown that reading and 
physical exercise may prevent frailty in older persons with 
mild cognitive impairment.131

Learning Is the Work of the Brain

A life filled with learning is certainly advisable. Tasks 
 involving some degree of cognitive complexity is desira-
ble, but there is no reason to believe that certain forms of 
learning are better than others. What is critical here is that 
the activity needs to be consistent and persistent. Involve-
ment of cognitive activity at work is important and jobs 
that involve high stress, passive participation, and lack of 
complexity are associated with higher levels of cognitive 
impairment in later life.

People are able to learn at all ages and par-
ticipation in learning is valuable for the brain 
throughout life.

There is also absolutely no reason to believe that mental 
activities must be limited to the early years of life. People 
are able to learn at all ages and participation in learning is 
valuable for the brain throughout life. I have often been 
asked what form of mental activity is best for the brain. 
While there is no definitive evidence to inform the best 
 answer to this question, it is clear that activities that 
 involve learning are best.
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Because of my interest in enhancing opportunities 
for cognitively stimulating activities, I helped create the 
Checkmating Dementia Foundation, to encourage people 
to play chess. Playing chess involves anticipating  future sit-
uations and analyzing possible outcomes. It also involves 
interactions with at least one other person, is inexpen-
sive, and can be played on the internet. The development 
of the foundation has been slow, perhaps because many 
people have never learned how to play. I learned to play 
as a child but have never developed an understanding of 
chess  strategy. I taught my son to play chess as a boy and 
remember the days when I could beat him. That was when 
he was about 11. But soon after that he said he didn’t like 
playing me anymore because he beat me too easily. (Who 
can blame him?) At the Checkmating Dementia Founda-
tion, we’re hoping to encourage people of all ages to play 
cognitively enhancing games.

Musical activities are valuable. Musical performance has 
important physical components. Listening to music often 
involves social interactions and provides relief from stress. 
Occupational activities are also important. Our research 
showed that people with Alzheimer’s disease were more 
likely than healthy controls to have had jobs that were 
not mentally stimulating.132 Working at a job that requires 
high levels of mental activity may be protective against 
 dementia in late life. Many other factors are at play here as 
well, as all these risk factors are more prevalent in people 
who have low levels of mental stimulation at work: toxic 
exposures, stress, poverty, poor access to healthcare, less 
education, and work injuries.

The concept of diversity refers as well to learning and 
mental activities. It is good to learn new things! Participa-
tion in cognitive activities throughout the lifespan, both 
at home and at work, can help build our cognitive reserve 
capacity. Furthermore, cognitive activities directly impair 
the disease process itself. Being cognitively active helps to 
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protect the brain from free radicals and toxins. Cognitive 
activities also assist in the management of stress.

Choosing activities that involve learning should be fun. If 
you don’t enjoy the activity, you will not do it. Don’t  allow 
yourself to be intimidated by the task at hand. What is 
 important is the involvement of your brain and your enjoy-
ment and appreciation of learning. Recognize the impor-
tance of small goals. For example, if you decide to take up 
watercolor painting, don’t expect to be exhibited at a local 
museum. At least not until you have more experience!

Attention, Forgetting, and Distraction

William James wrote the following in his book Principles of 
Psychology (first published in 1890) (the emphasis is mine):

Millions of items of the outward order are present to my sens-
es which never properly enter into my experience. Why? Be-
cause they have no interest for me. My experience is what 
I agree to attend to. Only those items which I notice shape 
my mind-without selective interest, experience is an utter cha-
os. Interest alone gives accent and emphasis, light and shade, 
background and foreground-intelligible perspective, in a word. 
It varies in every creature, but without it, the consciousness of 
every creature would be a gray chaotic indiscriminativeness, im-
possible for us even to conceive.

William James’ words illustrate the vital distinction be-
tween experience (what happens to you) and attention 
(what you do with what happens to you).

The three components of memory – encoding, storage, 
and retrieval – are all necessary for a memory of an event to 
take place. Memory can fail when attention does not allow 
proper processing. If the memory is not properly stored 
there may be failure to recall. Retrieval may fail following 
the proper encoding and storage of a memory if it cannot 
be found. Frequently, retrieval fails in older persons when 
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words which are well known cannot be located. This situ-
ation, often called “tip-of-the-tongue phenomenon,” is, by 
definition, a sign of poor retrieval, but it can also be be-
cause of poor encoding or poor storage. A key strategy to 
improve memory is to devote more attention to an event 
which will assist in embedding the event in your memory. 
Proper analysis of the event makes storage more salient. 
Retrieval is better when encoding and storage have been 
well completed.

A key strategy to improve memory is to devote 
more attention to an event which will assist in 
embedding the event in your memory.

The focusing of attention can have a profound effect 
on memory. Older people have a reduced capacity for do-
ing two things at once. Despite the enormous complexity 
of the brain, even at young ages we cannot do two cog-
nitive tasks at the same time as effectively as we could 
 accomplish them independently. Hearing in older persons 
is more sensitive to interference  produced by ambient 
noise. It is  advisable to find comfortably quiet surround-
ings  whenever possible. Many restaurants and other social 
gathering places play loud music and have poor acoustics 
design, making it difficult for older people to hear con-
versations and to pay appropriate attention – making it 
all the easier to forget what’s been said at all. It might be 
 necessary to avoid these places.

One excellent way to improve memory is 
through stories.

Humans have evolved a tremendous capacity to appre-
ciate and process stories. One excellent way to improve 
memory is through stories. For most of human history, 
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stories were the main method by which information was 
transferred. Only in the twentieth century did a large pro-
portion of persons became literate – before this, stories 
were memories passed down from generation to gener-
ation, verbally. Keeping history alive meant it was vital for 
humans to remember tales told, in order to pass them on. 
Our brains evolved in an environment where stories were 
treasured and the attention to stories was  often the dif-
ference between life and death. Paying attention to what 
happens to you helps to make stories of what happens, 
which enhances memory.

Despite big changes in society and technology, we still 
have the same neurological capacities as our ancestors and 
still have a profound innate appreciation for stories. Our 
memory is enhanced whenever we can encode our mem-
ories as stories. When you learn, work on putting your 
new information in context. If you are watching a video 
on Queen Mary I of England (also known as Bloody Mary), 
take the time to read about her and her father, Henry VIII. 
If you enjoy walking in a local park, read about its  history. 
When you meet new people, learn about them  (discover 
what their story is). This requires both attention and 
 understanding.
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If you believe that feeling bad or worrying long enough will change 
a past or future event, then you are residing on another planet 
with a different reality system.

William James (1842–1910), American philosopher  
and psychologist

Management of Our Psychological Reserve 
Factor

It is necessary to maintain healthy and productive  responses 
to the stresses and declines associated with aging. A key 
 factor is the choice of attitude. Is the glass half empty or is 
it half full? Or do we have the wrong glass? It is critical for 
people to see opportunities for growth in aging – they are 
there to be had.

It is critical for people to see opportunities for 
growth in aging – they are there to be had.

As we discussed in Chapter 3, aging is accompanied 
by declines in the speed of learning, working memory, 
and memory capacity. These changes are found in near-
ly everyone. Many measures can be considered to help 
deal with this matter. The first approach is to realize that 
these declines are not caused by disease and are near-
ly universal. An older person may take longer to absorb 
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the  complex plots in a nineteenth-century Russian novel, 
but reading such a work is not a time-based competition 
and is to be encouraged. For the most part, small changes 
in cognition do not significantly impact occupational or 
 social  activities.

There are some limits, of course. It’s certainly not wise 
for an 80-year-old person to take up air traffic control as a 
new endeavor. The multitasking involved and the need for 
instant life-and-death decisions suggest it would be better 
left for younger persons. But an 80-year-old person may in-
deed learn a new language, begin piano lessons, explore 
the waterfalls of Croatia (in person or online), study the 
genealogy of their family, or countless other beneficial 
 undertakings.

It’s important to recognize that the cognitive and mem-
ory capacities of older people aren’t as good as those of 
the young. So, devoting memory resources to what is 
 important, and ignoring things that are not important, 
is an excellent strategy. Keeping lists can help lessen the 
need to remember things to do.

Memory strategies may also help considerably. Instead 
of flinging your keys down anywhere when you get home, 
leave them in the same place every time – it will be easier 
to remember where they are when you need them. If you 
are aware in the evening that you will need an umbrella 
the following day, consider putting the umbrella on the 
door so when you leave the next day you will be certain 
to notice it. Forgetfulness is often linked to inattention, 
as noted by Ralph Waldo Emerson, American essayist 
and philosopher, who said, “It is found that we remem-
ber best when the head is clear, when we are thoroughly 
awake.”

I recommend a book by Andrew E. Budson and  Maureen 
K. O’Connor on this topic, Seven Steps to Managing Your 
Memory: What’s Normal, What’s Not, and What to Do About It, 
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which contains valuable advice about ways to help your 
memory.133

A goal for healthy living is acceptance of life 
events and the appreciation of each new day.

A goal for healthy living is acceptance of life events and 
the appreciation of each new day. If anger, resentment, 
regret, and disappointment is carried over from month 
to month and year to year, the negative influence on the 
quality of life with aging can be substantial. As Gautama 
Buddha said, “Holding on to anger is like grasping a hot 
coal with the intent of throwing it at someone else; you are 
the one who gets burned.”

Healthy aging involves the understanding that there 
are things that can’t be changed and must be accepted. 
This does not mean that these stressful life events must be 
forgotten. Hopefully, they can be remembered with pro-
gressively less pain. The best way to avoid negative emo-
tions caused by events and experiences in the past is to 
be actively involved in the present moment and planning 
for the future. Meditation is a valuable method to practice 
letting go and enhancing your awareness of the opportun-
ities that are available now.134

The best way to avoid negative emotions caused 
by events and experiences in the past is to be 
actively involved in the present moment and 
planning for the future.

Aging also presents an opportunity to demonstrate 
self-compassion. As Buddhist teacher Cheri Huber said, 
“Joy is compassion turned inward.” Frequently, persons 
express compassion to others throughout their lives with 
loving devotion and selfless actions, without realizing that 
that are worthy of compassion themselves.
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The Search for Meaning

William James speculated that: “The deepest principle of 
human nature is the craving to be appreciated.”135 It is wise 
to define for yourself what is it that gives your life mean-
ing. The psychiatrist Viktor Frankl demonstrated that the 
search for meaning was a key factor in human activities. 
“Those who have a ‘why’ to live can bear with almost any 
how,” he said.

It is wise to define for yourself what is it that 
gives your life meaning.

Meaning is often lost as friends and family members 
die, jobs disappear, and activity is impaired by illness, 
 disability, and lack of money. It is critical that we hold on 
to our uniqueness, and pursue meaning through work, 
hobbies, relationships, and activities. There are no right or 
wrong answers in the search for meaning, it is something 
that everyone must do for themselves. Viktor Frankl’s 
book, Man’s Search for Meaning, is an excellent place to start.I

At a music camp many years ago, I met an 82-year-old 
woman who was playing the viola da gamba, an instru-
ment that was popular several hundred years ago, which 
is similar to the cello. The woman had been studying the 
viola de gamba for only a few years and was already play-
ing in an orchestra. Because of my interest in cognitively 
stimulating activities, I asked if I could photograph her.

“Of course,” she said, “Please take my picture and send 
it to me, I want it to show it to my grandchildren. I want 
them to see that I’m playing in a real orchestra.”

At the end of the rehearsal, she put her instrument in 
a specially built backpack so she could rush to her next 

I Man’s Search for Meaning was listed as “one of the ten most 

influential books in the US” by the Library of Congress in 1979.

Psychological Measures 209

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

class. Playing a musical instrument in an orchestra was 
something she had always wanted to do. She was able to 
accomplish this in her 70s and 80s, giving her great pride. 
Not only was learning a musical instrument a cognitive 
accomplishment, it also enhanced her self-confidence and 
self-worth, introduced her to other people, and provided 
physical activity.

It is wise not to wait until retirement to decide where 
to find meaning. At all stages of life, we should explore 
what are our unique interests and abilities and pursue 
them. It’s common for people not to follow their interests 
in childhood because of financial matters or lack of fam-
ily support. Middle and later ages provide an opportunity 
to renew previous interests. I have had patients with mild 
age-related changes who had played the piano earlier in 
life, and now rarely played. I gave them a signed order on 
my prescription pad, “Play the piano!”

Rabindranath Tagore wrote, “I slept and dreamt that life 
was joy. I awoke and saw that life was service. I acted and 
behold, service was joy.” This statement by the Nobel Prize- 
winning Bengali poet confirms the view advanced by this 
book that meaning is a key to happiness and contentment.

Meditation

Some time every day devoted to silence and 
meditation may be of enormous value.

Meditation can be of great value in dealing with stress, anx-
iety, and depression. A recent study from Norway showed 
that mindfulness practice helps counter negative views 
of oneself and enhances self-reassurance.136 Many people 
have busy lives and are rarely exposed to silence. Clearly, 
the brain needs time to adapt to changing situations and 
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to regulate itself. Some time every day devoted to silence 
and meditation may be of enormous value. Silence is not 
required for mediation and in can be practiced while walk-
ing, gardening, or during many other activities. Negative 
thoughts may not be eliminated, but meditation can help 
obtain distance from the thoughts. There are many var-
ieties of meditation including those from the traditions of 
Buddhism (mindfulness and Zen), Hinduism, Islam, Chris-
tianity, and Judaism. The Buddhist technique involves sit-
ting comfortably in silence with the mind observing the 
body and the thoughts that arise. The task is not to stop 
thinking but rather to observe your own consciousness. It 
is best to find a comfortable sitting position with as little 
movement or muscle tension as possible. Hopefully, the 
only part of you that is moving is your breathing. When 
you stop moving, the body’s sensations become quiet be-
cause of habituation. That is, when you put on your socks 
you can feel the socks going on your feet. But once they 
are on and the sensation is not changing, you can no long-
er feel them. As you remain still in meditation, the only 
thing you notice is what is moving – your breath and your 
mind. At the very least, such a practice is a rehearsal of 
“letting go.” Meditative practice is best when performed 
daily. Meditation also lowers blood pressure and heart rate 
and improves the response to stress. There are many books 
that can assist people in learning meditation.134

Many people find activities such as fishing, walking in 
the woods, bird watching, swimming, and many others to 
be relaxing. I encourage you to find places that help to set-
tle the mind. To quote William James once again, “Most 
people live in a very restricted circle of their potential 
 being. They make use of a very small portion of their possi-
ble consciousness, and of their soul’s resources in general, 
much like a man who, out of his whole organism should 
get into a habit of using and moving only his little finger.” 

Psychological Measures 211

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Denial

No one wants to be sick. But denying illness can be danger-
ous. During a check-up, I asked one of my elderly patients, 
a woman with severe dementia with disorientation, what 
year it was. “Nineteen forty-two,” she answered.

No one wants to be sick. But denying illness can 
be dangerous.

Her adult daughter laughed. “Oh, she doesn’t pay at-
tention to current events,” she said, implying that such a 
great error was not significant. It is important to recognize 
the cognitive bias we all have which may stop us appreci-
ating the potential significance of a problem. That is, we 
don’t want to be sick and may not recognize evidence of 
impairment in ourselves or others. This situation can ex-
tend from the patient having the difficulty to the family 
and community. An extreme example of widespread deni-
al happened during President Ronald Reagan’s first term in 
office. The president was displaying cognitive troubles. His 
deficits were obvious, yet his condition was not properly 
recognized by Reagan’s associates, his doctors, or the gen-
eral public. His Alzheimer’s disease diagnosis wasn’t made 
public until 1994, a full five years after he left office.

People with brain disease can have deficits that they 
might not be aware of and they may explicitly deny their 
presence. A person with memory loss from Alzheimer’s 
disease might deny that there is any memory problem at 
all – this may be because they don’t remember their ep-
isodes of forgetting. It may also be a loss of insight into 
the presence of the disability. Denial can also occur with 
non-neurological illnesses and can often contribute to a 
delayed diagnosis and improper management.

Denial may be explicit or implicit. A person may state 
that there is nothing wrong and refuse to consider the 
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 possibility when confronted with evidence (explicit de-
nial). At times, people may demonstrate some awareness 
of a problem but are unwilling to make a reasonable effort 
to have it evaluated (implicit denial). Both forms of denial 
can lead to lack of recognition of illness, which can delay 
treatment.

Denial of cognitive deficit is a special problem because 
people may forget that they forgot and have poor com-
prehension because of the cognitive deficit. This form 
of denial is often shared with the family who might say, 
“Oh, she’s 82 years old, what do you expect?” or “Well, 
there’s  nothing you can do about it anyway.” Both of these 
 approaches are dangerous and improper.

Significant cognitive impairment with or without de-
mentia is not normal at any age. A 95-year-old person who 
is demonstrating significant memory loss should receive 
a medical evaluation because it’s possible the condition is 
treatable and reversible (see Chapter 7). The management 
of this situation may significantly improve the quality of 
that person’s life (see Case Study 9). Many people suspect-
ed of having Alzheimer’s disease, including later ages, 
 actually have a different problem that can be resolved if 
detected by a physician in time.

There is also, of course, denial of risk factors. Heavy 
drinkers may deny their alcoholism. Obese people may 
deny their condition. Similar considerations apply to 
smoking, high-fat diets, lack of exercise, and failure to seek 
medical care. People who deny an illness may fail to take 
their medications or comply with medical advice.

Denial may also involve reluctance or inability to change 
lifestyle actions (denial of the ability to change). “I am too 
old to exercise” is one example and “I haven’t gone bowl-
ing in 40 years” is another. It is valuable to consider the 
risk–benefit ratio. Try one month of daily exercise for at 
least 30 minutes a day and see if it has a positive effect. 
What is the risk?
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Case Study 9

A 71-year-old man came into my office with a com-
plaint from his wife that he had memory impairment. 
An MRI scan revealed a normal amount of atrophy of 
the brain. Mental status testing showed that his mem-
ory and word-finding abilities were preserved and his 
scores on cognitive evaluation tests were good. He was 
an avid golfer and knew the rules of the game and re-
cent events in the sport.

He was significantly overweight. At 5 foot 6  inches, 
he weighed 215  pounds and had a body mass index 
(BMI) of 34. (In the United States, a BMI score of 20–24 is 
normal, 25–29 is overweight, and 30 or more is obese.) 
He had moderate hypertension, didn’t exercise, and ate 
a diet high in saturated fat. He hadn’t seen a dentist 
in several years and drank two beers and one cocktail 
every night. While his memory was normal at this time, 
I encouraged him to exercise more and drink less. He 
didn’t really believe he had a problem, explaining he 
once weighed 240 pounds and previously drank four to 
six beers a day. He wrapped up his philosophy to life 
this way: “When you’re gonna go, you’re gonna go.”

I gently asked him if he looked both ways before 
crossing the street. If he did look, perhaps he wasn’t 
really as ready to go as he thought. I wished to challenge 
him to confront the choices he was making.

Despite his reluctance, I reviewed the importance of 
improving his diet and exercise. I told him that many 
71-year-old men will not live to be age 80, and that his 
chance of living longer will be substantially improved 
if he changed his lifestyle. He told me he wasn’t afraid 
of dying. I explained that the situation was more com-
plicated, since most people do not get to choose how or 
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when they die. He could have a stroke and live another 
20 years, paralyzed and mute.

I also suggested he take better care of his teeth and 
told him that good oral health is good for the brain and 
heart, as well as the teeth. We discussed the fact that 
his liver was 71 years old and may no longer be able 
to metabolize alcohol at the amount he is drinking, 
which can have serious consequences for his health. I 
also  explained that the chance of him being able to con-
tinue playing golf when he was 80 would be significant-
ly improved if he altered his lifestyle. I learned that he 
was very fond of his granddaughter who was 12 years 
of age. I asked if he wanted to be there when she grad-
uated from high school. Did he want her to have her 
high-school graduation saddened by the fact that her 
grandfather was not there? And I explained that he may 
very well shortly be unable to play golf because of heart 
disease and diabetes.

Such denial of personal responsibility is an enormous 
problem. If it could be measured properly it may be one 
of the five leading causes of death. It is often a struggle 
to appreciate that what we do with our lives makes a 
difference. I hope the perspective provided by the con-
cept of the opportunity of aging outlined in this book 
will help.
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Man is by nature a social animal.
Aristotle (384–322 BCE), Greek philosopher

Humans are social beings and relationships with family, 
friends, and colleagues are critical for health at all stages 
of life. Studies have shown a higher risk of dementia in 
later life in individuals with poor social  interactions. At 
all stages of life, it’s desirable for people to have healthy 
relationships with others. Maintaining a socially active 
lifestyle in later life enhances cognitive reserve and bene-
fits cognitive function.25 The physical component of social 
interactions is also of value. Interpersonal experiences can 
influence the structure and function of the brain in both 
early and later life.127 Opportunities for interactions with 
other people enhance social reserve and improve cogni-
tive, physical, and psychological reserves.

Opportunities for interactions with other people 
enhance social reserve and improve cognitive, 
physical, and psychological reserves.

Studies of the relationship of social contacts to cogni-
tive loss with aging suggest that dementia is more com-
mon in those whose social engagement declines from 
midlife to late life. It may be that declining social partic-
ipation is caused by the development of cognitive losses. 
It is  undoubtedly true that having stronger social contacts 
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 protects people from the manifestations of impairment 
that is a critical matter in age-related conditions.

Social interactions have always been important to hu-
mans. Even in the twenty-first century, we need close con-
tact with others. We need to care for others, and we need 
to be cared for. Physical contact, like giving hugs, has im-
portant beneficial influence on our feeling state as well as 
on our endocrine system, stress responses, and blood pres-
sure. People in long-term relationships are at lower risk of 
getting dementia. Social contacts increase physical activity 
that may improve the stress response and improve heart 
health. I may decide that I need to exercise on a certain day 
but decide that I am too tired and stay home. If I then get a 
call from a friend asking to go and play tennis, I may very 
well go, as I love to play and I know that my friend may 
be unable to play without me. Thereby social factors are 
 enhancing my physical activity.

It is critical to develop supportive and durable social 
networks throughout life. Even at advanced ages it is nec-
essary to look for opportunities to connect with others (as 
noted in Amanda Barusch’s Love Stories of Later Life).137 The 
loss of social contacts with aging because of the death of 
family members and friends, sensory and physical impair-
ment, and lack of funds is an enormous problem for older 
people around the world.

Pets can help expand social interactions for people of 
all ages. Dog ownership is associated with lower blood 
pressure, better lipid profiles, and improved responses to 
stress. A systematic review of studies from 1950 to 2019 
shows that owning a dog was accompanied by a 25 percent 
reduction in mortality (compared to non-ownership) and 
a 30 percent reduction in death from heart disease. Dog 
ownership is also associated with better physical and cog-
nitive function because, of course, owners need to walk 
their golden retrievers and regal French bulldogs. I have 
often found that people who live in my neighborhood do 
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not stop to talk to each other. A dog is an excellent factor 
to initiate conversation between strangers.

An aunt of mine at the age of 80 traveled alone to Eng-
land. In London, she stayed at a bed and breakfast and went 
down one day for the morning meal. She was seated at a 
lovely table by the garden. The concierge came and asked 
if she would mind if a certain gentleman joined her table, 
because they were quite full that day and there were no 
available seats. My aunt said that she would be delighted 
and was surprised to see that the man who was joining her 
lived in her apartment building in Manhattan. They had 
seen each other in the elevator for more than 10 years but 
had unfortunately never spoken. Now that they were shar-
ing a table in a London guesthouse, they found that they 
had many things in common and they became friends. The 
man took my aunt out for dinner one night a month for 
over 10 years. It is my experience that while traveling you 
often meet people in very novel and mysterious ways.

Social interactions can be enhanced in aging through 
community organizations, social action groups, religious 
activities, and travel. Pursuing activities that help you find 
meaning will also help you make social connections.
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From the point of view of human evolution, it’s important 
to remember critical things that happen to us. If, 10,000 
years ago, an ancestor of ours walked to a river to get  water 
and saw an attractive bird, she might or might not have 
remembered that event. But if she was attacked by a croco-
dile and managed to barely escape, she’d definitely have 
remembered that. Such an event is of adaptive value to 
remember. That is, remembering the event might have 
saved her life another day (the memory might have helped 
her to not go to the place of the attack and to watch care-
fully for crocodiles). Also, she would likely have told the 
story to others. Remembering the event is critical. And it 
is evolutionarily advantageous for her to remember it, un-
like the memory of the bird.

During stress, the endocrine and brain systems involved 
have distinct neurochemical processes which enhance the 
salience (power) of the memory. The tenacious nature of 
post-traumatic stress disorder (PTSD) is due not only to 
psychological factors, but neurochemical and evolution-
ary ones as well. It is valuable for people who have experi-
enced stressful life events to realize that the power these 
memories have is not entirely psychological. Rather, it is in 
a deeply developed neural pathway created and preserved 
in the brain in a resilient fashion. Understanding that this 
is not a question primarily of “getting over it,” but rather 
“learning to live with it” may help.

Stress has many effects on the brain and the body. It is 
clear that bolstering your physical reserves with physical 
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activity, effective sleep, and a healthy diet enhances the 
ability to deal with stress. The experience of stress involves 
not only the brain, but also the body’s cardiovascular sys-
tem and other parts.

It is difficult to measure stress in humans, as people 
respond to stress differently (what is stressful for one 
person may be a joy to another). In the stress response, 
there are pathways of neural and endocrine systems that 
enhance the person’s ability to act during an emergency. 
The adrenal hormones (called glucocorticoids, such as 
cortisol) influence the heart as well as the brain. These 
responses are adaptive in stressful situations, but not nor-
mal, everyday situations. Considerable research suggests 
that a critical factor is how quickly the stress response re-
covers.  Animal and human studies show that babies who 
received relatively more maternal affection have better 
stress responses in later life, as well as increased surviv-
al of neurons with age. These effects may be related to 
changes in the adaptability of the stress response, as well 
as different exposures to the mother’s microbiota. Stress 
can be a critical aspect of complex cognitive tasks that are 
enjoyed by some people. For others, the stressful aspect 
of those same tasks may be unpleasant. If an activity is 
so stressful that it inhibits participation, it is clearly not 
beneficial to health.

Studies show that a history of stress-related conditions 
increases the risk of vascular cognitive impairment or 
Alzheimer’s disease. This includes PTSD, acute stress reac-
tions, and adjustment disorders. A recent analysis of many 
studies shows PTSD is especially threatening to  human 
health, perhaps doubling the risk of dementia from all 
causes in late life.138 Individuals who suffer stressful life 
events may develop behavioral and functional problems 
later in life because of the reduced capacity of the brain to 
maintain adaptation to the stress. It is best if the work of 
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dealing with stressful factors is accomplished as quickly as 
possible, before the achievement of great age.

Studies show that a history of stress-related 
conditions increases the risk of vascular cogni-
tive impairment or Alzheimer’s disease.

Several strategies can help to deal with stress: restful 
sleep, meditation, a healthy diet, cognitive and physical 
exercise, social interactions, counseling and psychother-
apy, and the avoidance of toxins (alcohol, smoking) and 
polypharmacy (incorrect use of drugs). It is important 
to understand that often stress is not the problem – the 
 problem is our response to the stress.
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Sleep is incredibly important for the creation and main-
tenance of memories. It is an active process managed by 
the brain to allow for bodily rest and the repair and main-
tenance of homeostasis. Good sleep is necessary for life 
and health and is essential for the encoding and storage 
of memories made during wakefulness. Poor sleep can in-
terfere with all aspects of cognitive function, particularly 
attention and memory and has been linked to depression 
and impaired immune function. The length (amount) of 
sleep is not the only important factor; the quality of sleep 
is also vital. Animal studies have revealed that sleep depri-
vation damages gut bacteria and produces hazardous free 
radicals, called oxidative stress.

Cognitive reserve is closely related to sleep. Too many 
people take sleep for granted or think getting a rest-
ful sleep is a luxury, not a necessity. But recent research 
shows the pattern of neuronal firing is replayed during 
sleep, which enhances the formation of memories.

As we age, sleeping problems often become more fre-
quent and may impact the quality of life.

Sleep disturbances are seen in several neurodegenerative 
diseases and are among the earliest symptoms of Alzheim-
er’s disease, including reduced total, slow wave, and rapid 
eye movement (REM) sleep time. This is worrisome and 
potentially dangerous because sleep impairments can ac-
celerate Alzheimer’s pathology in the brain and increase 
the risk of Alzheimer’s disease, dementia, and stroke.139 
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Research has also shown how sleep  deprivation increases 
Alzheimer’s-related proteins in humans and rodents.

People with Parkinson’s disease or Lewy body disease 
may have excessive movements during sleep, including 
violent ones. This is called rapid eye movement behavioral 
sleep disorder and may develop even before the motor or 
cognitive signs of these disorders. This sleep problem can 
often be well managed with medications.

Recently, it’s been discovered that sleep influences the 
clearance of the Alzheimer’s-related neuronal proteins in 
the brain. During sleep it is believed that a network of path-
ways along blood vessels is active in clearing  potentially 
toxic substances from the brain. This pathway is particular-
ly active during sleep. The many short- and long-term nega-
tive influences of lack of sleep may be related to impaired 
clearance of toxic molecules from the brain.  Research has 
shown that short afternoon naps (10 to 20 minutes) reduce 
the risk of five-year cognitive decline in older persons.

There are many things one can do to improve the  quality 
of sleep:

• Go to sleep at the same time every night.
• The bed and bedroom should be used only  for sleep 

and amorous activity, and not for other tasks, such as 
watching television, texting friends, reading Facebook, 
or paying bills.

• Don’t sleep with your phone on or place it near your 
bed. Put it in another room and turn the ringer off.

• Watching the news just before bedtime may lead to 
anxiety and poor sleep. It’s unlikely that you will see 
a story on the news such as “We’re very happy tonight 
to report that Pakistan and India have decided to cease 
hostilities and open their borders.” That would be won-
derful! But unfortunately, it’s more likely that you will 
hear on the news about a disaster or murder that may 
consciously or unconsciously disturb your sleep.
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• Don’t drink caffeinated beverages after 4 p.m.
• Melatonin taken at bedtime may help initiate sleep and 

may also enhance memory, according to some studies 
(it is also an antioxidant).

• Drink less water during the evening if you have a prob-
lem with frequent urination at night.

• Keep the bedroom relatively cool and have the room as 
dark and quiet as possible.

• If you don’t fall asleep within 20 minutes, get up and 
go to another room and sit on a chair. Try not to associ-
ate the anxiety of not sleeping with your bed.

• If you have episodes of arrested breathing during sleep 
(apnea) or snoring, ask your doctor for a sleep study 
(polysomnogram) referral.

• If your sleep is interrupted by anxiety and depression, 
seek help from a counselor, psychiatrist, psychologist, 
and possibly consider antidepressant medication.

• If you’re over 65 years of age, avoid using antihista-
mines for sleep (this includes Tylenol PM and a wide 
range of other medications listed in Chapter 23).

• If you regularly take naps and have problems sleeping 
at night, limit or stop napping during the day.

• Do not try to sleep, as sleep cannot be achieved on 
command. It is a natural process which occurs spon-
taneously.

• Do not have physical exercise within three  hours of 
bedtime.

• If you go to bed at 10 p.m. and find that you wake up at 
1 or 2 a.m. and cannot get back to sleep, consider mov-
ing your sleep time back to 11 p.m. or midnight.

• When you are asleep, molecules made in the brain 
that may be dangerous are removed through pathways 
along blood vessels. This process may work better when 
you are not lying on your back so consider  sleeping in 
another position.
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Everything in moderation, including moderation.
Oscar Wilde (1854–1900), Irish playwright

Overview and Evolutionary Considerations

Our dietary choices affect our health and fitness in two 
ways. First, diet has a direct influence on the brain and oth-
er body parts – for example, a diet high in saturated fat ac-
celerates vessel degeneration and leads to a higher risk of 
coronary artery disease and stroke. Second, dietary choices 
influence the nature of our microbial populations in the 
gut. These two mechanisms frequently work  together; a 
high-salt diet can make high blood pressure worse and will 
influence the nature of the microbiota in the gut, increas-
ing inflammation – two processes which increase the risk 
of heart disease and stroke.

The bottom line is: dietary choices determine what 
food is available for our microbiota, which influences 
what organisms are present. And the nature of our micro-
bial communities has a profound influence on our health 
and fitness. Our dietary choices strongly affect our health 
through a direct influence on our organ systems.

Our ancestors had a diet quite different than the one 
we have today. Studies of hunter–gatherer communities 
around the world show that their diet had less saturated 
fat and much greater diversity and more fiber than most 
humans are eating now. The genes we have that keep 
us healthy were selected in the past because they were 
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 adaptive when our ancestors were consuming this earlier 
diet. Our genes did not develop in response to our current 
consumption patterns.

For example, beef has more than five times more fat 
than the meat eaten by our ancestors, which would have 
been meats such as deer. Nearly all beef consumed in the 
United States comes from grain-fed, factory-farmed cattle, 
with a higher content of harmful saturated fatty  acids. Beef 
from grain-fed cattle has fewer of the beneficial omega-3 
fatty acids and monounsaturated fatty acids than grass-fed 
cattle.

We also eat less seafood than our ancestors did. It’s 
 estimated that in the early modern human diet, up to 50 
percent of energy consumption was from seafood. This 
provided them with n-3 fatty acids, particularly docosa-
hexaenoic acid. This molecule is an important component 
of brain membranes and likely assisted in the evolution of 
our immune and nervous systems. Red meat has more sat-
urated fat than chicken, fish, or vegetable protein sources 
such as beans. Red meat also contains more carcinogens 
and oxidants produced in cooking. A study of over 450,000 
adults in the United Kingdom showed that consumption of 
red meat was associated with an increased risk of coronary 
artery disease, as well as pneumonia and diabetes.140 Eat-
ing red and processed meat is associated with a higher risk 
of colorectal cancer, heart disease, and diabetes. (Avoid the 
burger please.)

Our ancestors had a varied diet because of the seasons, 
the influence of the weather, and the migration of animals 
and humans. Before the invention of salting and smoking, 
humans also had limited means to preserve food. Today, 
many people eat similar things for breakfast, lunch, and 
dinner, all year long. This was not possible in the past. 
 Diversity of healthy foods is critical for diversity of the 
“good” microbiota, which are valuable for health and 
 fitness: your physical reserve factor.
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Diversity

The concept of diversity is a key element in this discussion. 
We need a diverse bacterial community for health. If our 
internal bacterial population is not diverse, we have an 
 imbalance in gut bacteria, which leads to disease or dysfunc-
tion (digestive disturbances such as bloating, constipation, 
stomach cramps, amongst others). To foster the presence of 
complex bacterial communities, we need diverse diets that 
meet the nutritional requirements of many different kinds 
of bacteria.

We need a diverse bacterial community for 
health.

Fiber

Fiber is a component of complex carbohydrates that can’t 
be digested by humans but is metabolized in the gut by 
bacteria that make molecules important for human health 
and help prevent disease. High-fiber foods include whole 
grains, fruit, vegetables, legumes, brown rice, and beans – 
but fiber is not found in meat. Beans are high in protein, 
fiber, minerals, vitamins, and antioxidants. Whole grains 
have vitamins, minerals, and other helpful compounds.

To support a diverse microbiome in the gut, eat a varie-
ty of fiber-rich food. One cup of cooked kidney beans has 
about 10 grams of fiber, which is a considerable amount. 
Legumes such as green beans, chickpeas, and lentils 
are also terrific because they are low in fat and high in 
 nutritional value. They are high in protein,  fiber, B vita-
mins, and minerals. Legumes lower cholesterol and blood 
 pressure, assist weight control, and help people avoid 
 diabetes.

There is no good reason to eat white bread. It has one-
half of the fiber and less protein than whole wheat bread. 
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An analysis of 45 studies found that consumption of whole 
grains lowered the risk of heart disease and stroke, as well 
as death.141

It is currently recommended that people consume 35 
grams of fiber a day. However, researchers have studied 
the diets of hunter–gatherer communities existing today 
and found that they consume much more fiber than this 
suggested consumption level, indicating that perhaps our 
target should be higher. The thought is that our ances-
tors were hunter–gatherers for much of the past 100,000 
years, and that was the time during which our genes 
were  selected. This suggests that our genetic inheritance 
is best  prepared for a high-fiber diet. Fiber increases the 
production of regulatory immune cells that are effective-
ly anti- inflammatory.142 And fiber also helps keep the gut 
barrier strong in defending against bacterial invasion and 
improving metabolism.143,144 A study of over 133,700 peo-
ple in 21 countries found that a high intake of highly 
 processed  (refined) grains is associated with a higher risk 
of heart disease and death than unrefined (whole) grains.145 
 Refined grains have been milled and are not whole, and 
are  missing important parts of the plant, such as bran 
and germ. They have fewer vitamins and minerals than 
whole grains.  Refined grains include white flour, white 
rice, corn grits, and white bread. Studies have shown that 
a  higher whole-grain intake is associated with a lower risk 
of  cardiovascular disease and death.

If you’re concerned about celiac disease (also called 
celiac sprue or gluten-sensitive enteropathy), consult a 
physician before making dietary changes that may have 
negative effects. Foods used to substitute for gluten in 
 gluten-free diets are not necessarily healthy; many are cal-
orie-rich and nutrient-poor. Also, it’s not wise to avoid all 
carbohydrates; some are good, and some are bad to con-
sume. High-fiber, whole-grain carbs are very good indeed. 
The glycemic index (a value used to measure how much 
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specific foods increase blood sugar levels) is not the only 
measure of food quality. Also consider fiber, minerals, an-
tioxidants, and other molecules found in plants. It is better 
to consume the fruit than only the juice, as the juice has 
less fiber and may have excessive sugars. Avoid processed 
foods.

Good sources of fiber include the following: fruit, nuts, 
legumes, vegetables, brown rice, unrefined whole grains, 
whole wheat bread, beans, and seeds.

Animals vs. Plants

The dynamics of dietary choices are illustrated by a de-
cision to have beefsteak with potatoes and green beans for 
dinner. One may feel that it is a healthy meal because of 
the inclusion of green beans. However, having two plant-
based foods on the plate is better than just one. It’s pref-
erable if the steak is replaced with a high-fiber, vegetarian 
option. The steak occupies space on the plate that could 
have been used for something healthy. The steak is not 
adding anything of value to the bacteria (steak has no fiber 
whatsoever) and the steak is high in saturated fat.

Tofu (soybean curd) is a good source of protein and 
 polyunsaturated fats and is cholesterol free. Tofu has es-
sential amino acids, calcium, minerals, soy isoflavones, and 
other ingredients that reduce the risk of heart disease and 
 diminish inflammation in blood vessels. Almonds, walnuts, 
pecans, pine nuts, hazelnuts, and peanuts are super  sources 
of protein. Nuts and legumes also have vitamins, fiber, and 
minerals. Many of these dietary recommendations are help-
ful to decrease the risk of cancer. In short, eat a plant-based 
diet, low in saturated fat, with little meat.

In short, eat a plant-based diet, low in saturated 
fat, with little meat.
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A study of 123,330 women showed that higher levels 
of plant protein intake was associated with lower risk of 
death from cardiovascular disease and stroke.146 Whole 
plant foods are better than refined or processed foods. A 
plant-based diet is associated with a reduced risk of other 
chronic diseases. You probably already know this but let 
me say it emphatically. Eating processed foods with excess 
sugar and salt is a really bad idea. Such a diet has nega-
tive consequences for the gut bacteria, leading to obesity, 
heart disease, and diabetes.

Several scientific studies show that eating a healthy diet, 
rich in green leafy vegetables, berries, nuts, whole grains, 
and fish, will lower a person’s risk of dementia. This is 
terrific news with zero downside. Skip the meaty sand-
wich and grab a salad. Skip the molasses cookie and select 
a  nutty, granola mix. Skip the pork banh mi on doughy 
white bread and eat salmon for dinner.

Another reason to eat less meat: animal studies have 
shown it’s possible to transmit systemic diseases caused 
by an abnormal protein configuration called amyloid 
through the consumption of duck liver (paté  de foie gras). 
It is known that consumption of beef infected with bovine 
spongiform encephalopathy (mad cow disease) can cause 
an untreatable rapidly progressive dementing condition 
called Creutzfeldt–Jakob disease (see Chapter 7).

Mediterranean Diet

There is substantial evidence that the Mediterranean 
diet is a big plus to human health. The Mediterranean 
diet features lots of fruits, vegetables, monounsaturated 
fat, fish, whole grains, legumes, and nuts. It’s also low in 
meat, dairy, saturated fat, refined grains, and alcohol con-
sumption. My reading of the scientific literature indicates 
this diet may be protective against development of both 
Alzheimer’s and Parkinson’s diseases.
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In addition, the Mediterranean diet has fewer precursors 
of the metabolite trimethylamine (TMA), leading to lower 
blood levels of trimethylamine oxide (TMAO), and TMAO 
increases vascular damage. As you may recall from earl-
ier in the book (Chapter 9), TMA is oxidized in the liver 
to TMAO. Both are bad and potentially damaging. These 
molecules accelerate the impairment of cardiac and brain 
blood vessels, leading to heart attacks and possibly stroke 
and Alzheimer’s disease.

A green Mediterranean diet may be even better than a 
Mediterranean diet featuring larger amounts of red and 
processed meat.147 Research has shown that people who 
developed dementia were more likely to eat processed 
meats such as sausages, cured meats, and paté s, as well as 
starchy foods such as potatoes, large amounts of alcohol, 
and snacks like cookies and cakes.148 Study participants 
with the greatest adherence to the Mediterranean diet had 
the lowest risk of cognitive impairment. A high consump-
tion of fish, vegetables, and olive oil appear to have a pro-
tective effect. The consumption of fish has been reported 
to decrease the risk of Alzheimer’s disease associated with 
the apolipoprotein E (APOE) gene.

Fish

Fish is certainly preferred over beef or pork. Fatty fish 
have omega-3 polyunsaturated fatty acids (PUFAs) that 
are beneficial for health and memory. Omega-3 PUFAs are 
anti-inflammatory and may help relieve depression. The 
unsaturated fats found in fish are beneficial and fish are 
low in saturated fat and high in protein – they are also 
good sources of vitamins and minerals.

Which fish are best? Salmon, herring, lake trout, and 
freshwater whitefish are rich in omega-3 PUFAs. Catfish 
and shrimp are low in PUFAs. Smart readers can guess 
what I’m going to write next: minimize consumption of 
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fish and chips, which are fried, breaded, fatty, and deli-
cious. Minimize consumption does not mean only on Fri-
days. It means monthly or yearly.

There are some large fish you may want to avoid due to 
the risk of mercury poisoning. Those fish include sword-
fish, shark, mackerel, or tilefish. These fish should not be 
consumed regularly. Farmed fish may contain more pesti-
cides than wild fish.

Sugar

Through billions of dollars spent on marketing by cola 
conglomerates, candy manufacturers, and our mothers 
and grandmothers who showed their love to us by baking 
cookies and pies, we’ve become addicted to sugar. Yet, 
please listen to me on this. It is best to limit the amount of 
sugar you eat and drink.

Sugar consumption is growing worldwide, leading to a 
big jump in the prevalence of diabetes and obesity. Excess 
consumption of sugar can lead to diabetes and is a risk fac-
tor for decreased cognitive function.

Excess consumption of sugar can lead to dia-
betes and is a risk factor for decreased cognitive 
function.

Some nutritional experts have suggested that sugar may 
be the tobacco of the current era. History professor Yuval 
Harari suggests that sugar is now more dangerous than 
gunpowder because it kills more people. Cola companies, 
he says, pose a far deadlier threat than al-Qaeda.149 Diabe-
tes and obesity shorten lives and kill. It’s really that simple.

The negative effects of excess sugar consumption 
 include the following

• inflammation and free radical production,
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• obesity,
• diabetes (impaired insulin responsiveness),
• kidney and heart disease,
• gout,
• non-alcoholic fatty liver disease,
• dental cavities,
• decreased bone health, and
• leaky gut (poor integrity of the gut blood barrier).

Consumption of sugary soda has been shown to impair 
blood flow to the kidney and is a risk factor for cardiovas-
cular disease and obesity. In a study of more than 100,000 
women, consumption of one or more sugary drinks per 
day was coupled with a 42 percent greater chance of hav-
ing cardiovascular disease.150 Another study of 1,209 elders 
in Malaysia found that sugar intake from all sources was 
associated with cognitive impairment.151 Here’s still more 
evidence: people who drink sodas daily are 23 percent 
more likely to have cardiovascular disease (compared to 
those who rarely or never drink sugary beverages).152 Fur-
thermore, consumption of sodas can limit the absorption 
of minerals necessary for bone health.

Here’s how little sugar the American Heart Association 
recommends you eat daily: six teaspoons a day for women 
and nine teaspoons a day for men. The average American 
far exceeds those recommendations by eating and drink-
ing more than 20 teaspoons of sugar daily.

You might be thinking, “What if I just switch to Diet 
Coke or Diet Pepsi?” I wouldn’t. Artificial sweeteners 
should also be avoided because of their effect on bacterial 
populations in the gut, which may change blood insulin 
levels and impair the control of blood glucose levels. The 
host microbiome may be altered by artificial sweeteners 
to increase the risk of diabetes and weight gain. Artificial 
sweeteners have also been associated with the risk of heart 
disease.
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Televised sporting events often feature adverts for 
sports drinks like Gatorade. This isn’t by chance. The own-
ers of sports drinks want us to think of their product as 
healthy. They’re often not. Sports drinks may contain ex-
cessive sugar. The electrolytes the drinks provide are not 
needed by most athletes. It is best to get electrolytes from 
food. Many sports drinks also have artificial sweeteners, 
colors, and flavors. Many of these unneeded additives are 
designated GRAS, or “generally recognized as safe,” by the 
US Food and Drug Administration. GRAS doesn’t mean 
that they are actually safe. Note that the designation is 
not ADTBS, or “actually demonstrated to be safe.” Many of 
these additives may very well be carcinogenic or hazard-
ous in other ways. The best approach is this: chemicals are 
not people; they are not entitled to be presumed innocent 
until proven guilty.

Evolution has provided us with a special appreciation 
of sweet things because sugar is a good supply of quick 
energy. Intake of sweet things is fine, within reason. It’s 
helpful to consider what makes consumption of food or 
drink pleasing. I have asked this of lots of people and the 
most common response is that the quality of the food or 
drink is paramount (e.g., a fine wine, a spicy chicken tikka 
masala). This view is certainly erroneous and does not con-
sider the functions of the nervous system. The most impor-
tant determinant of the quality of an experience of eating 
or drinking is not the material taken in, but the context 
surrounding its consumption. That is, if I eat one Belgian 
chocolate, I will find it to be delicious. If I have  already 
eaten ten, the eleventh may make me sick.

Years ago, I got lost on a summer hike in a desert can-
yon. I had little water, which I quickly drank. It took me 
five hours to find my way out of the canyon. As you might 
expect, when I reached a water fountain, I was profoundly 
thirsty. The taste of that water was outrageously delicious. 
I doubt that at that moment I would have preferred a 1976 
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Cote de Rhone wine; water was already magnificent. The 
quality of the experience of drinking was determined by 
my need, not only by the substance consumed.

I have emphasized this point because we can make these 
features of our experience of eating and drinking work for 
us. If reduced caloric intake is desired, skipping breakfast 
or lunch may improve the experience of eating the next 
meal. If you gradually lower your consumption of sugar 
your sensory faculties will change and you will develop 
an increased perception of the sweetness of fruit. Instead 
of putting sugar on your cereal in the morning, consider 
using raisins, which have natural sweetness and antioxi-
dants – and fiber as well!

Snacking

It is not enough to eat healthy foods: it is critical to have 
a diverse assortment of healthy foods. When considering 
a snack, it’s smart to reach for a high-fiber snack, such as 
raisins, dried figs, dates, or dried apricots. It is best to avoid 
processed foods which are often high in salt and sugar. 
Also, additives should be avoided such as artificial color, 
artificial sweeteners, preservatives, and artificial flavors. 
Several of these chemicals are known to cause cancer.

It is not enough to eat healthy foods: it is critical 
to have a diverse assortment of healthy foods.

Antioxidants

Free radicals are unstable atoms that zip around inside your 
body, causing damage. Antioxidants can combat free radi-
cals. They do such a good job at hunting down free radicals 
that some people have dubbed antioxidants “free radical 
scavengers.”
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You can load up on antioxidants naturally by eating ber-
ries, plums, avocados, oranges, grapes, cherries, kale, spin-
ach, and other leafy, green vegetables. Eating these foods 
can also reduce inflammation in the body.153

Antioxidants benefit us in other ways. The antioxidant 
content of fruits has been linked to their coloring; often, 
the color of fruits is caused by flavonoids that help the plant 
resist oxidative damage by sunlight and attract pollinators 
(such as the redness of strawberries or raspberries). When 
you eat these fruits, they protect you from the oxidative 
damage caused by your metabolism. The microbiota help 
to enable absorption of the flavonoids in the diet. Flavo-
noids in fruit and vegetables also have anti- amyloid as well 
as anti-inflammatory properties.154 Intake of  flavonoids has 
been reported to be protective against the  development of 
Alzheimer’s disease. Spices such as ginger,  chilli, and tur-
meric also have anti-inflammatory properties.  Saturated 
fatty acids have pro-inflammatory  effects and omega-3 
PUFAs decrease inflammatory  markers.  Eating fruit and 
vegetables can help inhibit inflammation. Fruits also have 
large amounts of fiber and vitamin C.

Natural Foods

When shopping, beware of the “natural” label on food. 
The US Food and Drug Administration does not regulate 
the use of the word “natural” in the marketing of food. 
Natural products are not necessarily safe. Cobra venom is com-
pletely natural but isn’t safe – you wouldn’t stir it into your 
coffee. Many things sold in health food stores are both nat-
ural and potentially dangerous. It’s important that your 
doctor is aware of all the pills you take, including natural 
products and supplements. One example of a natural prod-
uct that may not be good for you is coconut oil, which is 
high in saturated fat and has been shown to increase low- 
density lipoprotein cholesterol (‘bad” cholesterol) and also 
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increase cardiovascular risk. There’s no firm evidence that 
coconut oil helps prevent Alzheimer’s disease, dementia, 
or other diseases.155 The American Heart Association has 
advised against the consumption of coconut oil.

“Everything in Moderation”?

I often hear people use the phrase, “Everything in moder-
ation.” This phrase can be quite dangerous, especially in 
combination with denial. For example, there’s no safe level 
of cigarette smoking, lead poisoning, or mercury exposure. 
All are cumulative and can lead to brain damage and death.

It’s important to define the term “moderation.” You 
might define moderation as eating a fatty meal once a 
week. Or you might define moderation as eating a fatty 
meal once a month. Let’s say that the fatty meal is a pas-
trami sandwich with more than 1,000 calories, 21 grams 
of saturated fat, and 3 grams of sodium. If you’re obese, 
have high cholesterol, and a family history of early cardiac 
death, you shouldn’t eat pastrami sandwiches at all.

For those without health problems, keep in mind that 
indulgences can get you in trouble.

Vitamins and Minerals

Vitamins are critical for the function of the brain and ner-
vous system. The best place to get vitamins is in food.

Let’s begin with B vitamins. Thiamine (B1) is an essential 
B vitamin and is important for the brain. It’s usually only 
deficient in people with alcoholism, malabsorption, or 
other serious nutritional deficiencies. Vitamin B1 may be 
found in fortified cereals, fish, lentils, green peas, yogurt, 
and may enhance immunity, aid bone health, and reduce 
heart disease risk.

Pyridoxine (vitamin B6) and folic acid (vitamin B9) are 
also important for brain functioning. Vitamin B6 is found 
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in fish, poultry, meat, nuts, legumes, potatoes, and whole 
grains. Folic acid is found in animal products, dark leafy 
vegetables, whole-grain cereals, and fortified grains (in the 
United States).

Dietary intake of vitamin A, vitamin K, magnesium, 
zinc, and copper have been associated with reduced heart 
disease. Vitamin A is present in orange and yellow fruits, 
carrots, dark greens, and eggs. Vitamin K is found in green 
leafy vegetables, collard greens, spinach, shellfish, seeds, 
and nuts. Zinc is found in oysters, crab, lobster, poultry, 
beans, and nuts. Vitamin K2 is found in fermented foods 
and chicken.

Vitamin B12 is very important for the central and peri-
pheral nervous systems. It is essential for the proper 
functioning of nervous tissue, cannot be synthesized by 
humans, and is relatively difficult to absorb, because it 
requires a molecule to be secreted by the stomach for its 
absorption. Many people are deficient in vitamin B12 be-
cause of a problem in the gastrointestinal tract of which 
they are not aware.

Vitamin B12 may be deficient in vegetarians and is found 
in liver, meat, milk, poultry, fish, and eggs. Although vita-
min B12 is found in multivitamin supplements, the dose is 
often not enough for persons who have difficulty absorb-
ing the vitamin. Recently, high levels of dietary vitamin 
B12 have been associated with breast and lung cancer. It is 
best to have your blood level of vitamin B12 measured to 
see if supplementation is needed.

Blood levels of vitamin B12, B6, and folic acid are linked 
to a normal amino acid called homocysteine, which is 
present in blood.156 Some studies show that low vitamin 
B12 levels are associated with Alzheimer’s disease. High 
levels of homocysteine have been linked to heart disease, 
oxidative stress, stroke, and Alzheimer’s disease. Fortu-
nately, homocysteine levels can frequently be lowered by 
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taking dietary supplements of vitamins B12, B6, and  folic 
acid. There is evidence, which is currently incomplete, 
that suggests lowering homocysteine with vitamin supple-
mentation may lower the risk of cognitive impairment in 
aging. It is recommended that everyone has their levels of 
vitamins D, B6, B12, and homocysteine monitored.

In a preliminary study, vitamin B3 has been found to be 
deficient in both mouse models and humans with ALS.157 
This vitamin may also inhibit cognitive loss and neurode-
generation in mouse models of Alzheimer’s.158 Vitamin B3 
is found in poultry, eggs, dairy products, eggs, fish, nuts, 
seeds, legumes, avocados, and whole grains.

Vitamin D is important for the immune system and for 
calcium absorption and bone density. Studies show that 
over 70 percent of people in North America are deficient 
in vitamin D. Everyone should know their serum vitamin 
D level because of its importance in bone health and the 
immune system. As discussed in Chapter 5, the immune 
system is highly involved in brain disorders in aging, as 
well as heart disease and stroke. Magnesium may be help-
ful in absorption of vitamin D. Vitamin D is synthesized in 
the body when exposed to sunlight, but it’s also available 
in fatty fish, liver, beef, egg yolks, and mushrooms.

Vitamin E has a potent ability to counteract free radi-
cals159 and is found in brown rice, nuts, seeds, vegetable 
oils, green leafy vegetables, and fortified cereals. Recently, 
it was reported that vitamin E and C intake may be protec-
tive against Parkinson’s disease.

For most people, multivitamins are not proven to im-
prove health.160 Actually, people who use multivitamins 
are often already those with a healthy diet. Multivitamins 
can help people with dietary deficiencies, alcoholism, or 
poor absorption of nutrients. Supplements can be harmful, 
at times – beta-carotene supplements have been  reported 
to increase the risk of lung cancer in smokers. Taking 
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 vitamin E and antioxidant supplements may increase the 
risk of some cancers. However, it is good to consume them 
in food.

Minerals are important for metabolism and the health 
of bones, heart, muscles, and the brain. Minerals include 
calcium, phosphorus, sodium, potassium, magnesium, 
manganese, sulfur, chloride, iron, iodine, fluoride, zinc, 
copper, selenium, chromium, and cobalt. They may be 
found in nuts, seeds, shellfish, vegetables, eggs, beans, 
 avocados, berries, and yogurt. Minerals are also found in 
organ meats, but it is not necessary to eat meat to have 
adequate minerals in your diet.

Magnesium deficiency is common and may impair im-
mune function. Magnesium is found in deep ocean fish, 
seeds, nuts, whole-grain foods, dark-green vegetables, 
fruits, and dark chocolate. Supplements of magnesium 
may be toxic in high doses. Calcium intake is important 
for bone and muscle health, blood clotting, and the avoid-
ance of osteoporosis.

Polyphenols and Bioflavonoids

Polyphenols are a class of molecules that contain mul-
tiple phenol groups. Joseph Lister (1827–1912) demon-
strated the power of a compound called carbolic acid in 
the late-nineteenth century. Carbolic acid, also known as 
phenol, was the first effective and widely used antisep-
tic agent. It allowed the field of surgery to greatly lower 
mortality rates. The story of Lister and carbolic acid is 
well told in Lindsey Fitzharris’ The Butchering Art: Joseph 
Lister’s Quest to Transform the Grisly World of Victorian Med-
icine. Carbolic acid has one phenol group and is biologi-
cally powerful.

Bioflavonoids are polyphenols found in plants, and they 
have many powerful effects on microbes (and humans too). 
Flavonoids have many desirable health effects, including 

A P P L I C A T I O N S240

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

anti-amyloid actions and lowering of blood pressure. They 
may also inhibit clumping and spreading of disease-related 
brain proteins. Flavonoids are found in fruit, vegetables, 
cereals, tea and coffee, spices, berries, beans, nuts, soy as 
well as red wine.

Flavonoids help give color to plants, protecting them 
from the Sun and attracting pollinators such as insects, 
flies, and birds. When we eat these polyphenol com-
pounds, we take advantage of their antioxidant effects.

Curcumin, a natural polyphenol and bioflavinoid from 
the Asian spice turmeric, may lower inflammation.161 It 
may improve the innate immune system’s ability to in-
crease clearance from the brain of toxic proteins involved 
in the neurodegenerative disorders.162,163 Turmeric is very 
flavorful and adds lovely coloring to your meals.

Another source of polyphenols is green tea. Green tea is 
made from the same plant as black and oolong tea, but it 
is produced without the withering and oxidation process 
used to make those other teas. Green tea contains polyphe-
nols, which are anti-inflammatory and reduce oxidative 
toxicity and blood pressure. Green tea consumption may 
lower low-density lipoprotein cholesterol levels, decrease 
periodontal disease, and cause weight loss. It has been pro-
posed that the polyphenols in green tea may beneficial-
ly alter gut bacteria and their metabolites (the molecules 
that are made by the bacteria). One Japanese study found 
that drinking green tea may lower the risk of Alzheimer’s 
disease.164 Green tea has about 30 percent of the caffeine 
content of coffee and is safe to drink. However, avoid high 
doses of green tea or green-tea extract because of possible 
liver toxicity. Certainly two glasses of green tea a day is 
fine but taking green tea extract as a supplement is not 
recommended.

Finally, phytoestrogens are plant-derived estrogens 
(phyto means plant), found in soybeans, pomegranates, 
spinach, and other plants, which lower lipids, change 
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the packaging of DNA, and have beneficial effects on 
blood clotting, blood vessel disease, and reduce the risk of 
Alzheimer’s disease.161,165

Salt

Fast food is really bad for you. And one of the reasons it’s 
bad for you is the salt. A quarter pounder with cheese from 
the Golden Arches has 1,140 milligrams of sodium. And 
most people get it with fries, which, by the way, are an-
other 350 milligrams – taking the whole meal up to 1,490 
milligrams of sodium.

The American Heart Association recommends consum-
ing just 2,300 milligrams of sodium daily and believes 
most people should be eating and drinking closer to 1,500 
milligrams of sodium (so that one meal from the Arches 
breaks that count), but most people in the United States 
eat and drink more than 3,400 milligrams of sodium. Be 
aware of your salt intake and eat less salty food.

High levels of salt intake are known to worsen hyperten-
sion. Recently, it has been learned that salt also  influences 
the microbiota, affecting the immune system: higher levels 
of salt consumption accelerate inflammation in the brain 
and in blood vessels. A high-salt diet also diminishes the 
ability of white blood cells to kill bacteria and  decreases 
the production of beneficial short-chain fatty acid produc-
tion by the microbiota.

Fasting

Another dietary approach to health is intermittent fasting. 
This should only be done with the assistance of a physician 
and may not be good for people with diabetes or kidney or 
liver problems.

Our hunter–gatherer ancestors were not able to eat three 
meals a day because of the variable availability of food (they 
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did not have stores, refrigerators, or pantries). Research has 
shown that periods of not eating, either during the day or 
on alternate days, have beneficial effects on metabolism 
and disease. Intermittent fasting may improve liver func-
tion and increase the production of beneficial short-chain 
fatty acids such as butyrate (these small molecules are 
made by gut bacteria and have healthful effects). The di-
versity of gut bacteria may also be enhanced with fasting. 
Fasting lowers stores of fat in the body, improves blood li-
pids, lowers blood pressure, improves DNA repair, and may 
have beneficial effects on cancer, mental health, and the 
regulation of blood sugar. There may also be good effects 
of fasting on body weight, inflammation, neurodegener-
ation, heart disease, and stroke.166 Also, fasting increases 
the production of ketones in the blood, which may be neu-
roprotective, increase sensitivity to insulin, and improve 
cognition. Furthermore, fasting may increase brain-derived 
neurotrophic factor and improve resistance to stress and 
maintenance of functional balance (homeostasis).

The easiest approach to fasting is called intermittent 
fasting, in which there is a period of about 16 hours a day 
where there is no caloric intake. This can be from 8 p.m. at 
night till noon the next day. Fasting may be a problem for 
diabetics or those with eating disorders and it’s important 
that fasting does not lead to feasting.

Water Balance

Hydration is an important and often ignored aspect 
of  health. At the National Institutes of Health, my col-
leagues and I found that older people don’t drink as much 
as they need – this is called “a diminished response to 
water deprivation.” The people participating in our study 
spent the night at a research hospital. We told them not to 
drink from 9 p.m. to 8 a.m. At 8 a.m., they were given ac-
cess to ice water and the amount they drank was  recorded. 
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We found that older people in the study drank less  water 
than they should have, as determined by blood tests. This 
problem was relatively more marked in persons with 
Alzheimer’s disease.

Hydration is an important and often ignored 
aspect of health.

Dehydration caused by poor water intake can worsen 
heart and cerebrovascular disease and constipation, as 
well as cause cognitive impairment. Older persons should 
be aware of the fact that thirst may not be a reliable indi-
cator of how much water their bodies need; they may need 
to drink more that than their thirst indicates.

The amount of water needed varies by individual. Dis-
cuss the situation with your doctor, as it will depend upon 
your health status in regard to kidney function, diabetes, 
and heart disease. Hydration requirements also vary based 
on your physical environment, physical activity level, and 
underlying health conditions.

How to Change Dietary Habits

It is not easy to change the way we eat. I suggest using 
small changes which are more likely to endure. Consider 
replacing juice with fruit, replacing white rice with brown 
rice at least once a week (or mix brown and white rice to-
gether), replacing sugar with raisins on cereal, replacing a 
chocolate bar with a fig and almond for a snack, replacing 
a hamburger with a veggie burger, and replacing a pepper-
oni pizza from a fast-food chain with a pizza made at home 
using whole wheat bread and fresh vegetables.

I suggest using small changes which are more 
likely to endure.
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Summary of Dietary Recommendations

The lists below provide a summary of my dietary recom-
mendations. I suggest we avoid the following:

• red meat (beef and pork),
• refined grains (white rice, white bread),
• high salt,
• poor dietary diversity,
• low-fiber content,
• processed foods,
• high saturated fat,
• excess alcohol (see Chapter 25),
• excess sugar (natural or artificial sweeteners),
• artificial colors, flavors, preservatives,
• sodas,
• fast food, and
• processed food.

Instead, make sure you have enough of the following:

• whole grains (brown rice, whole wheat bread),
• fish,
• chicken (better than beef or pork),
• high dietary diversity,
• high-fiber content (beans, whole grains, fruit, berries, 

vegetables, legumes, nuts),
• plant-based food,
• unprocessed food,
• tofu,
• low saturated fat,
• green leafy vegetables, and
• spices.

I hope that the concept of the opportunity of aging will 
assist in understanding how our food choices impact the 
quality of our lives as we get older. You can do it!
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A reader who has little knowledge of such matters may be sur-
prised by my recommendation to absorb large quantities of 
microbes, as the general belief is that microbes are all harm-
ful. This belief, however, is erroneous. There are many useful 
microbes, amongst which the lactic bacilli have an honorable 
place. Moreover, the attempt has already been made to cure 
certain diseases by the administration of cultures of bacteria.

Elie Metchnikoff (1845–1916), Russian scientist

The first suggestion that intestinal bacteria may be in-
volved in health comes from the observations of Elie 
Metchnikoff, an important Russian scientist and colleague 
of Louis Pasteur. He found that inhabitants of Bulgaria in 
the Caucasus mountains had a long life, which he believed 
was attributable to yogurt consumption. His research iden-
tified the first class of probiotic bacteria, lactobacillus, as 
a responsible agent. Metchnikoff won the Nobel Prize in 
Physiology or Medicine in 1908 (shared with German sci-
entist Paul Ehrlich “in recognition of their work on immu-
nity”).

Metchnikoff is credited with coining the term gerontol-
ogy (the study of aging). Ahead of his time, he once said, 
“Inflammation as understood in man and the higher ani-
mals is a phenomenon that almost always results from the 
intervention of some pathogenic microbe.”167 He would 
have certainly appreciated the concept emphasized in this 
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book that microbes are involved in health as well as dis-
ease.

Microbial exposure in early life is necessary for 
the development of a healthy immune system.

Microbial exposure in early life is necessary for the de-
velopment of a healthy immune system. Excessive cleanli-
ness has been linked to an increasing risk of asthma and 
allergic condition in childhood. Microbiota researchers 
Jack Gilbert and Rob Knight have written a book about the 
importance of microbial exposure on child development, 
Dirt Is Good: The Advantage of Germs for Your Child’s Developing 
Immune System.120

It is difficult to make specific recommendations con-
cerning microbial exposures at this time. Considerable 
research is being done worldwide about which bacterial 
populations will be best to consume as probiotics (live 
bacteria are believed to aid health and enhance bacterial 
populations in the gut). However, I can recommend the 
steps below.

• Children should be able to play in natural environ-
ments without excessive attention to cleanliness. 
There is research to suggest that the immune system 
of children who grow up with a dog is better than that 
of those who do not have such exposure.

• Probiotics may be helpful, but it is not clear which are 
best. (Probiotics have been found to help control con-
stipation in people with Parkinson’s disease.)

• Consumption of yogurt which has live bacteria is de-
sirable.

• Don’t eat yogurt with a lot of sugar, as is often found in 
many yogurts. Rather than eating a yogurt with added 
fruit and sugar, it’s better to eat plain yogurt and add 
your own fruit.
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• Other foods that contain live bacteria that may be bene-
ficial including kimchi (high-salt Korean fermented 
cabbage and radishes) and natto (Japanese fermented 
soybeans). Both kimchi and natto are excellent sources 
of vitamins and minerals.

• Prebiotics are non-digestible fibers that cannot be di-
gested by people; they are designed for their ability 
to be metabolized by desirable gut bacteria. It is also 
not clear which prebiotics are best. Psyllium husk 
(also known as isabgol) is a dietary fiber which can 
relive constipation and enhance fiber intake. It can 
cause bloating if not taken with an adequate amount 
of  water. Consumption of high-fiber foods will have a 
similar effect on the microbiome as prebiotics.

• Kombucha, a fermented sweetened tea drink, has pro-
biotics and antioxidants but may be high in calories 
and may cause bloating. It’s not clear that the bacteria 
in kombucha are beneficial.
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The mouth is home to more than 1,000 different species 
of microbes. These microbes live in the nose, mouth, and 
throat and help to protect us against invasive, disease- 
causing organisms. We don’t have a choice about their 
residency in our bodies. If we wanted to remove them 
once and for all we would need a blow torch. That is to 
say, they can’t be removed. Because of their contribution 
to disease, we must monitor and control their populations 
as best we can. To put it another way: we need them, and 
they need us.

We must be sure that they are not having a party in our 
mouth. The best way to avoid having an unhealthy popu-
lation of organisms is to practice good oral hygiene: brush 
upon wakening, after meals, and at bedtime, use dental 
floss, and visit a dentist two or three times a year for check-
ups and cleaning.

We need to take care of our oral health because 
it is good for our brain and heart.

We need to take care of our oral health because it is 
good for our brain and heart. Of course, it’s also good 
for our teeth, but consideration of the role of oral health 
in brain and heart disease will help us to understand its 
 importance to our health and fitness.
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One of the first duties of the physician is to educate the masses 
not to take medicine.

William Osler (1849–1919), author of the most important 
medicine textbook of the first half of the twentieth century

In order to maintain the highest level of your four reserve 
factors it is necessary to know how to interact with the med-
ical professionals and the medications they prescribe. It is 
similarly valuable to understand and appreciate the per-
spective of clinical research.

The Importance of Being Heard

Some years ago, I was walking and noticed a pain in my 
left ankle. It worsened over several weeks and prevented 
me from playing tennis. I went to see a prominent ortho-
pedist who specialized in legs and feet, at the university 
hospital where I work. The attendant put me in a room. I 
waited an hour for the doctor to arrive. He greeted me and 
had already been told by the nurse that I was there for pain 
in my left ankle. Before I could say much, he squeezed the 
ankle and said I should have an MRI scan. As he was leaving 
the room, after just a three-minute visit, I was surprised 
how angry I became. The doctor had shown no interest in 
the story of my ankle pain. As he was halfway out the door, 
I sternly requested he come back so I could tell him about 
my ankle. He did not know, nor did he  appreciate the fact, 
that we are all entitled to our stories. To the orthopedist, I 
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was one more ankle out of thousands. But to me, it was an 
important factor in my ability to walk.

Another time I was considering having a major surgery 
and needed to choose between five different treatment 
 options and several potential surgeons. I chose a surgeon 
who looked at me, did not keep his gaze fixed on his com-
puter, and spoke to me as a human being. Another possible 
surgeon did not look at me and gave me a good view only 
of his left ear, because he was focused on his  computer. I 
was surprised at how angry I was that he would not  address 
me like a human being.

These two anecdotes illustrate an important issue in 
dealing with medical professionals. As patients, we have 
the right to have our story and voice respected. Each and 
every one of us should be treated like human beings. Our 
stories are an important part of who we are. We are not 
machines in need of mechanical intervention. Many peo-
ple are exceptionally passive in their pursuit of medical 
care and will accept whatever negligence, avoidance, or 
abuse they receive. It’s up to us to be powerful advocates 
for our own welfare and insist on having medical profes-
sionals listen to our stories and attend to our needs. We 
need to be active partners in our healthcare. In order to do 
that we need to be assertive and speak out when necessary.

We need to be active partners in our healthcare. 
In order to do that we need to be assertive and 
speak out when necessary.

Important issues in interactions with doctors are noted 
below.

Choosing a Physician

Choosing the right doctor is tough. The following points are 
worth considering when you are faced with making a choice.
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• Naturally, we are attracted to doctors who are friendly, 
thoughtful, and kind. But a doctor with good bedside 
manners might not be the doctor you need. It’s possi-
ble that the doctor with poor bedside manner may be 
the best choice. An important determinant here is how 
acute or important is the issue you’re facing.

• Physicians involved in teaching are generally better in-
formed than those who are not, since the demands of 
teaching require physicians to stay up to date. Physi-
cians who teach are more likely to have time to attend 
to their own education. Also, physicians who publish 
are often better educated than those who don’t. I admit 
that I am seriously biased in regard to this preference 
for academic physicians. Certainly, there are many out-
standing physicians who are not teachers and do not 
publish.

• The doctor at an academic medical center is subject to 
higher standards than most physicians. At a university, 
physicians must participate in patient care, teaching, 
research, and publishing to get promoted. Academic 
physicians are often paid by salary, not by the num-
ber of patients they treat. Many doctors in community 
settings are paid by the amount of clinical work they 
 accomplish or the number of referrals produced (e.g., 
if they take a week off to go to a conference, they will 
have no income for that week).

• If possible, find out what people who work with phys-
icians say about them, including other doctors, nurses, 
medical assistants, technicians, administrative assis-
tants, and administrators.

• Just because a doctor works in another city doesn’t 
mean they’re better than one around the corner. 
 Beware of the belief that someone local could not 
possibly be good, and that someone far away must be 
 excellent because of where they work. This is often not 
an effective strategy.
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• Make appointments only with board-certified physi-
cians. Board certification is a minimum qualification –  
it does not require excellence, only a minimum  level 
of competence. There is no excuse for a practicing 
physician to not be board certified. (Being board eligi-
ble implies that the physician is qualified to take the 
board exam but has not yet taken it or hasn’t passed 
the exam yet.)

• Remember, about 50 percent of physicians are below 
average. If a medical school graduates 150 doctors, 
whoever occupies the position of bottom of the class 
will certainly find a job! Of course, no one will have ac-
cess to this information, but this is a solid warning that 
we all need to be active partners in the pursuit of our 
health and fitness.

• If possible, be aware of conflicts of interest. A surgeon 
may be evaluated by their practice in regard to finan-
cial productivity. How many operations are they doing? 
A cardiologist might earn more money by recommend-
ing more surgeries. If a physician doesn’t recommend 
enough surgeries (and other procedures), they may not 
be rehired or promoted. This problem is reviewed in 
the book Heart Health.168

• As a patient, ask questions at every visit. Don’t let the 
doctor sneak out of the room when you’re not looking, 
followed by the nurse saying, “You can go now.”

• Interpret online reviews with skepticism. Doctors with 
good bedside manners may have good reviews, even 
though they are incompetent.

• Beware of specialists, subspecialists, and super-sub-
specialists. Have you heard about the specialist who 
said during their career that they learned more and 
more about less and less, until they knew absolute-
ly everything about nothing? This is related to how 
acute and important the problem is. If you have a sore 
throat, you don’t need an otolaryngologist (ear, nose, 

Dealing with Doctors and Drugs 253

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

and throat specialist). If you have a rare disease, the 
best person for you to see may be at the National Insti-
tutes of Health in Bethesda Maryland, at the National 
Hospital for Neurology and Neurosurgery in London, 
England, or at another top academic medical center. 
However, although specialists can often provide the 
critical care you need, their narrow vision may impair 
their understanding of the whole situation.

People are complex creatures. And disease is complex. 
Reading about your condition may help, but you must 
 understand that to write about disease, the writer must 
simplify. And the information may be misleading or 
 erroneous.

To treat disease, a doctor must understand complex, 
interrelated specifics. Science is advancing with great 
speed. For example, by spring of 2021, the National Library 
of Medicine featured 119,201 papers dedicated to corona-
virus disease 2019 (Covid-19), a virus not known to exist 
less than two years earlier. It is also the case that some 
things written in textbooks are wrong by the time the text-
book is published. Reading up for yourself is not enough. 
These are good reasons to obtain expert guidance when 
consulting a physician concerning serious disease.

Discussing Your Medication with Your 
Physician

When it comes to discussing medications with your phys-
ician, the following suggestions may be helpful to consider.

• Bring all your medications, supplements, and vitamins 
with you to every visit with a physician. Make sure the 
physician is aware of everything you take (medications, 
supplements, vitamins, herbal preparations, ethnic 
remedies, gastrointestinal aids). They should review this 
list comprehensively at each visit (see Case Study 10).
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• If medications are prescribed, make certain you under-
stand their indications, side effects, dosing schedule, 
possible interactions with other drugs, and whether 
the drug needs to be taken on an empty stomach or 
with food.

• If a physician suggests that you take a new drug, read 
about the drug at home and understand its effects, as 
far as possible.

• Jot down your questions in advance and bring paper 
and pencil with you so you can make notes while dis-
cussing your condition.

• If an illness or disease threatens disability or death, 
consider getting second or third opinions, including a 
referral to academic medical centers.

• If you don’t understand what the doctor is saying, ask 
for explanations. The visit may be stressful and you 
may be tempted to avoid that by leaving at the  earliest 
opportunity. Still, it’s best to take advantage of the 
chance to find out what you need to know and what 
you need to do.

• Be aware of the powerful factor of denial of illness. No 
one wants to be sick; this is human nature. It’s better to 
confront a problem directly than to ignore it.

• Make sure the physician gives you their opinion before 
you leave. This opinion must include what the physi-
cian thinks is going on and what they think should be 
done. These opinions should make sense. For example, 
if you bring in a 76-year-old parent with a memory prob-
lem and the doctor says they thinks the diagnosis is 
 “senile dementia,” you know you need another  doctor. 
As I’ve said, the phrase “senile dementia” is obsolete –  
it is also not a diagnosis. It merely indicates that the 
 person is old (you know that already) and the person 
has the symptoms and signs suggestive of  dementia 
(you may already know that as well). But what is 
 necessary is to know the cause of the problem.
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• Family history is an important part of the medical 
 encounter. Be prepared to discuss the health histories 
of your parents, siblings, children, aunts, uncles, and 
grandparents.

Case Study 10

A 74-year-old hypertensive diabetic man was seen by me 
for paranoid behavior and loss of memory for one year. 
He thought that people were hiding things and “trying 
to put things over on him.” He also complained of an 
altered sense of smell and taste. Two years earlier, he 
had a colostomy for cancer of the colon. His only med-
ication was an oral antidiabetic agent. An examination 
showed that he had poor abstraction, judgment, word 
finding, and decision making. Routine blood tests were 
normal. MRI of the brain showed one small stroke. He 
worked as a manager of a ball bearing factory. Because 
of the possibility of toxic exposure at work, a panel of 
tests for heavy-metal poisoning was completed. It re-
vealed he had a toxic level of the metal bismuth in his 
blood. Bismuth is known to be an uncommon cause of 
cognitive impairment. It was subsequently learned that 
he used a product called bismuth subgallate as a colos-
tomy deodorant. He had not informed anyone about it, 
because it was not a drug. The product was a deodorant, 
and we had asked him specifically what drugs he was 
taking. Because of the discovery of this toxic  exposure, 
he stopped using the bismuth product and he was 
markedly improved six months later. He had no further 
paranoid behavior, complaints of memory loss, or dif-
ficulty with executive functioning. His ability to smell 
and taste returned. To enhance awareness of the poten-
tial toxicity for this therapy we published this case in 
the journal Clinical Neuropharmacology.169
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Physicians and Medical Errors

Physicians sometimes make mistakes. Any activity involv-
ing human behavior will have errors. In 1999, NASA sent 
a space vehicle to Mars with the parachute switches in-
stalled upside down. Undoubtedly, NASA has the smartest 
space engineers anywhere, but they made a serious error. 
On at least two occasions, an American neurosurgeon has 
operated on the wrong side of someone’s head (the doc-
tor was looking at the MRI scan of the wrong person). In 
2021, an 82-year-old Austrian man had his right leg ampu-
tated above the knee when the procedure he needed was a 
left leg amputation. The mistake was attributed to human 
 error.

The lesson here is that regardless of the eminence of the 
physician you visit, or researcher whose paper you read, 
it is possible that person is wrong. Thus, it is critical to 
remain involved, observant, and ask questions. And then 
ask more questions! In summary, you should be an active par-
ticipant in your own care and fierce in the pursuit of what’s best 
for you (see Case Study 11).

The Importance of Considering the Whole 
Person

Be aware of the need for coordination. Many people have 
several subspecialists dealing with various parts of the 
body, but nobody to be aware of the interactions among 
these body parts and among the subspecialists. Everyone 
needs one physician to be responsible for the whole  person. 

It’s critical that healthcare providers are aware of 
all items being taken, including medications, supple-
ments, vitamins, herbal  agents, folk remedies, and 
 other products.
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This individual should also be responsible for dealing with 
all the subspecialists and seeing that the whole person is 
not lost in the melee. Our interdependent parts cannot be 
considered without awareness of the whole person!

Case Study 11

Many years ago, I got a call from my mother’s 86-year-
old  cousin, Elsie. She had had a headache and loss of 
 vision in her right eye, which had come on suddenly 
a few days before. I was immediately concerned this 
could be a kind of vascular inflammation in blood ves-
sels serving the eye in older persons, which can cause 
severe visual impairment and potentially blindness 
(called temporal arteritis). I called her physician and 
explained that I was a neurology resident and wanted 
to know if he had tested her for temporal arteritis and 
prescribed steroids to diminish the risk of her other eye 
being involved. He told me that she was already blind 
in her right eye and that giving her steroids would not 
help because it was too late. I called the most experi-
enced neurologist I knew and got her an appointment 
to see him the next day. Then I called Elsie and said she 
needed to be treated for a serious vascular problem that 
could affect the vision in her other eye as well and that 
I had gotten her an appointment the next day with an 
accomplished physician. She told me that she trusted 
her doctor, that he had been taking care of her for over 
40 years and she could not possibly go see anyone else. 
I told her there was a serious risk she would go blind if 
she did not follow my advice. I also said her doctor was 
seriously mistaken and did not know what he was doing. 
She did not go to see the neurologist I had found for her 
and did not get placed on the steroids she needed. Two 
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Medication Interactions

Medications can cure disease, but they can also cause it. 
Prescription drugs are the commonest cause of reversible 
mental impairment. Negative effects of drugs on the brain 
can be caused by the drug itself, as well as interactions 
with other drugs, food intake, kidney dysfunction, smok-
ing, alcohol, poor hydration, drug expiration, and the 
microbiota. A drug may work well when taken alone but 
may no longer be effective when a second drug is added 
because it interferes with the absorption and metabolism 
of the first drug. About one-quarter of non-antibiotic drugs 
influence gut bacteria.

Medications can cure disease, but they can also 
cause it.

Older people are often taking several medications that 
may interact to have negative effects on the brain and 
cause cognitive impairment. Polypharmacy is the concur-
rent use of five or more medications for one or many con-
ditions.170 The occurrence of polypharmacy is increasing 
around the world, and more than half of older people may 
be exposed.171 This is an especially important problem in 
older people who may have many conditions requiring 
treatment. The risk of cognitive impairment is higher in 

weeks later, she lost her vision in the other eye. Within 
one year she had fallen, broken her hip, and died.

We must realize our opinion of physicians often is 
based on their joviality, conviviality, verbal skills, and 
salesmanship. All of these qualities are remote from 
the skills of being well informed and having good 
 decision-making abilities.

Dealing with Doctors and Drugs 259

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

people taking more than five medications, compared to 
those taking fewer than five.170 Nearly 50 percent of older 
people are taking one or more drugs that aren’t medically 
needed.171

Many physicians are not aware of the special needs of 
older people. In particular, it is known that physicians 
commonly prescribe drugs which impair memory func-
tions in healthy older persons. The number of neurons in 
the brain that use the neurotransmitter acetylcholine is 
reduced in aging; these neurons, referred to as choliner-
gic, are critical for memory and learning. As a result, many 
older people can develop cognitive losses as a consequence 
of taking drugs that interfere with the function of acetyl-
choline in the brain, even though younger people can safe-
ly take the drugs.172

The use of anticholinergic agents as well as benzodiaze-
pine drugs can increase the risk of dementia. Benzodiaze-
pines, which include psychoactive drugs such as diazepam 
and alprazolam, pose a special risk for the production of 
cognitive impairment in older persons. Benzodiazepines 
produce dependence and impair memory, attention, and 
motor abilities. They also increase accident rates and mor-
tality. Some benzodiazepines have a slow half-life and 
 toxic blood levels can easily be reached when they are 
 taken every day (see Case Study 4).

The risk that a person is not taking their medication 
properly is about 30 percent when they are taking one 
drug. If they take ten drugs, the odds are well over 90 per-
cent that they are not taking them properly (poor compli-
ance). This is an enormous cause of illness, disability, and 
death worldwide.

It’s extremely important for people to discuss drugs 
and the potential for drug interactions with their doctor. 
When taking medications, it’s also important to do it as 
prescribed. If a drug is designed to be taken with food, it 
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is more likely to have side effects and not be effective if 
it is taken on an empty stomach. People need to educate 
themselves about the drugs they’re taking and ask ques-
tions when uncertain.

People need to educate themselves about the 
drugs they’re taking and ask questions when 
uncertain.

The significance of interactions of bodily systems in 
aging is well illustrated regarding drugs. Older people 
experience  reductions in all these areas: muscle mass, 
blood volume, plasma proteins, liver function, cholinergic 
neurons, cerebral blood flow, lung capacity, cerebral me-
tabolism, diversity of gut bacteria, and kidney function. At 
the same time, they also have alterations in drug distri-
bution and metabolism. Gut bacteria play important roles 
in  metabolizing drugs, as well as influencing their absorp-
tion. In addition, alcohol intake can also influence drug 
absorption as well as metabolism.

Older people have a heightened baseline risk of altered 
heart rhythm from medications, as well as central nervous 
system complications and drug interactions. The binding 
of drugs in the blood may also be impaired, as well as the 
reduced breakdown of the drug by the liver, kidney, and 
the microbiota. And at the same time, older people are of-
ten taking many drugs that interact with each other  for 
absorption, metabolism, and mechanism of action.

It is particularly critical for all medications to be re-
viewed regularly. Many people are taking many drugs they 
no longer need. It is a responsibility of the physician at each 
visit to review all medications. Unfortunately,  physicians 
may not look at the medication list. Or the physician may 
feel that they can’t review drugs prescribed by a  specialist 
in a different discipline.
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Many people are taking many drugs they no 
longer need.

It is important to recognize that many drugs cannot be 
discontinued suddenly but must rather be tapered  slowly. 
It is necessary to pay attention to expiration dates of drugs 
because, with time, they may become inactive and, on 
 occasion, develop new toxic features.

The evaluation of new drugs can be difficult. Drug com-
panies have a complex and conflicted relationship with 
the regulatory agencies and their committees. There are 
also frequently conflicts amongst drug study investigators, 
drug companies, and medical journals. Because of these 
complexities, it can be difficult for physicians to evaluate 
the safety, efficacy, and cost-effectiveness of new drugs. It 
is best for people to read about the medications they’re 
taking and talk to their doctor and, if necessary, the drug 
companies, to have their questions addressed. If your doc-
tor is not happy with you asking detailed questions about 
drugs you’ve have been prescribed, find another doctor.

Cost is certainly an important consideration. In general, 
generic drugs cost less and are equally safe and effective 
as those still under patent protection. It is not uncom-
mon for a new drug to be considerably more expensive 
than a generic version or a different lower-cost drug, even 
though the new drug is not significantly better. It’s good to 
be  cautious about new drugs promising to alleviate many 
problems. As they say, the devil is in the details. Too often, 
drug companies make it difficult to understand the details 
 involved.

In considering the use of new drugs, it is worthwhile to 
be aware of another source of bias. Because of the need 
to be relieved of disease, and the suffering experienced, 
we may all have our judgment clouded by bias toward 
 favorable expectations. This bias is difficult to remove but 
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can best be dealt with through an awareness that our judg-
ment may be influenced by this prejudice.

Many drugs and supplements are sold because of false 
claims of beneficial effects on memory. So-called nootrop-
ic agents, which claim to enhance cognition, attention, 
and memory, have been tested and do not work. Ginkgo 
has been tested for Alzheimer’s disease and found not 
to enhance performance. Fish oil supplements have also 
been found to have no significant effect on cognition. Pre-
vagen is another agent sold as a dietary-supplement mem-
ory aid, which has not been demonstrated to be effective 
in clinical trials. Many similar substances are likely not to 
enter the brain well or be absorbed in the stomach. The 
purported “active ingredient” of Prevagen is apoaequor-
in, which is extracted from jellyfish. It is not known if the 
compound enters the brain. Prevagen has been advertised 
heavily as originating from jellyfish, as if we all know the 
long list of effective jellyfish-related products (I am not 
aware of them). It claims to be the No. 1 pharmacist-rec-
ommended agent for memory enhancement. I made sever-
al calls to the manufacturer of Prevagen and was not able 
to speak with someone to answer my questions: What is 
the half-life of apoaequorin in the blood? Does it enter the 
brain? How many pharmacists were involved in reporting 
their No. 1 ranking?

In a 2020 legal settlement, Quincy Bioscience, the  maker 
of Prevagen, agreed “to resolve the claims that it misrep-
resented its Prevagen products as supporting brain health 
and helping with memory loss.”

Vaccines

It is important to be properly vaccinated against infectious 
diseases. Many vaccines need to be regularly updated. The 
risk of infectious disease is considerably higher in older 
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compared to younger persons. Vaccinations are an excel-
lent way to enhance our physical reserve factor through 
immunological mechanisms.

Covid-19 has a significantly higher rate of serious illness 
and death in older persons. The Covid-19 vaccines that are 
now administered worldwide are highly effective and safe. 
Herpes zoster (also known as shingles) is a debilitating and 
painful condition that may be chronic. The opportunity to 
prevent or diminish its severity should not be lost. There-
fore, everyone over the age of 50 or 60 should have the 
new herpes zoster vaccine (Shingrix), which significantly 
diminishes the occurrence and severity of herpes zoster 
infections. (Persons who are immunosuppressed, have 
HIV/AIDS, are receiving radiation, chemotherapy, or have 
hematological illnesses may not be suitable for the herpes 
zoster vaccination.)

Infectious conditions which can be avoided with the 
help of vaccines include the following: Covid-19; hepatitis 
A and B; herpes zoster (shingles); influenza (seasonal flu); 
measles; meningococcal meningitis; mumps; pneumo-
coccal pneumonia; and tetanus, diphtheria, and pertussis 
(vaccines usually administered together).

Understanding Research

In the words of Louis Pasteur, the French chemist and dis-
coverer of the germ theory of disease:173

Preconceived ideas are like searchlights which illumine the path 
of the experimenter and serve him as a guide to interrogate 
nature. They become a danger only if he transforms them into 
fixed ideas. This is why I should like to see these profound words 
inscribed on the threshold of all the temples of science:  “The 
greatest derangement of the mind is to believe in something be-
cause one wishes it to be so.”
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We live in a remarkable time where information is free 
and immediately available. But much of this information is 
wrong. This includes tweets, Facebook postings, YouTube 
videos, as well as articles published in peer-reviewed sci-
entific literature. This is an especially important  problem 
in the area of Alzheimer’s disease because it is a subject of 
great public interest. Thus, journalists are eager to run sto-
ries about new approaches to the disease. Many  reporters 
elevate the importance of new studies even when those 
studies have not been well documented or repeated. 
 Scientists are at fault too. Some researchers feel the pres-
sure to publish before others. This leads to the publication 
of premature and incomplete results that often cannot be 
replicated, which is key to showing that an alleged finding 
is true.

What is important is to have a high degree of 
suspicion and evaluate evidence, not  anecdotes.

There are no simple answers to this problem. Certainly, 
articles published in peer-reviewed scientific journals are 
more reliable than those reported in newspapers, maga-
zines, and shared on social media. What is important is 
to have a high degree of suspicion and evaluate evidence, 
not anecdotes. Assessing evidence is made more difficult 
by the understandable need to find solutions. Appreciat-
ing the presence of this form of bias is necessary, so that 
reasonable judgments can be made. In evaluating press re-
ports, find out where the work was done and what is the 
evidence. If the new approach is said to be applicable to 
all human conditions (aches and pains, impotence, hair 
growth, etc.), it probably isn’t valid. If there are no side 
effects and it’s 100 percent safe, it’s likely 100 percent 
 ineffective.
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Research Registries and Trials

Participation in research registries or trials can be of great 
value to patients. The best example is the drug zidovudine, 
the first effective antiretroviral medication for the treat-
ment of HIV/AIDS. The drug was first described in 1964 
but was not approved by the US Food and Drug Admin-
istration until 1987. Before its approval, the only people 
able to receive this effective agent were those in clinical 
trials. By participating in clinical trials, patients may have 
an  opportunity to receive an effective medication several 
years before it is available to the public.

Clinical trials evaluating the effect of drugs that are 
designed to improve performance or modify disease pro-
gression in Alzheimer’s disease have been under way for 
several decades. Unfortunately, nearly all trials in the 
past decade or so have not helped bring forth an effective 
remedy. Several trials have focused on removing amyloid 
plaques in the brain through immunological mechanisms. 
These studies have been successful in modifying the tar-
get molecules. However, there has not been significant im-
provement in the lives of people. In some cases, patients 
with Alzheimer’s disease participating in studies have suf-
fered significant complications in research trials.

Hopefully, new studies will identify agents that are able 
to modify the onset and progression of neurodegenerative 
diseases. A wide array of new approaches to Alzheimer’s 
disease treatment is now being pursued. There is consid-
erable work under way on the use of drugs, antibiotics, 
antibodies, vaccines, prebiotics, probiotics, and medic-
al foods that can alter the microbiome to impair disease 
 mechanisms.

It is important to consider that participants in research 
registries may have an opportunity to receive truly effect-
ive agents before government approval. When an effective 
drug is developed, the first people to get it will be those 
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participating in a clinical trial. Others may need to wait 
three or four years before it is approved and becomes wide-
ly available (assuming of course that the agent is found 
to be effective). It may be many years before such a truly 
effective drug is discovered, but it is impossible to know 
when this will happen. Participation in research registries 
in clinical trials is completely voluntary and should be at 
no cost. Subjects can resign from a trial at any time. It’s im-
portant to remember that participants in clinical trials are 
taking an unproven drug that may not help.

Research on age-related diseases such as Alzheimer’s 
disease has largely depended on experiments involving 
 laboratory animals. Many interventions that work well on 
lab mice don’t work on humans. Several treatments involv-
ing cooling and medications have successfully minimized 
the effect of head and spinal cord injury in mice, but not 
in humans. Notably, mice live only one to two years, so we 
shouldn’t be surprised if a disease in mice doesn’t com-
pletely mimic human conditions. We must appreciate that 
studies of human aging take a long time.

There’s also an overwhelming bias in science to create 
experiments using simpler models. The interest in smaller 
and smaller organisms and cells and molecules has got-
ten a bit out of control. It can be difficult for researchers 
studying human subjects to compete for grants and publi-
cations with scientists studying animal models.

The value of animal models must be recognized but the 
focus must remain on human problems. After all, most US 
scientists studying aging-related disorders obtain funding 
from the National Institutes of Health, and not from the 
NIMB (the National Institute of Mouse Biology). (No, such 
an institute does not actually exist.)

A key word, once more, is diversity. Difficult  scientific 
problems require diverse approaches. Frequently, molecu-
lar mechanisms can be studied in animal or cellular mod-
els that cannot be investigated in human subjects now. 
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Artificial intelligence is advancing very quickly to develop 
the ability to use computer modeling to complete investiga-
tions that would have required animal studies in the past. 
Great progress has recently been made with computer mod-
eling in understanding the way proteins fold into complex 
structures. This work will undoubtedly have a great impact 
on the development of drugs to treat age-related disorders.

Research in animals requires consideration of the as-
sumptions that are made. After all, mice are not little men 
in white fur suits. However, about 85 percent of the genes 
in mice are similar to those in humans and the basic bi-
ochemistry concerning glucose metabolism and neuro-
transmitters are similar. Fruit flies (Drosophila melanogaster) 
are exceptionally simple organisms but their biological 
processes model those of humans very precisely. Six Nobel 
Prizes have been awarded for research on these animals. 
Seventy-five percent of the genes responsible for human 
diseases have similar genes in flies. In 2021, I worked on 
fruit fly models of amyotrophic lateral sclerosis (ALS) with 
colleagues in Kyoto, Japan. We studied the effects of expo-
sure to bacterial products on the signs of the disease in the 
flies. This research is under way at the time of this writing.

George E. P. Box, a British statistician, is quoted as saying 
“All models are wrong, but some are useful.” This seems to 
me to be very apt.
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It is important to avoid injuries at all stages of life. Older 
people are at a relatively higher risk of  developing inju-
ries as well as dying from injuries, compared to younger 
people. Falling is an important cause of death amongst 
older persons. The risk of hip fracture increases exponen-
tially with age in both men and women. It is reported that 
30% of people with a hip fracture will die in the following 
year.174 Dietary measures to reduce the risk of osteoporosis 
may help. Physical exercise can also build stronger bones 
and muscles.

Driving is important for functional independence and 
development and the maintenance of social relationships. 
However, older people with or without dementia may de-
velop impaired driving performance. Research from our 
group at the National Institutes of Health and others has 
shown that many older persons and those with cognitive 
impairment often do not stop driving until they have had 
a crash. Cognitively impaired persons may have particu-
lar trouble with turns against traffic, because that task in-
volves an assessment of the speed of oncoming traffic. It 
is a good sign that a person should stop driving if a family 
member is afraid to be in the car with the older driver. It is 
wise to drive with the person to assess their function and 
also to discuss the matter with a physician. If you are in 
doubt about a driver’s ability to navigate a vehicle safely, a 
formal driving evaluation may be advisable.

Other hazardous behaviors worthy of concern include 
possession of guns, home repair, and lawn  mowers. Healthy 
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people in the United States frequently have  accidents 
with guns without having sensory changes with aging or 
 cognitive impairment. The presence of cognitive impair-
ment can certainly alter a person’s ability to safely handle 
a firearm. Also, power tools such as lawn mowers may be 
dangerous machines if misused.

Trauma

The danger of cumulative and repetitive trauma to the brain 
has been known for many years. In the 1980s, scientists 
learned that head injuries double the risk of  Alzheimer’s 
disease.175 In recent years, a dangerous, new result of head 
injury has been identified: chronic traumatic encephalop-
athy (CTE). This new condition is discussed in Chapter 7. 
Research led by Dr. Anne McKee and colleagues at Boston 
University has shown that both professional and college 
football players are at high risk for CTE.78

The human brain is not well protected from damages 
inflicted by physical forces. The best way to summarize the 
danger of head injuries is to say all injuries to the head 
are bad, including big ones and repetitive small ones. It is 
not only large injuries resulting in unconsciousness that 
are bad for the brain. The lingering effects of head injur-
ies such as CTE include cognitive impairment, depression, 
irritability, loss of motor function, and, at times, suicide. 
CTE is currently untreatable and difficult to diagnose. It is 
reasonable to suggest that humans shouldn’t participate 
in sports or activities associated with damage to the brain. 
It is certain that head injuries impair cognitive reserve and 
enhance the chance of cognitive losses with aging.

It is certain that head injuries impair cognitive 
reserve and enhance the chance of cognitive 
losses with aging.
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A reasonable goal for all persons, young and old, is to 
avoid all head injuries, both big and small. There are many 
sports to choose from that have a low risk of head injury. A 
neurosurgeon colleague who is fond of American football, 
and an advisor to an National Football League team, once 
told me that contact sport “builds character.” I don’t deny 
that, but there are many ways to build character without 
irrevocably damaging the most delicate and critical part of 
one’s body. Encourage your children and grandchildren to 
play sports with little risk of head injury.

The popularity of American football shows that the 
 importance of brain health is not properly recognized. It 
is well known that small and large injuries to the head in 
American football damage the central nervous system and 
lead to serious consequences, as noted above. This lack of 
appreciation for the work of the brain may be because its 
contribution to our daily lives is largely invisible. We can’t 
see  how it’s working. Of course, our experience of our 
daily lives is a manifestation of the brain’s work, but this 
perspective is not widely appreciated. While visiting the 
United Kingdom, I saw a sticker on a motorcycle proclaim-
ing, “Brain is Optional.” I wish I’d had an opportunity to 
ask the motorcycle’s owner about how he managed to ride 
without contributions from his brain.

While watching television one day, I stumbled upon 
the PBR channel. PBR is short for Professional Bull Riding. 
 After climbing on top of an unhappy bull inside a pen, 
handlers open the pen and the bull darts into a dirt arena 
and begins bucking. The goal of the rider is to stay on top 
of the bull for eight seconds. Of course, at the end of eight 
seconds the bull does not stop to allow the rider to gen-
tly descend. Rather, the animal keeps working to send the 
 rider to the ground.

Most of the riders wore cowboy hats, not helmets. Then 
I saw a rider with a helmet, and the announcer said, “It’s 
good to see this rider back again. He had a head injury last 
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year and has made the slow recovery but we’re glad he’s 
back on the bull. That’s why he’s wearing a helmet.”

I found it hard to believe that I was hearing an apology 
for a bull rider to be wearing a helmet, as if it’s not some-
thing any sane person should do while riding a bull. In any 
case, this bull had a novel movement that quickly smashed 
the rider’s head into its horns. The rider lost consciousness 
and was hurtled to the ground. As he was taken off in a 
stretcher, the announcer said, “That’s really too bad, that’s 
not the kind of injury we like to see.” What injury would 
they like to see? Well, that was left to the imagination.

Older people experience pathological changes to the 
spinal column in both the neck and the lumbar regions, 
as they age. This is produced by degenerative changes in 
the joints between the vertebrae in the neck and the low-
er spine with damage to cartilage. In most people, these 
changes do not cause serious symptoms or disability. 
However, some activities can cause problems to develop 
because of these age-related changes within the skeleton. 
Thus, older people should avoid carrying exceptionally 
heavy objects or lifting objects using their back instead of 
leg muscles.

Furthermore, important blood vessels travel through 
the cervical spine in the neck to reach the brain. Flow in 
these vessels is impaired by prolonged extension of the 
head, which is what happens when you tilt your head 
back and look up. These vessel changes can cause dizzi-
ness, vertigo (the sensation that the room or you is moving 
when it’s not) and also fainting, falling, or strokes. Older 
 people should not hold the head tilted back in this manner 
for longer than a few seconds. Activities to avoid include 
painting the ceiling, changing light bulbs, cleaning Vene-
tian blinds, placing objects or retrieving objects from high 
shelves, using a ladder, and similar activities. Don’t store 
your brown rice, dates, almonds, and whole wheat flour in 
a high cabinet requiring you to use a step stool to reach it. 
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Instead, store these items in a low cabinet that is easy to 
reach (hopefully frequently!).

Manipulations involving the neck can also cause block-
age of the small important blood vessels that  travel 
through the neck bones. For this reason, I recommend 
that chiropractic care be avoided because of the danger of 
damage to these vessels and potential stroke.176
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Because their multiple reserve factors are typically lower, 
older people are more sensitive to the toxic effects of envir-
onmental agents. The liver’s ability to detoxify chemicals 
declines with age, as well as the ability of the kidney to 
excrete toxins. Everyone, especially the aged, should lim-
it exposure to environmental toxins as much as possible, 
including air pollution, solvents, heavy metals, pesticides, 
herbicides, and other dangers. Exposure to toxins early 
in life may lower a person’s physical reserve and result in 
cognitive impairment with aging. Exposure to pesticides 
and other toxins has been linked to Parkinson’s disease.

Air pollution is also a risk factor for dementia. Particles 
in the air can enter the central nervous system through 
the olfactory nerves or through the blood–brain barrier 
and harm neurons and supporting cells. A study of 18,000 
participants in the United States showed an association of 
air pollution with Alzheimer’s pathology in the brain.177 
Considerable evidence shows that smoking increases the 
risk of cognitive impairment, stroke, and Alzheimer’s 
disease, not to mention heart disease and cancer.178 Tox-
ic molecules can also be found in plastics. It is advisable 
to avoid microwaving food in plastic containers – glass is 
preferable.

In the 1980s, scientists wondered whether aluminum 
poisoning caused Alzheimer’s disease. This proposal has 
been widely rejected. I saw a patient with motor neuron 
disease in the 1990s. He worked in a plant, pouring molten 
aluminum. A brain biopsy was done in order to measure 
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the aluminum content in his brain. The biopsy was done 
with a plastic knife to diminish contamination of the brain 
specimen. These was no aluminum found in his brain, des-
pite his high exposure.

The evolutionary aspects of toxins are of interest here. 
Lead is poisonous even in small doses, probably because it is 
present in very low amounts in the environment. Therefore, 
our ancestors didn’t have the opportunity to develop ways to 
protect themselves from lead poisoning because they were 
not exposed. Aluminum, on the other hand, is the third 
most abundant molecule in the Earth’s crust and the most 
abundant metal. However, it is highly toxic to the brain, and 
our ancestors, going back millions of years, had to develop 
effective ways to protect themselves from aluminum. There-
fore, it is not necessary to replace aluminum pans in your 
kitchen.

Mercury is toxic to the brain and should certainly be 
avoided. However, there is no evidence that dental fillings 
containing mercury are hazardous to our health.

Alcohol

Excessive alcohol intake can damage several parts of your 
body and your physical reserve. It can also impair your 
cognitive reserve through impaired memory and learning. 
 Alcohol abuse can lead to depression and poor psycholog-
ical reserve, with loss of friends causing impaired social 
reserve.

What are the negative effects of alcohol on the body? It 
is a long and significant list, which includes, among others:

• direct toxicity to neurons,
• acutely and chronically diminished cognitive function,
• impaired balance and judgment,
• gastrointestinal bleeding,
• increased risk of intracranial hemorrhage,
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• liver damage,
• injury to nerves in the leg and arms,
• injury to the cerebellum affecting walking and coordi-

nation,
• seizures,
• head injuries,
• trauma from falls and accidents,
• impairment of the immune system,
• colorectal cancer,
• altered absorption and metabolism of drugs, and
• decreased amount and quality of sleep.

An important consideration is that alcohol is metabolized 
largely by the liver and the function of that organ declines 
with age. A person who has been drinking 8 ounces a day 
of bourbon for many years and reaches the age of 80 may 
develop cognitive impairment from this amount of alco-
hol intake, even though he has been using it for many 
years without any negative effects. His 80-year-old liver 
may no longer be able to adequately metabolize alcohol 
and blood levels may have been rising as this lack of physi-
cal reserve developed. People who consume large amounts 
of alcohol or who are malnourished may be susceptible to 
thiamine (vitamin B1) and other vitamin deficiencies. This 
can cause acute onset of severe cognitive impairment, 
 dizziness, visual changes, weakness, loss of consciousness, 
and death.

There are studies indicating that a moderate dose of 
 alcohol may be protective against development of demen-
tia with aging. But don’t overdo it. It is important to be 
aware of how much you are drinking. People over the age 
of 60 shouldn’t drink more than two doses of alcohol per 
day for men and one for women. One dose would be about 
12 ounces of regular beer (about 5% alcohol), 5  ounces of 
wine (about 12% alcohol), or 1.5 ounces of distilled  spirits 
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 (whisky, gin, bourbon, vodka, tequila, rum, about 40% 
 alcohol).  Remember that many wine glasses will not be 
filled halfway by 5 ounces of wine.

Studies show that more than one-third of drinkers over 
the age of 60 drink too much alcohol. Drinking too much 
on a daily basis is certainly to be avoided. It is also danger-
ous to consume too much on certain days (binge drinking). 
Beer and wine are not safer than other forms of alcohol – 
what is important is the dose of alcohol consumed.

Because of the general widespread negative effects of 
 alcohol abuse, it’s not recommended that people who do 
not drink should start drinking.
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Worldwide Aging

Important global changes in the human aging are devel-
oping rapidly. Human life expectancy has doubled during 
the past century. Due to advances in public health, vac-
cines, and science, people are living longer. In Japan, in 
2019, one in four of the population was aged over 65 years, 
marking a record high, and there are more elderly people 
than children. The Japanese bought 2.5 times more adult 
diapers than infant diapers in 2021. In the United Staes, 
16 percent of the population are over the age of 65 and 
this percentage is expected to increase as people live long-
er and younger adults choose to have fewer children or no 
children at all.

The increase in the elderly population is happening in 
varying degrees all over the world. This expansion will cause 
enormous stress on global economies because of the need 
to support retired people, as well as the age- relatedness 
of diseases of the brain and body. Although heart dis-
ease and cancer rates are falling, Alzheimer’s disease is 
 increasing because of its strong link to aging and the lack 
of  disease-modifying therapies. (People are living longer, 
which increases the number of people with  Alzheimer’s 
 disease. The disease is decreasing if  corrected for the 
 increase in the number of people at risk, see  Chapter 5.)
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Public Policy and Aging

It is important to consider what can be done about the ex-
pansion of aged populations. The framework of the four 
reserve factors is a valuable way to envision responses. 
If every  aged person were provided funds from the gov-
ernment to support education and activities to enhance 
 development of cognitive, physical, psychological, and 
 social reserves factors, healthcare costs would decrease 
 significantly. Physical activities serve to enhance brain 
function as well as to reduce the risk of heart, lung, and 
other diseases associated with aging. Government policies 
to  enhance prospects for physical and cognitive activities 
for older people are needed worldwide along with pro-
grams to enhance healthy diets. Community and political 
actions are needed to increase opportunities for mental 
and physical activity throughout life. Social engagement 
of older persons, including intergenerational relation-
ships, must be facilitated.

A forward-looking approach to healthcare will 
provide resources to people throughout life 
to keep them healthy and enhance their four 
 reserve factors.

A  forward-looking approach to healthcare will provide 
resources to people throughout life to keep them healthy 
and enhance their four reserve factors. This is ethically and 
economically preferable to a healthcare system which only 
takes care of people when they’re sick and doesn’t strive 
to prevent illness. An excellent example is the value of edu-
cation, which is protective against many illnesses. That is, 
people who are relatively more educated have a lower risk 
of Alzheimer’s disease, heart disease, and many forms of 
cancer. Lifelong education has bountiful beneficial effects 
on health and healthcare expenses. It’s also valuable to  offer 
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free public transportation to older people, which  enhances 
their access to stimulating activities. In Japan, China, and 
the Netherlands, many older people use bicycles to get 
around with the assistance of bike lanes. Encouraging phys-
ical activity is an outstanding public health measure.

Public policy can improve diets with resultant improve-
ment of the microbiota. Taxes and cost controls can en-
hance the consumption of whole-grain flour, brown rice, 
and other high-fiber foods (fruits, vegetables, legumes, 
nuts). Policies can also work to diminish the consumption 
of sugar, sodas, red meat, sports drinks, processed food, 
and fast food as well as artificial sugars, flavors, and color-
ings. Such policies will certainly be attacked in the United 
States as being a manifestation of government overreach. 
However, procedures are already in place in many regions 
to use the government to influence what people eat (exam-
ples include price supports, fortification of milk with vita-
min D, import restrictions, Japanese government support 
of rice production, US support of corn). Why not go even 
further to promote healthy eating of fruits, vegetables, and 
the drinking of  water, not soda? Government  policies also 
 influence pesticide exposures, as well as air and water pollu-
tion, which have negative influences on health and the mi-
crobiome, and enhance the risk of Alzheimer’s disease. It’s 
also helpful when restaurants make dietary  information, 
including fiber content,  available to customers.

As we have discussed, lifestyle factors influence health 
at all stages of life. Childhood is the best time to begin 
the beneficial habits of diet and exercise. Physical educa-
tion should encourage children to participate in lifelong 
healthy sports such as running, walking, swimming, and 
tennis.118 Many popular sports can’t be played past middle 
age. Only eight in 10,000 high-school football players pro-
gress to the National Football League. Few people continue 
to play basketball into their 30s. The risk of head injury is 
another important matter (discussed in Chapter 7).
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Personalized Medicine and Genetics

It is valuable for public health for persons to have the 
knowledge about their disease risks. The use of genetic 
 information to assist in medical care has been called “per-
sonalized medicine” by Francis Collins, director of the US 
National Institutes of Health.179 This is a valuable devel-
opment with great promise. However, I object to the idea 
that personalized medicine requires genetic information. 
Personalized medicine is what every doctor should have 
been doing for the last several hundred years!

Physicians should know who the patient is in 
order to evaluate what’s wrong and determine 
what the plan is for treatment.

Physicians should know who the patient is in order to 
evaluate what’s wrong and determine what the plan is for 
treatment. Hippocrates said, “It is more important to know 
what sort of person has a disease than to know what sort 
of disease a person has.” There are certainly times when 
genetic information helps. But knowledge of a patient’s 
interests, capacities, and preferences is available now and 
is necessary for high-quality patient care.

Within the next 10 years, it’s likely that sequencing of 
the entire genome of each patient will be routinely ac-
complished (whole-genome sequencing). The endeavor is 
called genomics. This will help with diagnosis, manage-
ment, and evaluation of risks of disease. Genotype infor-
mation can also help with understanding complexities 
of medication sensitivity and toxicity. Whole-genome 
 sequencing will allow for an assessment of risk genes that 
have both large (such as apolipoprotein E, see Chapter 11) 
and small  effects. This polygenic (multigene) risk  hazard 
analysis may predict the occurrence of disease as well 
as the age of onset. The information provided by such a 
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 report will be hard for many people, including physicians, 
to comprehend.

It’s worrisome that people are embarking on genetic 
testing that provides complex reports they can’t under-
stand. This is already true for many current genetic tests. 
Also, genetic testing may reveal evidence of a disease risk 
that can cause unnecessary anxiety. (This is also discussed 
in Chapter 11.) Education of the public and medical care 
providers about these developments is critical.

Genetic information that predicts the disease risk may 
help to motive people to eat better and to exercise.  However, 
people at low genetic risk for Alzheimer’s or  Parkinson’s 
diseases can still get either disease. Just because you’re at 
low genetic risk doesn’t mean you won’t get the disease. 
Being a “couch potato” will definitely increase your risk 
of heart disease, stroke, Alzheimer’s disease,  Parkinson’s 
 disease, and other things.

Metagenomics

Information about the genetics of our microbes (metagen-
omics) will also be available to us in the near future.  Science 
has shown us that every human is home to an ecosystem 
for countless microbial species. A new word has been 
coined to describe this ecosystem: a “holobiont,” meaning 
the congregation of a host as well as other species living in 
and around it that together form a discrete biological unit. 
This amounts to a revolutionary change in our concept of 
the nature of our existence.

It may become routine that information about  microbial 
DNA in the gut, including the mouth (the metagenome), 
will be tested. Similarly to whole-genome sequencing of 
a person’s DNA, a report of the microbial DNA will be 
difficult to interpret by many people, including doctors. 
Abnormal microbiota in the mouth may be detected with 
a breath test, and urine tests for abnormal organic acids 
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and assays for endotoxins (bacterial products) may help us 
understand the health of each person. Biotech companies 
are working on products designed to impact the produc-
tion of trimethylamine by gut bacteria, to lower the risk 
of heart disease and perhaps Alzheimer’s disease.75 These 
therapeutic molecules as well as live bacteria (probiotics) 
are being designed to act only in the gut and not enter the 
bloodstream, so the risk of side effects should be low.

Drugs targeting human brain disease may de-
rive therapeutic effects through their influence 
on the gut bacteria.

This approach to treatment and prevention of disease is 
revolutionary. Drugs targeting human brain disease may 
derive therapeutic effects through their influence on the 
gut bacteria. That is, new compounds for brain disorders 
may not need to enter the brain or cross the blood–brain 
barrier or enter the bloodstream. They may be effective 
through their actions on gut bacteria and their metabo-
lites. A good example of this is the ability of polyphenols 
to inhibit amyloid aggregation in intestinal bacteria.180 
Fecal microbiota transplants are being developed with 
 defined populations of bacteria, removing the need to use 
a  human donor.181

Research is under way worldwide to develop precise-
ly targeted populations of bacteria for use as probiotics. 
Also, prebiotic products to enhance the growth of helpful 
bacteria are being advanced and gut microbes are being 
studied as a source of drugs. Remember that many anti-
biotics are made by microorganisms, such as penicillin. 
The antibacterial actions of these microbial products 
are being studied as therapies for infectious diseases, in 
view of the rapid advance of antibiotic-resistant microbes 
 worldwide.
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As we have discussed, diet is key to health, not only be-
cause of the influence of diet on our bodies but because 
of its influence on our microbial inhabitants. It has been 
discovered that the effects of diet on our microbiota vary 
from person to person. Work is under way to develop per-
sonalized analytical methods to take this variation into 
account when giving dietary advice. It’s likely that you’ll 
soon be able to receive “personalized nutrition” advice, 
suited specifically to you.

Diagnosis

In recent years, there have been big advances in neuroim-
aging diagnosis of neurodegenerative diseases. Positron 
emission tomography (PET) scans can now detect signs of 
Alzheimer’s disease using studies of glucose metabolism, 
cerebral blood flow, amyloid-beta and tau deposition, and 
white matter tract analysis. Early signs of Alzheimer’s dis-
ease can now be detected 10 to 20 years before outward 
signs of the disease. Recent studies have shown a molecule 
in the blood from the brain of people with Alzheimer’s dis-
ease that is highly specific and sensitive for the diagnosis.182 
Testing of similar molecules in the cerebral spinal fluid is 
also helpful. Another new development is skin  biopsies, 
which are being used to detect Parkinson’s disease.

An important issue in these studies is that the brain 
changes associated with these diseases can be detected 
many years before the first symptom. For example, about 
one-third of people over the age of 65 who are cognitive-
ly intact have a pattern of amyloid deposits in the brain 
associated with Alzheimer’s disease.183 This can now be 
detected through PET scanning. This may indicate that 
they will progress to develop dementia if they live long 
enough. However, we cannot determine when that will be 
and many persons with signs of Alzheimer’s disease in the 
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brain may die of other things before development of cog-
nitive impairment. In the absence of an effective therapy, 
I question whether these tests are of clinical value, as they 
may cause unnecessary worry, and the recommended life-
style actions are well known to be protective against heart 
disease and stroke. And even if genetic, blood tests, and 
brain imaging show that a person is at low risk of Alzheim-
er’s disease, it is still important to have a healthy diet and 
exercise.

Consider a 70-year-old man with mild memory prob-
lems who has an amyloid PET scan showing the presence 
of amyloid deposits in the brain. This could be because 
the disease is beginning to establish itself in his brain 
and if he lives to be, say, 87 years old, he will develop 
cognitive impairment. However, most 70 year olds don’t 
live to be 87, and it will be unfortunate if that person is 
told at the age of 70 that he has Alzheimer’s disease and 
worries about it for the rest of his life but never develops 
dementia. The information from the scan or blood test 
may cause unnecessary stress. The reason for his memory 
problems at the age of 70 may be the result of something 
else entirely. Furthermore, most persons with signs of 
developing Alzheimer’s disease in the brain who do not 
have cognitive impairment will die before they develop 
dementia.60,183

Furthermore, most persons with signs of devel-
oping Alzheimer’s disease in the brain who do 
not have cognitive impairment will die before 
they develop dementia.

I believe the value of a diagnostic test is determined by 
whether it helps the patient or not. In the absence of a 
cure or really good treatment, the knowledge that a neuro-
degenerative process is under way may not have value and 
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may, in fact, have negative consequences. This is  especially 
true for people with the early signs of Alzheimer’s disease 
found in the brain who will not live long enough to de-
velop cognitive impairment. The situation will be different 
when there is a preventive or disease-modifying therapy. 
When that happens, it will be critical for presymptomatic 
testing to take place. so that people found to have signs in 
the brain for the disease can be properly treated. At the 
moment, such a treatment doesn’t exist.

Artificial Intelligence

Due to great technological advances, artificial intelli-
gence applications are already being developed for human 
health. Artificial intelligence is now being used as an aid 
to the interpretation of imaging studies.  In some cases, 
it’s been shown to be superior to the radiologist’s assess-
ment. Computer applications will be valuable in assisting 
the patient–doctor interaction. A network-linked camera 
in the office can evaluate a patient’s speech, gait, and ap-
pearance, and may also help in diagnosis and disease man-
agement. Ideally, computer systems will be unified so that 
all of a patient’s records will be available to every medical 
provider. I’d also like to see artificial intelligence devel-
oped to help physicians to be aware of a patient’s activ-
ities, medication use, and diet.

In 2020, about 45 percent of the world’s population 
owned smartphones. These phones and other wearable de-
vices can be adapted to detect changes in voice, physical 
activities, and sleep cycles. Touch screens can assess motor 
function and can be adapted to measure heart function. 
Smartphones may help evaluate sleep, depression, and 
Parkinson’s disease. A 2020 study used facial recognition 
technology to reliably identify political orientation.184 If 
the technology can do that, it should be easier for software 
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to assist doctors in diagnosis based on facial imaging and 
an evaluation of whole-body movement.

Enhancement of the four reserve factors can be 
aided by artificial intelligence.

Enhancement of the four reserve factors can be  aided 
by artificial intelligence. It is already happening that in-
teractions between humans and robots are becoming 
 alternatives to human-to-human interactions. Robotic pets 
have been developed, such as a small stuffed toy dog that 
can be held in the lap and smile as it is patted. It will be 
critical for the developers of these devices and programs 
to appreciate the complexity of use for people with  limited 
computer experience. Computer applications can also 
augment  opportunities for social interactions of older peo-
ple, aiding social reserve. The use of computers to develop 
friendships should not be limited to the young!

There has been an enormous advance in opportunities 
for interfaces of people with machines to provide com-
plex cognitive stimulation, aiding cognitive reserve. These 
avenues are particularly important for older people with 
limited mobility. It will be critical that advances are made 
in the accessibility of these resources to people with limit-
ed mobility, sensory deficits, and cognitive impairment. 
Voice recognition software will be helpful to allow partici-
pants to access computer resources without knowing how 
to move a mouse or select a computer program.

Consider an  activity room in a nursing home today. 
It’s likely there are a group of residents sitting in chairs 
with a television broadcasting soap operas or game shows. 
This activity provides no opportunity for participation 
or interaction. Ideally, people working at the facility 
would know that one of the residents living there had 
been, for  example, an oil painter and is able to provide 
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an  interactive visit for residents to the Portrait Gallery or 
the British Museum in London. Computer applications for 
the home, assisted- living facilities, and nursing homes can 
foster cognitive and physical stimulation that benefits all 
four of the reserve factors. However, the uses of technol-
ogy must adapt to the special needs of the elderly. There 
is a long history of technology ignoring the need of people 
in this age group. For example, the size of letters in signs 
used in traffic control is based on the perceptual abilities 
of young people, not on the lower visual functioning of 
older  drivers.

Artificial intelligence will also be of value in dealing 
with polypharmacy (the use of many medications by one 
person). Automated drug delivery systems can be provided 
to assist the patient in taking their medications at the 
right time, in the correct doses. This information can be 
forwarded through the internet to family members and 
medical professionals. Activity monitors can assess physic-
al activity and forward data to caregivers and doctors.

It is hoped that advances in public policy and  technology 
will help us to enhance our reserve factors and help us to 
avoid disease and remain fit as we age.
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Our greatest freedom is the freedom to choose our attitude.
Viktor Frankl, in Man’s Search for Meaning

The word attitude has a variety of definitions. The Cam-
bridge Dictionary defines it as “a way of behaving that is 
caused by a feeling or opinion about something or some-
one,” while in the Oxford English Dictionary Online it is 
defined as a “deliberately adopted, or habitual, mode of 
regarding the object of thought.” However we choose to 
define it, our attitude is something we carry around with 
us at all times. As the psychiatrist Victor Frankl said, we 
can choose how we approach life.

Our attitude is determined in large part by the focus-
ing of our attention. If our attention is focused on losses 
and regrets, our attitude will be gloomy. If our attention is 
 focused on opportunities, such as the opportunity of aging, 
our attitude will be more positive. This is a fundamental 
daily choice. It’s necessary to appreciate that attention is 
the key to forming our attitude, not only experience. As 
noted in Chapter 15, William James asserted how  attention 
determines how our experiences are managed by the brain, 
stating “My experience is what I agree to  attend to.”135

If our attention is focused on opportunities, 
such as the opportunity of aging, our attitude 
will be more positive. This is a fundamental 
daily choice.

27 OUR ATTITUDE AND 
THE OPPORTUNITY 
OF AGING

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

The world we inhabit it too multifaceted for us to pro-
cess all possible perceptions. It is our attention which is 
critical for the quality of our experience. And the focusing 
of our attention determines the quality of our outlook on 
life, our attitude.

The importance of attention to our attitude and our 
 appreciation of life is illustrated by this question, “Why 
does time travel faster when we get older?” The perception 
of time is, of course, a neurological phenomenon, related 
to the sensory experiences of our daily lives. We cannot 
directly perceive the passage of time, as time is an abstrac-
tion. We do not perceive time; we perceive what goes on in 
time. Age-related declines in dopamine and other impor-
tant neurotransmitters may produce the feeling that time 
travels faster as we get older.185 It may also be that younger 
persons experience more novelty in daily life then older 
people. Each day is a smaller part of our life then previ-
ous days; one year is 10 percent of the life of a 10-year-old 
child, and 2 percent of the life of a 50-year-old adult. Con-
sider what happens when we travel; in a new location we 
encounter novel stimuli, which require more processing 
than the ones we have become accustomed to. Stimuli that 
are not changing or that are long-standing do not attract 
our attention. It’s not uncommon to feel that time is fly-
ing by when you are in a stable environment while on a 
trip you may have the impression that a week feels like a 
month.

The phenomenon that time travels faster when you get 
older is a reminder of the importance of novelty, diversity, 
and attention. If your daily life is consumed with watch-
ing reruns of television shows you have already seen, you 
are giving your nervous system few stimuli. But if you 
travel to a new place, you will encounter novelty. Travel 
is not the only way to experience novelty, of course. All 
learning is an exploration of novelty, and a diversity of 
experience enhances the resilience of the nervous system 
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(cognitive reserve factor) as well as the resilience of the 
other reserve factors.

The use of the power of attention is essential. The brain 
has a dedicated system for the direction and intensity of 
attention, which involves the frontal lobes as well as evo-
lutionarily ancient parts of the base of the brain, called the 
brainstem. However, all the four lobes of the cerebral cor-
tex are involved in attention, not only the frontal lobes. 
Our attentional capacity is so great because it is imperative 
for our survival, now as well as the ancient past.

Our attitude is determined by the object of our atten-
tion. And our capacity of paying attention can be exer-
cised and practiced every day, just as a pianist plays scales 
 regularly to keep skills active. The brain is not good at 
multi tasking and attention cannot be divided without a 
loss of quality. Presenting the brain with many undertak-
ings at once leads to an inability to focus on anything at all. 
Multitasking is based on the fallacy that your brain can do 
two things well at the same time. It cannot. All that is pos-
sible is to switch back and forth quickly, impairing perfor-
mance and creating the impression that you are doing two 
things at once. Proper attention is “single-minded.” That 
is, if you are listening to someone speaking, simply listen. 
Do not prepare to speak as you listen. If you are going for 
a walk outside, experience the world through your atten-
tion. Don’t occupy your mind with thoughts of regret, fear, 
and discontent. (And don’t use earphones on your walk to 
listen to a discussion of the latest political scandal.) As Wil-
liam James once said, “The greatest weapon against stress 
is our ability to choose one thought over another.”

Meditation is an excellent way to develop capacities for 
paying attention. Of course, it’s possible to exercise our 
attentional capacities at every moment, not only while 
meditating. Paying attention is an intrinsically joyful ex-
perience. Mountain climbers risk their lives on dangerous 
avalanche-prone slopes because of the joy experienced by 

C O N C L U S I O N S294

www.cambridge.org/9781009087742
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-08774-2 — Unaging
Robert P. Friedland 
Excerpt
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

the intensity of their attention. The purposeful focusing of 
attention can lead to a state called “flow,” resulting in the 
active experience of pleasure and meaning,  according to 
psychologist Mihaly Csikszentmihalyi.186 We have evolved 
the capacity to feel pain because it is a good warning 
that there is potential damage to the body. And we have 
evolved the capacity to experience joy when we pay atten-
tion  because it helps us to survive. The joyful nature of 
 attention helps us to do it well.

The joyful nature of attention helps us to do it 
well.

The focus of our attention must include ourselves, as 
well as the world. In James Joyce’s A Painful Case (in the 
collection of short stories, The Dubliners, first published 
in 1914), he wrote that “Mr. Duffy lived a short distance 
from his body.” Disconnection from the body can involve 
a  detachment from one’s feelings, thoughts, emotions, 
perceptions, and identity. Disconnection from our bodies 
causes disconnection from the world as well. There is a 
close  relationship between emotion and the body.I  Atten-
tion to ourselves, including the body, is critical.

Mountain climbers need not expose themselves to fatal 
falls because of their wish to experience the intense atten-
tion they find joyful. They could learn to practice this same 
feeling of the joy of attention in their everyday lives with-
out the risk of death. Likewise, many people fail to appreci-
ate opportunities to develop healthful attitudes about aging 
through the proper management of attention. Our multiple 
reserve factors and our ability to appreciate the opportunity 
of aging can be enhanced through attentiveness to the pos-
sibilities for enhancing our lives through actions.

I William James wrote extensively on this topic.187
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I like the positive attitude suggested by the feminist 
author Christina Crosby. She wrote about her trauma-in-
duced disability this way: “I am no longer what I once was –  
yet come to think of it, neither are you. All of us who live 
on are not what we were, but are becoming, always becom-
ing.”188 What a critical realization, to acknowledge that we 
are all still becoming, always becoming, despite the chal-
lenges of aging.

This lifelong process of becoming is under our control. 
In the words of the philosopher Ralph Waldo Emerson, “A 
man is what he thinks about all day long.” You could say 
that about aging. The quality of aging is related to what 
you think about all day long, what you pay attention to all 
day long, what your body is doing all day long, what you 
are eating all day long, what injuries you subject yourself 
to all day long; and how you are able to manage and en-
hance your cognitive, physical, psychological, and social 
reserve factors to attain and maintain health and fitness 
with age.

We must not presume aging to be inevitable 
and accept decline without consideration of how 
the manifestations of aging can be  modified 
through our personal actions.

We must not presume aging to be inevitable and accept 
decline without consideration of how the manifestations 
of aging can be modified through our personal actions. 
Every moment we are alive is an occasion to experience 
the world and ourselves. Every moment is an occasion we 
should not allow to go by without notice.

Viewing aging as an opportunity helps to focus on the 
reality that what happens to us is determined in large part 
by what we do. Paying attention to what happens to us 
can enhance all of our reserve factors. Diet, physical and 
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 mental activities, and social and family contacts are all 
critical. Our enhancement of the four reserve factors will 
increase our chance to be healthy and fit as we age.

The word “opportunity” evolved from the Latin phrase 
“ob portum veniens,” indicating a favorable wind coming 
to port, according to the Online Etymology Dictionary. We 
need to take advantage of all the favorable winds we have, 
especially those that help us to age well. The concept of the 
four reserve factors helps us to manage our sails so that we 
can gather the favorable winds and use them throughout 
our lifetime, to achieve and maintain the meaning of our 
lives.

We need to take advantage of all the favorable 
winds we have, especially those that help us to 
age well.
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GLOSSARY

aging: the process or condition of growing old.

cognition: “the action or faculty of knowing; knowledge, conscious-

ness; acquaintance with a subject.” (Oxford Engligh Dictionary 

Online)

delirium: a disorder of consciousness characterized by hallucina-

tions, delusions, disorientation, impaired awareness, and often 

agitation; usually of abrupt onset.

delusions: fixed false beliefs, often of persecution (paranoia) or 

grandiosity, which are contrary to reality.

dementia: a clinical syndrome and not a specific disease, charac-

terized by memory loss and other cognitive impairments, such as 

difficulty with route finding, language, perception, abstractions, 

calculations, behavior, spatial tasks, emotions, and reasoning. 

Dementia is usually, but not always, of slow onset.

dependence: “the situation in which you need something or someone 

all the time, especially in order to continue existing or operating.” 

(The Cambridge Dictionary)

dysbiosis: an unhealthy population of microbes in the body, which 

may be caused by a lack of diversity or a gain or loss of members 

of the community.

epigenetics: the study of the modifications of the DNA in an organ-

ism that do not involve changes in the nucleotide sequence.

genomics: the study of genes. A genome is a complete set of all the 

DNA and the genes of an organism.

gerontology: the scientific study of the biological, social, psycho-

logical, and cognitive aspects of aging in animals and humans.

hallucinations: sensory experiences that appear to be real but are 

not. They can involve any of the five senses.

holobiont: a grouping comprised of a host and other species living 

inside and on its surface, forming a biological unit.
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homeostasis: “the ability or tendency of a living organism, cell, 

or group to keep the conditions inside it the same despite any 

changes in the conditions around it, or the state of internal bal-

ance.” (Cambridge Dictionary)

inflammaging: activation of the immune system seen with aging.

inflammation: the body’s response to invasion by foreign organ-

isms and its efforts to repair injury.

interdependence: “the fact of depending on each other.” (Cambridge 

Dictionary)

magnetic resonance imaging (MRI): a medical imaging technique 

to produce images of the anatomy of the body, using strong mag-

netic fields and radio waves.

medication compliance: the extent to which a person follows the 

recommendations of a provider for the use of medications.

metagenomics: the study of the genetic information recovered 

from an environmental sample.

microbiome: the collective genome of our indigenous microbes.

microbiota: the microbial organisms that live inside us and on 

our body surfaces and cavities. They are comprised of bacteria, 

 viruses, parasites, and fungi.

microglia: the major cells of the immune system in the brain that 

are responsible for maintaining homeostasis, monitoring the 

brain to defend against challenges.

misfolding: when a protein adopts an incorrect three-dimensional 

structure, which may prevent the protein from working and may 

make it have toxic effects.

neurodegenerative disease: a type of disease of the nervous system 

in which there is loss of cells and function. The disease is progres-

sive after slow onset, may or may not be inherited, and may or may 

not have effective therapies. This includes  Alzheimer’s disease, 

Parkinson’s disease, amyotrophic lateral sclerosis, and others.

pathogen: an agent which causes disease (such as smallpox).

pathogenesis: the process of initiation and maintenance of disease.

plasticity: the quality of being soft enough to be changed in to a 

new shape, the ability of a biological system to change.
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polypharmacy: the regular use of five or more medications.

protein folding: the process through which a protein adopts a 

three-dimensional structure.

reserve: “to keep something for a particular purpose or time” (Cam-

bridge Dictionary) (Latin: reservare, keep back, save up).

resilience: “the quality of being able to return quickly to a previous 

good condition after problems.” (Cambridge Dictionary)

salutogenesis: to create health (Latin: salus, health, genere, to create).

symbiont: an organism living in symbiosis with another organism, 

in which each benefit.

symbiosis (or mutualism): an association between two organisms 

in which each benefit, such as birds that live near large animals 

who eat insects off of their hides.

tolerance: an active state where there is a lack of response to specif-

ic organisms or proteins in order to diminish  potentially destruc-

tive immune responses. Also referred to as immune  tolerance.
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