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A symbol of longevity in 
Japanese culture. Look for other 
symbols of health and long life 

throughout the book.
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A healthy brain is absolutely essential for successful, healthy aging. 
The brain is the center of thought and the seat of emotion. The 
brain is responsible for receiving, interpreting, and organizing data 

from the senses; formulating speech; guiding action; storing memories of 
the past; and planning strategies to shape the future. The brain directs all 
of our dealings with the world around us and all of our interactions with 
the people whom we love. 

When the human brain is afflicted by degenerative conditions  
such as Alzheimer’s disease, other forms of dementia, or Parkinson’s  
disease, quality of life is severely diminished. In persons with Alzheimer’s  
disease, memory is lost, speech becomes impaired, and interactions 
with the world are constricted. In persons with Parkinson’s disease and 
amyotrophic lateral sclerosis, cognition is preserved, at least for a while, 
but movement is impaired, fine motor functions are degraded, walking 
becomes difficult, and even the ability to breathe can be lost. 

Alzheimer’s disease and Parkinson’s disease are the two most common  
neurodegenerative diseases of the older American population, and they  
profoundly threaten healthy aging. Causation of these diseases is complex.  
In a minority of cases, particularly in those with onset before age 50, 
causation appears to be largely genetic. But in most cases, causation appears 
to involve still poorly understood interactions among multiple genetic 
and environmental factors. Lead and PCBs are among the environmental 
agents that have been linked to dementia. Parkinson’s disease has been 
linked with exposures to the synthetic heroin MPTP, the pesticide rotenone, 
and the metal manganese. It seems very likely that many other modern 
synthetic chemicals, the majority of which have never been properly tested  
for neurotoxicity, may also be potential causes of neurodegenerative diseases, 
and research to establish these associations is urgently needed. In addition  
to chemicals, nutrition and socioeconomic circumstances seem to influence 
the risk in many people. Social isolation and inadequate access to healthy 
food are toxic to the aging brain and are all too common in today’s world. 

Information is emerging that exposures sustained in the earliest 
stages of life—even in the womb and in the first years after birth—may 
have the potential to initiate changes in the brain that, decades later, result 
in Alzheimer’s disease, Parkinson’s disease, or other forms of neurologi-
cal degeneration. This “early origins hypothesis” was first proposed by 
Professor David Barker of the University of Southampton in the UK in 
studies of the antecedents of heart disease and diabetes. Professor Barker 
found that infants with low birth weight and small head circumference 
are at increased risk as adults of developing coronary heart disease, hyper-
tension, stroke, insulin resistance, and diabetes. He found that reduced 
fetal growth and impaired development during infancy are associated 

Foreword

The whale symbolizes 
longevity in Native 
American mythology

When the human 
brain is afflicted 
by degenerative 
conditions...  
quality of life is 
severely diminished.
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with increased mortality from cardiovascular disease across the entire 
lifespan. More recently, information on early life exposures to toxic 
chemicals such as lead, mercury, pesticides, and PCBs has extended the 
early origins hypothesis to encompass chemical exposures. This research 
suggests that early chemical exposures may result in a range of diseases in 
childhood and throughout the lifespan, including diseases of the central 
nervous system such as reductions in intelligence, shortening of attention 
span, and disruptive behavior. Animal studies suggest that early exposure 
to a combination of two herbicides—maneb and paraquat—may acceler-
ate development of Parkinson’s disease. These discoveries establish the 
concept that environmental exposures can produce degenerative disease 
of the brain. The task now is to identify additional causal exposures, so 
that evidence-based programs of prevention can be launched.

This important book from Greater Boston Physicians for Social 
Responsibility and the Science and Environmental Health 
Network presents in clear, balanced, and understandable terms  

the emerging evidence that toxic environmental exposures, in combina-
tion with nutritional, social, and exercise variables, contribute to the 
causation of Alzheimer’s disease, Parkinson’s disease, and other chronic 
degenerative diseases of aging. It offers prudent suggestions in light 
of current knowledge for reducing exposures and building resilience 
against environmental threats. 

This book is a “must read.” While it emphasizes the importance 
of research to understand the origins of neurodegenerative diseases, it also 
calls for action. Urgently needed reforms include requiring safety tests for 
industrial chemicals before marketing; providing incentives to produce 
and market healthy food rather than products that contribute to chronic 
diseases; reducing or eliminating emissions that accelerate chronic disease 
and climate change; and emphasizing disease prevention in healthcare 
policies. These are essential to confront the public health threats facing 
the U.S. and many other countries of the world, but they are not enough. 
Every economic sector, school district, city council, hospital, legislature, 
community, family, and individual has a role to play. This book is impor-
tant today, and it will become increasingly important in the years ahead 
as the number of elderly among us continues to increase.

I highly recommend this book for physicians, nurses, and other 
healthcare providers as well as for policy makers and the general public. It 
is readable at every level. It is a treasure house of important information.

Philip J. Landrigan, MD, MSc

Professor & Chairman 
Department of Community and Preventive Medicine
Mount Sinai School of Medicine, New York, NY
July 2008

This book 
is a “must 
read.” While 
it emphasizes 
the importance 
of research to 
understand 
the origins of 
neurodegenerative 
diseases, it also 
calls for action.
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A dramatic increase in the aged population in the United States  
over the next few decades is expected to nearly double the number 
of people 65 and over by 2030. This “age wave,” fueled in the  

United States by the baby boomers, will soon reach shore and influence  
almost all aspects of our lives, including health care, economics, and  
social structure. Improved longevity is a success story and offers exciting 
opportunities, but at the same time it poses tremendous challenges. 
Among them are the growing threats of chronic diseases associated 
with aging and their changing patterns.

This report primarily examines the lifetime influences of 
environmental factors on Alzheimer’s and Parkinson’s diseases 
and their underlying pathologic mechanisms. Our close look at 
the science of these diseases shows they are related to a number of 
features of modern society and that Alzheimer’s disease especially is 
linked to other serious health problems of modern times, which we 
call the “Western disease cluster.”

By environment we mean the entire physical, biological, 
social, and cultural context in which we live, from conception to 
death. We take an ecological perspective since individuals do not live 
in isolation but as members of families, communities, and natural 
systems. Our findings show that a complex mixture of variables at 
each level influences the health of individuals and disease patterns in 
populations. If we do not confront them comprehensively, we risk 
overwhelming the health care system and weakening the social and 
economic fabric of families and communities.

A Multifactorial, Lifespan Perspective Points to 
Opportunities for Prevention

 Beginning in the womb and continuing throughout life,  •
environmental factors are strong determinants of health decades 
later. The course of brain development follows an arc that begins 
soon after conception and progresses along some trajec tory into 

Executive  
Summary

Improved 
longevity is a 
success story and 
offers exciting 
opportunities, but 
at the same time it 
poses tremendous 
challenges.

The pear is a symbol of hope 
and good health in many 
cultures. The Chinese associate 
the image with longevity, justice 
and good judgement.
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adulthood and older age. The shape of that trajectory—its  
features, length, and rate of change—can be profoundly influenced 
by many interacting genetic and environmental factors encountered 
throughout the lifespan. Early life events or circum stances can 
have enduring impacts on brain aging and function.

● Brain “reserve” or resilience can influence the timing of onset •
and progression of neurodegenerative conditions. They may be 
delayed in people with more reserve and accelerated in those with 
less. Brain reserve may be influenced by modifiable environmental 
variables, beginning with early development. 

● Many “neurodegenerative” diseases might best be con sidered •
as existing along a continuum rather than as discrete, unrelated 
entities. A spectrum could better reflect the mix of symptoms and 
histopathologies seen in many cases that sometimes make it dif-
ficult to settle on a single diagnosis. A spectrum might also better 
accommodate diverse mechanistic biological pathways, influenced 
by interacting environmental and genetic variables, which may 
then converge into final common pathways and result in clinical 
disease. With respect to cognitive decline, disease severity can also 
be seen along a spectrum running from normal aging to dementia.

 It is highly likely that for many people, development of the two •
most common neurodegenerative diseases, Alzheimer’s and Par-
kinson’s, can be delayed or prevented altogether. In most cases 
these diseases result from the interaction of a number of differ-
ent factors. They must be understood within a framework that 
includes biologic, social, economic, and cultural dimensions. 
These dimensions are represented, in turn, at all levels from the 
sub-cellular to society as a whole. The presence of certain genes 
may increase the risks of these diseases, but the actual pathologic 
processes leading to these conditions can also be highly influenced 
by environmental factors. 

Underlying Dimensions of Neurodegenerative Disease
 Common mechanisms and pathways underlie many prevalent •
disease patterns. At the micro-level, inflammation and excessive  
oxida tive stress play critical roles in the development and progression  
of Alzheimer’s and Parkinson’s diseases. Diabetes, obesity, hyper-
tension, elevated blood lipids and metabolic syndrome are also 
often characterized by inflammation and excessive oxidative 
stress. They also tend to co-occur in individuals and in large 
populations, partic ularly as they undergo modern industrialization.  
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We refer to this group of chronic diseases as the “Western dis-
ease cluster.” Substantial evidence suggests that common forms 
of dementia—including Alzheimer’s and vascular dementia—are 
associated with this cluster as well.

 Recent scientific advances reveal connections among inflammation, •
oxidative stress, and disrupted insulin signaling pathways. The 
consequences of disrupted insulin signaling include insulin resistance, 
elevated glucose, vascular disease, and elevated blood lipids—key 
factors in the Western disease cluster. Environmental influences 
that may contribute to inflammatory disruption of insulin-signaling 
include toxicants, inflammatory nutrition patterns, inactivity, obesity, 
psychosocial stress, and various health conditions.

Environmental Risk Factors in the Development of 
Dementia/Alzheimer’s & Parkinson’s Diseases

 Modifiable lifetime environmental factors that influence aging •
and health include nutrition; exposure to environmental chemi-
cals and infectious materials; physical activity; social interactions; 
education; socioeconomic circumstances; and active intellectual 
stimulation. These factors do not act in isolation. Rather, they 
interact and collectively, along with multiple genetic influences, 
create the conditions out of which health or disease emerge. 

 Individual lifestyle choices can influence which environmental •
factors will affect disease risk. However, lifestyle factors are not 
simply matters of individual choice. They are highly influenced 
by availability, cost, advertising and cultural preferences 
among other factors. Consequently patterns of disease are not 
simply the product of individual choice but are also features of 
families, communities and societies. Indeed, drivers of excessive 
inflammation and oxidative stress are present at all levels of the 
eco-social environment. Disease prevention requires public health 
approaches as well as healthy lifestyle choices.

● An individual’s or community’s position on the socioeconomic •
gradient is one of the strongest determinants of health status. 
Lower socioeconomic circumstances are associated with increased 
risk of disease and premature mortality at every level of the  
gradient. All diseases of the Western disease cluster are over- 
represented in people of lower socioeconomic status. 

● A coherent and growing body of evidence indicates that numer-•
ous nutritional factors—especially in combination—can increase 
the risk of neuroinflammation, excessive oxidative stress, and 

An individual’s 
or community’s 
position on the 
socioeconomic 
gradient is one 
of the strongest 
determinants of 
health status. 
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neurodegeneration. These nutritional factors include consump-
tion of saturated and trans fats and refined carbohydrates, along 
with inadequate intake of omega-3 fatty acids, antioxidants, and 
micronutrients. This dietary pattern stimulates an inflammatory 
response in many tissues and organs, mediated in part by the 
innate immune system. It can also increase the risk of Western 
disease cluster illnesses as well as neurodegenerative disease.

● The dominance of this inflammatory nutrient pattern results, in •
significant degree, from trends in agriculture, food production 
and marketing over the past 50–100 years. These trends include 
the growth of factory farming and consumption of fast foods 
and highly processed foods. These trends in food production 
and distribution have also intensified dependence on fossil fuels. 
This adds to chemical and climate impacts, compounding risks to 
human and ecosystem health.

● Many environmental chemicals promote excessive oxidative •
stress and inflammation and contribute to the risk of neuroin-
flammation and neurodegeneration. Environmental chemicals can 
also modify gene expression and alter brain development through 
a variety of mechanisms, increasing the risk of neurodegenerative 
diseases later in life. Chemicals of concern include lead and other 
heavy metals, PCBs and other persistent organic pollutants, and 
pesticides. Endocrine disruptors to which the population is widely 
exposed also have inflammatory and metabolic effects. Bisphenol 
A, for example promotes insulin resistance and the accumula-
tion of fat at relatively low levels of exposure. Exposures to 
PCBs, dioxin, and several pesticides also strongly correlate with 
the likelihood of having type 2 diabetes, insulin resistance, and 
the metabolic syndrome. Emerging evidence also suggests that 
air pollution contributes to brain inflammation and the risk of 
Alzheimer’s-type neurodegenerative disease. 

Human and Ecological Health are Interdependent – 
Cross-Cutting Solutions are Possible

Changes in the natural, built, and social environments during 
the 20th century in the U.S. and many other countries strongly 
contributed to increased life expectancy and other indicators 

of human development. But many changes also altered system condi-
tions so that large numbers of people are living close to or beyond 

Our task is not 
only to respond 
to the medical 
and social needs 
of individual 
people who are 
sick or at risk, but 
also to optimize 
conditions so that 
fewer people find 
themselves at risk 
in the first place.
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thresholds of chronic diseases that severely undermine quality of life. 
Upward age-adjusted trends in obe sity, diabetes, hypertension, asthma, 
and some kinds of cancer are illustrative. Our task is not only to 
respond to the medical and social needs of individuals who are sick 
or at risk, but also to opti mize conditions so that fewer 
people find themselves at risk in the first place.

As the evidence in this report demonstrates,  
key elements of healthy living include: 

 Eating healthy and nutritious food;•

 Staying active physically and mentally;•

 Avoiding harmful toxicants and pollutants;•

 Being socially engaged with family, friends,  •
and community.

Individually and collectively these approaches can 
reduce excessive oxidative stress, inflammation, and other 
pathogenic biologic pathways, and help to reduce the risk of obesity, 
overweight, dementia and diseases of the Western disease cluster.

Individual actions are not enough. In multifactorial diseases, 
policy interventions at many levels are necessary and can have 
profound influences on individual and population health. Some 
policy interventions are cross-cutting, addressing mul tiple risk factors 
simultaneously. For example: 

 Encouraging more localized, diversified and sustainable food  •
production rather than factory farming would enhance nutrition, 
decrease the environmental impacts of agriculture, and strengthen 
local economies. It would reduce reliance on pesticides and minimize 
the use of fossil fuels for long distance transport. This in turn would 
reduce air and water pollution as well as greenhouse gas emissions.

 Transitioning to clean, renewable energy and reducing fossil fuel •
consumption in general would drastically reduce air pollution, 
which is increasingly recognized as pro-inflammatory, neurotoxic, 
and contributing to cardiovascular disease. It would also under-
cut a host of harmful chemical exposures related to production, 
transport, and use of fossil fuels. Prioritizing the development of 
energy-efficient mass transit systems that interface with bike paths 
and sidewalk networks would save energy while minimizing air 
pollution and combating obesity. 
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 Reducing use of toxic substances in the home, workplace, •
and community through “safer substitute” programs and 
green product design can reduce exposures that contribute to 
neurodegeneration and many other chronic diseases, reduce 
ecosystem and wildlife contamination, and create new jobs. 

 Reducing socioeconomic disparities and making certain that all •
people have access to affordable health care, as a right and a 
matter of decency, will reduce the general chronic disease burden 
and help to alleviate its consequences for individuals and society. 

Much of the chronic disease burden could be reduced 
by addressing the broad environmental-context of health, and 
prioritizing primary prevention at many levels—from the individual 
to the family, community, society, and ecosystem. Throughout 
the lifecycle our health is deeply connected to other stages of life, 
and to the ecosystems around us that are literally our lifeblood. 
Fortunately, we have innumerable opportunities to jointly improve 
health throughout the lifecycle and to restore degraded ecosystems. 
In so doing we can achieve human and ecological health that are 
interdependent, urgently needed, and within our reach. 

Aging begins at  concept ion.
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An Age Wave Heads to Shore

Social scientists have been monitoring with great interest an 
approaching tidal wave that may well overwhelm the resources 
of the United States and many other countries if we don’t care-

fully plan for it. This wave will nearly double the 
number of Americans 65 and older from about 38 
million today to over 71 million by 2030.1 And 
it carries with it a whole collection of age-related 
health concerns.

Increased longevity is a success story with 
many heroes, but the trend poses tremendous chal-
lenges. Innovations in healthcare delivery, housing, 
land-use planning, transportation, agriculture, food 
distribution, and other societal activities will attempt 
to respond to the demographic shift, competing with 
other needs of the 21st century. Ethical questions 
concerning how and where elders fit into society and 
our responsibilities to them as well as future genera-
tions will take on new dimensions.

The boomers’ history of tackling thorny chal-
lenges and reinventing themselves regularly as they 
move through life could presage widespread inno-
vation in approaches to healthy aging. Enormous 
benefits could accrue to societies when this huge 
former labor pool becomes available for volunteer-
ism. Intergenerational relationship building could 
once again expand. Indeed, many are hoping that the 
generation responsible for many dynamic technologi-
cal advances will help develop new ways to address 
looming age-related health concerns.

CHA p t e r  1
Aging and Health: 
Challenges and 
Opportunities

the turtle image is a  
symbol of longevity in  
Native American cultures.

The oncoming age wave is fueled in part 
by the “baby boom” generation (Americans 
born between 1946 and 1964). In 2000, 
people over 65 represented a little over 
12 percent of the population and this is 
expected to grow to nearly 20 percent by 
2030. the census bureau predicts that 
the over-85 age group alone will almost 
double from nearly five million in 2003 to 
nearly ten million by 2030. this continues a 
dramatic demographic transformation that 
has doubled the older population in the U.S. 
every 30 years since 1900.2

this trend is also underway not only in 
other industrialized countries but also in the 
“global South” (less industrialized countries), 
where over half (59 percent) of the world’s 
elderly (65 and over) lived in 2000. that 
proportion is expected to increase to over 
70 percent or 686 million older people in 
developing nations by 2030. Older age 
groups will also continue to be a growing 
portion of the population in these Southern 
countries.3 
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In the best of all worlds, a relatively healthy older population 
would actively continue to contribute to society while placing minimal 
additional demands on healthcare and care-taking resources. Setting 
this goal would prompt us to identify age-associated disorders that 
might be prevented or delayed, thereby compressing the illness burden 
into a shorter period of time near the age of death.

The optimum aging scenario, says Andrew Weil MD, a  
pioneer in integrative medicine, is to remain as healthy as possible  
until we approach death, and then rapidly decline: “I don’t subscribe 
to the concept of ‘anti-aging’ or the view that we can reverse the 
physical changes that come with growing older. However, I do believe 
we can age with grace, and that we should do everything in our power 
to delay the onset of age-related disease, discomfort and loss of 
vigor.”4 Peter J. Whitehouse MD, PhD, a geriatric neurologist at Case 
University and noted expert on Alzheimer’s disease, agrees. He adds, 
“A lot of people are making money out of convincing people aging is  
a disease. It is not.”5

the Origins of Chronic, Degenerative Diseases

The material developed in this report stems from our long-term 
interest in the relationships connecting human health and the 
environment. By environment we mean the entire physical, bio-

logical, social, and cultural context in which we are conceived, born, 
grow, age, and die. In recent years, influences of chemical exposures, 
inadequate or inappropriate nutrition, and socioeconomic stress on 
children’s health have received much-needed attention as critical 
components of the environment. Scientists tell us about the unique 
vulnerability of the developing child to each of these.

We have also wondered how these variables might influence 
the health of older people. This, too, is a vulnerable stage of life. As 
it turns out, we now know that environmental influences beginning 
in the womb and continuing throughout life are strong determinants 
of health decades later. That is, health in older age is, to a large 
extent, a reflection of health throughout life, beginning with concep-
tion. Thus, the pathway to healthy aging is lined with healthy preg-
nancies, infants, children, and adults.

The challenges in assessing the impacts of chemical expo-
sures, diet, social status, and other environmental factors on 
health in later years are unique. Children grow, develop, and 

Thus, the pathway 
to healthy aging is 
lined with healthy 
pregnancies, 
infants, children, 
and adults.
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acquire functions and skills. Older people lose many of them. 
Normograms of child development, which help parents and clini-
cians track growth and acquisition of age-appropriate skills, do 
not have their counterpart in the aged. But, like delayed or slowed 
child development, combinations of early onset or accelerated 
progression of functional decline in older people are more likely 
to draw medical attention. Still, the line differentiating normal 
aging from disease is often indistinct. Where it is drawn can be 
determined as much by social convention as by biology. 
And where it is drawn helps to set the stage for individual 
or societal responses.

Over time, disease patterns change. Fewer 
infants and children now die of infectious diseases 
than at the beginning of the 20th century, but more 
are afflicted with birth defects, asthma, cancer, dia-
betes, and obesity. Among adults, cardiovascular 
disease, cancer, and diabetes are now leading causes 
of morbidity and mortality. But why do some people 
live relatively healthy lives until close to the time of 
their deaths, while others suffer with often debilitat-
ing chronic disease as adults? Can this be explained by 
genetics, personal behavioral patterns, and luck? Are 
there also features of the shared environment beyond 
individual control that help to explain these disparities 
as well as disease patterns?

Because health in the later years of life strongly depends 
on health in earlier years, this project is a logical extension of our 
2000 report, In Harm’s Way: Toxic Threats to Child Development. 
There we focused primarily on the impacts of toxic chemical expo-
sures on the developing brain. Later we wondered if brain function 
might similarly be affected later in life and decided to focus primar-
ily on the two most common neurodegenerative diseases—Alzheim-
er’s disease and Parkinson’s disease. These are chronic diseases that 
profoundly affect individuals, families, communities, and society. 
People with dementia have lost more than their cognitive ability. 
They have lost their personhood before losing their lives. People 
with Parkinson’s disease live with more than shaking limbs and a 
stiff, unsteady walk. When they can no longer express their emo-
tions on their faces they have lost essential ways of communicating 
with lovers, families, friends, and others.

People with 
dementia have  
lost more than 
their cognitive 
ability. They 
have lost their 
personhood before 
losing their lives.
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The discussion in this report is relevant to a number of other 
diseases as well. It also speaks volumes about the state of the envi-
ronment. In essence, we identify direct connections between the 
health of people and the health of the planet. From a public health 
perspective, much abnormal loss of neurological function in older 
people, as well as many increasingly common chronic diseases, is 

It’s morning in the Alzheimer’s 
unit of the local nursing home. 
Behind the locked doors, the 

volume in the hallway begins to rise. One woman sings the refrain 
of a Christmas carol over and over, although the month is July. A 
man repeatedly shouts from his bed, “Where’s my ticket?” Another 
complains that someone has stolen his cows. A night shift nurse, 
finishing up her paperwork, warns a morning nurse about the new 
patient in 3B. He was agitated all night and tried to kick his window  
out again. Claiming to be a prisoner of war, he appears delusional.

Out in the day room, two men, heads bowed, shuffle back and forth 
in the gait characteristic of parkinson’s disease. A woman bangs her 
wheelchair over and over into the corner of the wall. She will do this 
until someone turns her chair around. And then she will roll to the 
opposite corner of the room and bang some more.

the staff prepare cups of “thickened water” for residents who are losing 
their ability to swallow. this helps prevent aspiration. A room at the end 
of the hall is being prepared for the long-time resident in 9A. She has 
lost her swallowing reflexes altogether. Her grown children have been 
summoned and, once they arrive, they will be ushered into the new, 
quieter room to await the inevitable.

taped to each door along the hallway is a photograph of the occupant 
and a brief biography that includes former hobbies and the names of 
family members both living and dead. the photos are intended to help 
residents find their rooms after meals. the biographies help the staff to 
converse with and calm the patients. Many occupations are represented 
among the residents: farmer, college professor, ballroom dancer, church 
organist, machinist, banker.

After his breakfast, the former banker wanders down the hallway. He 
stops to examine one of the photos. It is a picture of himself. He scowls 
and jabs his finger at the image. “Who is that guy?” he demands to 
know. “Who is that guy?”

these are not portraits of normal aging.
Contributed by Sandra Steingraber

PORTRAITS
of AGING



E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g  p a g e  1 1

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

linked to the profound changes brought 
about by humans in ecosystems through-
out the world. The good news is that 
restorative win-win alternatives could 
lead to long-term sustainable health for 
both people and the planet.

Alzheimer’s Disease and 
parkinson’s Disease

Changes in cognitive abilities, 
including attention, memory, 
and executive function, are 

common in normal aging. Healthy 
individuals are able to adapt by recruit-

ing the services of other areas of the brain and are generally able 
to maintain adequate functional status. Yet, in some people, more 
rapid decline in the function of certain areas of the brain results in 
symptoms that ultimately lead to a diagnosis of Alzheimer’s disease 
or Parkinson’s disease. Although advancing age is the largest risk 
factor for each, their debilitating symptoms are not an inevitable 
feature of normal aging.6

The most prominent symptoms of Alzheimer’s disease  
result from involvement of parts of the brain that control thought, 
memory, and language. Ultimately a person with Alzheimer’s disease 
is unable to carry out daily activities independently. Functional 
decline accelerates, progressing to death. The disease usually becomes 
apparent after age 60, although it may have its origins many years 
before. Earlier onset of symptoms occurs but is uncommon. The 
risk of Alzheimer’s disease increases with age. About 5 percent of all 
men and women ages 65–74 have Alzheimer’s disease, while nearly 
half of those age 85 and older may have the disease.7 Alzheimer’s 
disease is estimated to affect nearly 4.5 million people in the U.S. 
This is expected to nearly triple by mid-century to over 13 million.8 

Worldwide, according to a 2007 World Health Organization report, 
Alzheimer’s disease affects 24 million people.9

Alzheimer’s and other forms of 
dementia are major contributors 
to the rapid increase in demand 
for long-term care services. 

US-wide Initiatives 
on Aging
Below is a brief historical  
timeline of important 
initiatives on aging  
and health:

1945 - Harry truman asks 
Congress for legislation that 
would establish a national 
health insurance plan.  
the issue is debated for 
twenty years, with opponents 
warning of the dangers of 
“socialized medicine.”1

1958 - Dr. ethel percy 
Andrus, a retired high 
school principal, founds 
AArp. this evolved from the 
National retired teachers 
Association (NrtA), which 
Dr. Andrus had established 
in 1947 to promote her 
philosophy of “productive 
aging,” and in response to 
the need of retired teachers 
for health insurance.2

1965 – president Lyndon 
Johnson as part of his 
“Great Society” enacts 
Medicare, providing health 
benefits for the first time to 
those over 65. ex-president 
truman is the first to enroll 
in Medicare. 3

1985 – environmental 
protection Agency (epA) 
and National Institute of 
environmental Health Sci-
ences (NIeHS) ask National 
Academy of Sciences (NAS) 
to investigate effects of the 
environment on elders.

1987 – NAS  
publishes Aging in  
Today’s Environment.

2002 – epA sponsors 
forum at the NAS, 
“Differential Susceptibility 
of Older persons to 
environmental Hazards.”
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Parkinson’s disease is a progressive disorder that includes 
combinations of tremors, stiffness, and emotional changes that 
ultimately lead to severe disability. About 50,000 new cases of 
Parkinson’s disease are reported annually in the U.S. alone.10 The 
number of individuals with Parkinson’s disease over age 50 in the 
world’s 10 most populous countries in 2005 is estimated at over 4 
million. Prevalence of Parkinson’s is expected to double by 2030.11 
These are estimates, as no comprehensive Parkinson’s disease 
registries currently exist.

Socio-economic Implications

The Alzheimer’s Association estimates that national direct and 
indirect annual costs of caring for individuals with Alzheimer’s 
disease are nearly $150 billion.12 According to a recent study, 

the cost of caring for a person with Alzheimer’s disease more than 
doubles over four years of care.13 The cost of Parkinson’s disease in 

the U.S. alone is estimated to be $13–28.5 billion per year.14 
Patients with both dementia and Parkinson’s disease have 
significantly higher annual direct costs than patients with 
Alzheimer’s disease alone.15

Alzheimer’s and other forms of dementia are major 
contributors to the rapid increase in demand for long-term 
care services. Alzheimer’s disease also dramatically affects the 
quality of life of family caregivers.16 The majority of demen-
tia-related deaths in the United States occurred in nursing 
homes (66.9 percent). In contrast, older persons with cancer 
mostly died at home (37.8 percent) or in the hospital (35.4 
percent). The hospital was the most common site of death 
for all other conditions (52.2 percent).17

The World Health Organization’s 2007 report on the 
global burden of neurological disorders shows that Alzheim-
er’s disease and Parkinson’s disease are more prevalent in 
higher income regions and account for a larger fraction of 
the disease burden. For example, Alzheimer’s disease and 
other dementias constitute 1.47 percent and 2.04 percent of 
projected healthy years lost due to disease or disability in the 

Americas and Europe, respectively, compared to the African (0.10 
percent) and Southeast Asian (0.26 percent) regions.18 Even if much 
of this difference is attributable to more limited case ascertainment 
and higher prevalence of other diseases in some countries, it is  
dramatic. We examine cross-cultural studies more fully later.

Disease patterns 
change in response 
to historical 
forces, including 
interconnected 
environmental 
conditions and 
many kinds of 
human activity.
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A New Framework—An ecological Approach to the  
Western Disease Cluster

Our interest in the origins and patterns of Alzheimer’s  
disease and Parkinson’s disease led us into expansive terrain 
encompassing many aspects of the natural, built, and  

social environments. It became clear that we needed to consider  
these diseases in a social, cultural, and historical framework while 
trying to understand their biological underpinnings. We also found 
links to a cluster of other diseases and conditions and, therefore, 
needed to examine broader disease patterns and even the way that 
we name and classify diseases.

Disease patterns change in response to historical forces, 
including interconnected environmental conditions and many kinds 
of human activity. These patterns can change slowly or more rapidly 
as may happen during times of war, famine, natural disaster,  
economic collapse, or epidemic infectious disease.

While looking at the macro level, we also turned to the micro 
level of cells, cellular signaling pathways, and sub-cellular organelles. 
The chapters that follow attempt to lay out how these various pieces 
fit together. Briefly, historically rapid and accelerating changes in 
virtually all aspects of socioeconomic life in the U.S. and most other 
countries of the world over the past 50–100 years created the conditions 
for new disease patterns. We can see the impacts of these changing 
conditions in communities, individuals, tissues, cells, and DNA.

An expanding collection of research tools has enabled  
scientists to describe in some detail biologic processes at the micro 
level that are set in motion by human-environmental interactions. 
These processes include, for example, gene mutation, enzyme  
induction, oxidative stress, inflammation, changes in membrane  
permeability or cell-to-cell signaling properties, and hormone  
disruption. We have learned just how much our health or risk of  
disease depends on our biologic responses to what we eat, drink,  
and breathe; exposures to industrial and other chemicals; social  
circumstances; interactions with other biological organisms; and 
many other aspects of our environment.

In this document we frequently emphasize, among the 
many potential responses to environmental stimuli, the role of 
inflammation and oxidative stress in the origins of many diseases. 
From the outset we stress that these are natural biologic processes 

2002 – epA launches  
Aging Initiative to examine, 
among other things, environ-
mental hazards the elderly 
may face—and to shape a 
planned National Agenda 
for the environment and  
the Aging.

2003 – epA Aging Initiative 
conducts public “listening 
session” forums around 
the country to solicit input 
on environmental issues of 
importance to elders.

2007 – the U.S. National 
Academies Keck Futures Ini-
tiative convenes The Future 
of Human Healthspan: 
Demography, Evolution, 
Medicine and Bioengineer-
ing conference to provide 
a forum for interdisciplin-
ary exploration of a wide 
range of challenges related 
to aging, and to propose 
innovative solutions.

Note: epA references from 
Adler t. Aging research: the 
future face of environmen-
tal health. eHp. 2003 Nov; 
111(14):A760-5 and Hood 
e. toward a new understand-
ing of aging. eHp. 2003 Nov; 
111(14):A756-9.

1 Senior Journal. Available 
at: http://www.seniorjour-
nal.com/NeWS/2000%20
Files/Aug%2000/Ftr-08-
04-00MedCarHistry.htm. 
Accessed June 18, 2007.

2  AArp. Available at: http://
www.aarp.org/about_aarp/
aarp_overview/a2003-
01-13-aarphistory.html. 
Accessed June 18, 2007.

3  Senior Journal 2000 op cit.
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that play essential roles in maintaining health. However, toxic 
chemical exposures, certain kinds of diets, and social stress, 
among other factors, can chronically up-regulate inflammation 
and oxidative stress so that they become initiators or promoters 
of disease. Indeed, as we will show, a coherent and compelling 
narrative links a number of environmental trends with abnormal 
up-regulation of these micro-level biologic processes. Moreover, 
inflammation and oxidative stress are key players not only in 
Alzheimer’s disease and Parkinson’s disease, but also in diabetes, 
cardiovascular disease, the metabolic syndrome, lipid disorders, 
obesity, asthma, and cancer. We do not mean to suggest that ab- 
normal inflammation and oxidative stress are the only pathological 
processes of concern. But they are major pathways through which 
numerous environmental factors are integrated and contribute to a 
variety of chronic diseases. We will discuss this in some detail.

We call diabetes, cardiovascular disease, the metabolic syn-
drome, lipid disorders, and obesity the “Western disease cluster” 
because of their emergence as major public health concerns in West-
ern society, their tendency to co-occur in individuals and populations, 
and their overlapping origins. We also note that this same cluster of 
conditions is becoming increasingly prominent in other countries, for 
example in India, as they modernize along pathways similar to the 
West.19 We identify determinants of this cluster at every level from 
the societal to the sub-cellular and argue that those determinants play 
a role in the origins of Alzheimer’s disease and Parkinson’s disease. 
Asthma and some kinds of cancer undoubtedly belong in this cluster 
as well. Asthma has a large inflammatory component and pro-inflam-
matory triggers commonly provoke asthma attacks.  

In a time 
of resource 
constraints, an 
overburdened 
healthcare 
system, and an 
approaching 
wave of age-
related disease, 
preventing entire 
clusters of chronic 
debilitating 
illnesses should be 
a high priority.

Oxidative Stress

Oxidative stress occurs in the presence of highly reactive oxygen-
containing compounds called “free radicals”. Free radicals are 
an inevitable consequence of living in an oxygen-rich atmosphere 

and using oxygen to generate cellular energy. In fact, appropriate levels 
of free radical production are essential for health. But when free radical 
production is excessive or prolonged, oxidative stress is linked to the origins 
or progression of many diseases. (see chapter 6)

A CLOSER
LOOK
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The initiation, promotion, and growth of many kinds of cancer are 
also fueled by excessive oxidative stress and a pro-inflammatory 
state.20 21 In order to limit the scope of this document, however, we 
will not include further discussion of asthma or cancer but hypothe-
size that their trends, too, would be favorably influenced by interven-
tions designed to address the Western disease cluster.

We want to avoid being overly simplistic. Of course many 
factors are involved and we acknowledge areas of uncertainty, data 
gaps, and debate. Even within groups of individuals with the same 
disease, the origins of conditions will vary. In most of them, the 
disease will arise from a mixture of contributing causes. In some, 
genetic influences will play a more prominent role. In others, expo-
sures to a toxic chemical or dietary pattern will be relatively more 
important. We emphasize that whatever causes individual cases of 
a disease is unlikely to be identical to what causes disease incidence 
and patterns in a population. However, from a medical, public 
health, and policy perspective, we think that it is useful to iden-
tify disease patterns and common origins where they exist. Then 
thoughtful interventions at many levels—individual, community, and 
societal—can help to prevent or mitigate several problems simultane-
ously. In a time of resource constraints, an overburdened healthcare 
system, and an approaching wave of age-related disease, preventing 
entire clusters of chronic debilitating illnesses should be a high priority.

Ours is a public health perspective with an emphasis on 
prevention. Our curiosity does not arise out of an anti-aging agenda 
with a primary goal of prolonging life but rather out of an interest 
in the quality of life of elders. Moreover, elder health is a key indica-
tor of quality of life throughout the lifecycle, as well as an important 
issue in its own right. The narrative that emerges from the material 
that follows has decisive implications for public policy. These dis-
eases are not just a matter of bad luck, individual responsibility, or 
personal choice. We argue that they are, in large measure, diseases of 
civilization and must, therefore, be addressed in that way. So, before 
turning to the diseases themselves, we first describe a number of 
relevant trends that have unfolded in the U.S. over the past 50–100 
years. This lays out the context in which our discussion of diseases 
and disease patterns will begin.

Elder health is 
a key indicator 
of quality of life 
throughout the 
lifecycle, as well as 
an important issue 
in its own right.
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The 20th century witnessed profound, unprecedented changes 
in the natural, built, and social environments. Countless new 
technologies introduced into diverse societies around the globe 

altered the ways we live. Dramatic changes in the patterns and  
distribution of human disease were inevitable. 

Our purpose in this chapter is to note a few trends in the U.S. 
during the past century that are directly relevant to the health of an 
aging population. We wish to make explicit what may be obvious: 
compared to just a few decades ago, the circumstances out of which 
patterns of health or disease emerge have fundamentally changed.

Multi-dimensional Causal Webs of Disease

Many interdependent variables create a propensity for  
particular patterns of disease. These variables are woven 
together into multi-dimensional webs or networks, comprised 

of strands from the natural, built, and social environments, which 
in turn powerfully influence the practices and choices of our daily 
lives. Genetic changes in populations occur slowly and do not explain 
disease patterns that shift over years or decades. Environmental 
changes influence disease patterns much more rapidly and through 
many different pathways or mechanisms, some of which are discussed 
in subsequent chapters of this report. 

Scientists long ago acquired the habit of taking complex  
systems apart in order to study individual components. That 
approach has been enormously fruitful in many respects but has 
limited value for predicting novel, emergent properties of complex, 
interactive systems. To be more fully understood, causal webs of  
disease must ultimately be considered not only as a collection of  
individual strands but also in their integrated complexity. 

Cha p t e r  2
the Changing  
environment and 
Disease patterns

“Every civilization 
creates the  
conditions for  
its own diseases.”
René Dubos

the plum blossom is a 
symbol of longevity in 
asian cultures.
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Today’s disease patterns are quite different from those of a 
century ago. Changes in the built and social environments, as well as 
public health and medical advances, have contributed to longer life 
expectancies. But independent of longevity, some of these changes 
have also profoundly influenced the nature of diseases throughout 
the lifespan. Obviously, people must ultimately die of something, but 
today’s disease patterns are not an inevitable price that must be paid 
for longer life. Rather, many of today’s diseases, including those that 
disproportionately affect the quality of life in an aging population, 
could be delayed or prevented.
 
the epidemiologic transition 

The growth of cities throughout the 1800s created conditions at the 
beginning of the 20th century in which infectious diseases flour-
ished.1 Life expectancy at birth in the U.S. in 1900 was 47 years. 

Infant mortality from infectious disease was common, and pneumonia, 
tuberculosis, and influenza were leading causes of death in adulthood. 
Improved sanitation, housing, standards of living, vaccines, antibiotics, 
and other medical interventions led to dramatic declines in infectious 
disease morbidity and mortality. Biomedical research and education 
made important contributions to shifting disease patterns and the out-
comes of many diseases, but most historians give public health inter-
ventions credit for the largest impacts. By the end of the 20th century, 
life expectancy at birth had reached 77 years, although significant 
disparities remained among races and classes. 

This increase in life expectancy was accompanied by an  
“epidemiologic transition” to new patterns and distribution of  
disease, from high mortality among infants and children, along with 
episodic famine and infectious epidemics affecting all age groups, to 
more chronic, degenerative diseases.2 Among children in the U.S. in 
the latter part of the 20th century, premature birth, injuries, asthma, 
neurodevelopmental disorders, birth defects, cancer, and obesity 
became principal causes of morbidity and mortality. In adults,  
diabetes, obesity, cardiovascular disease, cancer, respiratory diseases, 
mental illness, and neurodegenerative diseases became major  
concerns. Similar transitions are underway in other parts of the 
world where cardiovascular disease, cancer, mental health disorders, 
obesity, and diabetes are becoming increasingly common. In  
developing countries, however, infectious diseases continue to be a 
major cause of morbidity and mortality. 
 

To be more fully 
understood, causal 
webs of disease 
must ultimately 
be considered 
not only as a 
collection of 
individual strands 
but also in 
their integrated 
complexity. 
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an Overview of 20th Century environmental Change 

During the 20th century, human activity began to dominate the 
world’s ecosystems in unprecedented ways. Rapidly develop-
ing new technologies exponentially leveraged human power 

and ingenuity, but technological advancement was on a steep learn-
ing curve and unintended consequences were common. Development 
and use of the atomic bomb in the 1940s put humanity on notice 
that we are capable of destroying planetary life as we know it. 

In the late 1960s Rachel Carson warned 
that rapid development and deployment of 
industrial chemicals in agriculture threatened 
the entire food web and health of ecological 
systems. Photos from space travel cemented 
in people’s minds the realization that we live 
on a small, hospitable planet in a forbidding 
universe. The discovery of a hole in the strato-
spheric ozone layer related to using chlorofluo-
rocarbon refrigerants shocked many people 
into understanding that we were capable of 
destroying planetary control mechanisms before 
we even knew that they existed. We discovered 
a kind of mistake born out of profound igno-
rance—not even knowing what question to ask when considering 
the impact of a new technology. Ethical constraints on technological 
advancements became an increasingly urgent topic of public debate.

In 2005 the United Nations released the Millennium Assessment, 
the most comprehensive survey of the status of global ecosystems ever  
attempted. It began by reminding us how dependent we are on ecosystems 
for services such as climate control, air and water cleansing, soil 
fertility, pollination, and the like. It told us that in the past 50 years, 
humans have changed ecosystems more rapidly and extensively than 
in any comparable period in human history. During that time, global 
population has increased from 2.5 to over 6 billion people. Planetary 
systems are being stressed in novel ways and are increasingly unstable. 
Many are approaching thresholds beyond which lie little prospect for 
returning to previous operating conditions.

In summary, human activity has altered virtually every aspect 
of ecological systems throughout the world in unprecedented ways. 
Climate instability with periods of extreme heat, degraded soil, air, 
and water quality, and loss of biodiversity and ecosystem services  
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United Nations Millennium assessment: 
highlights of Key Findings3

IN 2005, the UNIteD NatIONs and collaborating partners released the 
Millennium assessment, the largest evaluation of the health of the earth’s 
ecosystems ever undertaken. Over 1300 experts from 95 countries prepared 
the extensively peer-reviewed report.

Among the key findings:

• Between one-third and one-half of the land surface of the earth has 
been transformed by human activity.

• the changes have contributed to net gains in human well-being and 
economic development but these gains are not evenly distributed. 
they have been achieved at growing costs in the form of the 
degradation of many ecosystem services and the exacerbation of 
poverty for many groups of people.

• UN researchers estimate that there were at least 921 million slum 
dwellers in 2001 and more than one billion in 2005, with slum 
populations growing by 25 million per year.

• Growing pressures from over-harvesting, climate change, invasive 
species, and nutrient loading push ecosystems toward thresholds that 
they might otherwise not encounter.

• approximately 60 percent (15 out of 24) of the ecosystem 
services evaluated in this assessment are being degraded or used 
unsustainably.

• the degradation of ecosystem services often causes significant harm 
to human well-being and represents a loss of a natural asset or 
wealth of a country.

• Changes in ecosystems increase the likelihood of nonlinear changes 
(including accelerating, abrupt, and potentially irreversible changes), 
with important consequences for human well-being.

• Loss of species and genetic diversity decreases the resilience of 
ecosystems.

• the climate is warming with more extreme events such as flooding, 
hurricanes, and drought.

• Carbon is in positive balance; carbon is released into atmosphere 
and oceans; CO2 concentration in the atmosphere has increased by 
about 30 percent since the beginning of the industrial revolution and 
is now at 380 ppm—near a critical tipping point.

• More atmospheric nitrogen is fixed by humanity than by all natural 
terrestrial sources combined. Fertilizer production and fossil 
fuel combustion are largely responsible. Nitrogen dioxide is a 
greenhouse gas and ozone precursor.

• Greenhouse gas effects cause melting of glaciers and permafrost 
and release of methane from peat bogs, resulting in more warming.
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• twenty-five percent of mammals and thirty percent of amphibians 
are threatened with extinction.

• One-quarter of the bird species on earth have been driven to extinction;  
twelve percent of those left are threatened with extinction.

• Novel synthetic industrial chemicals contaminate the  
world’s ecosystems, humans, and other species.

• the food supply of humans and other creatures is contaminated  
at levels of concern.

Food

• Food production has more than doubled since 1960.

• Food production per capita has grown; for many people, food 
prices fell and were relatively low at the time of the Millennium 
assessment. this is now changing with the increasing costs of fossil 
fuels and pressure on agricultural land to produce biomass for fuel 
production.

• Forty percent of the earth’s land is in agriculture. Clearing land 
results in loss of valuable ecosystem services from forests and 
wetlands.

• Industrialization of agriculture leads to change in nutritional 
composition of food.

• air, water, and soil are contaminated with pesticides, hormones, 
growth promoters, antibiotics, nitrates, and manure effluents.

• rural communities have undergone social disruption.

• approximately two-thirds of major marine fisheries are fully 
exploited, overexploited, or depleted.

• an estimated ninety percent of the total weight of the ocean’s 
large predators—tuna, swordfish, and sharks—has disappeared 
in recent years.

Water
• One billion people lack access to fresh water.

• More than one-half of all accessible fresh water is used by humans; 
much of it is contaminated.

• Digestive-tract diseases arising from poor sanitation and the 
pollution of drinking water are the leading cause of death in the 
world, affecting mainly infants and small children.

• Oceans have been acidified by CO2 released by fossil fuel 
combustion; the marine food web is threatened.

• Nitrates contaminate groundwater and surface water; nitrates, 
along with phosphorous, cause eutrophication (excessive nutrient 
loading and oxygen depletion) of water systems.
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collectively increase the risks of a number of diseases or conditions 
in all people. Economic inequities and disparities in healthcare access 
put poor, unempowered people at greater risk from both chronic 
illness and environmental threats. Within this context, the elderly 
population is often particularly vulnerable because of normal func-
tional decline in some adaptive regulatory mechanisms as well as 
underlying chronic disease conditions.
 
the Chemical, Built, and social environments 

Where and how we live, eat, work, play, and socialize 
profoundly influence our physical and mental health.  
During the 20th century, as infectious diseases were better 

controlled through public health measures and medical advances, 
new disease patterns developed related to changes in activities, 

diet, work, housing, exposure to environmental 
contaminants, and social organization.a 4 

Rapid industrialization and nearly ubiquitous 
contamination of air, soil, and water with hazard-
ous waste, byproducts of resource extraction, fossil 
fuel combustion, and synthetic chemicals continued 
in the U.S. during the 20th century. Pesticides and 
other industrial chemicals, some of them persistent 
and bioaccumulative (concentrating themselves in 
living organisms), contaminate people, wildlife, and 
the general environment.

the pervasive spread of synthetic Chemicals 
From its pre–World War II infancy the chemical industry grew to 
account for about 2 percent of the U.S. GDP.5 Now the U.S. imports 
or produces approximately 42 billion pounds of chemicals daily.6 
Global chemical production is expected to double every 25 years. 
Over 77,000 hazardous waste sites in the U.S. are an enduring legacy 
of the mismanagement of industrial chemicals over many decades. 
Synthetic chemicals contaminate every ecosystem in the world. 
Virtually all people and wildlife are regularly exposed to a complex 

Virtually all 
people and wildlife 
are regularly 
exposed to a 
complex mixture 
of industrial 
chemicals that did 
not previously 
exist in human 
history.

a Rural-to-urban migration, the industrialization of agriculture, changes in the scope and 
scale of resource extraction, materials manufacture, construction, transportation, commu-
nication, and birth of the military-industrial, medical-industrial, and academic-industrial 
complexes are among the most dramatic shifts. 
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mixture of industrial chemicals that did not previously exist in 
human history.7 Babies are now born having already been exposed to 
industrial chemicals in the womb.8 

Most industrial chemicals in the workplace and in consumer 
products have not undergone even basic toxicity screening.9 Only a few 
of 200 chemicals that are neurotoxic in humans have been evaluated 
for their impacts on the developing brains of children or aging brains 
of adults.10 Data that do exist show that exposures to environmental 
chemicals can increase the risk of many diseases and conditions 
relevant to an aging population, including neurodegenerative disorders, 
cardiovascular disease, hypertension, and diabetes.11 

When restrictions on hazardous chemical production, 
use, and disposal have been successful, public health has 
benefited. For example, a ban on the use of tetraethyl lead 
in gasoline resulted in marked declines in average blood lead 
levels in the U.S. Yet many children continue to be exposed 
to unsafe levels, and adults carry the lead legacy of the past 
imbedded within them. As we will show, early life exposures 
to lead are likely to increase the risk of Alzheimer’s disease 
and Parkinson’s disease later in life. Unfortunately, restric-
tions on hazardous chemicals have been extremely limited, 
and ongoing exposures continue to pose health risks.

Racial differences in the location of hazardous waste 
sites and exposures to hazardous environmental substances 
have created unequal health risks for low income groups  
and ethnic and racial-minority communities.12 13 Known as 
environmental injustice, this trend is one among many factors 
that are likely to contribute to racial health disparities. 

The Clean Air Act and Clean Water Act of the 1970s led to 
improvements in some aspects of air and water quality.14 Nonethe-
less, hazardous levels of particulate air pollution, ozone, agricultural 
and industrial chemicals, and greenhouse gases continue to cause 
disease in the U.S. and globally. The ozone 8-hour standard was 
exceeded for nearly half of elderly adults in 2002, and this propor-
tion has been increasing since the year 2000.15 Particulate air pollu-
tion is directly associated with increases in markers of inflammation 
in both young and elderly individuals.16 17 People with underlying dia-
betes, obesity, and hypertension appear to be particularly susceptible. 
Air pollution is a commonly encountered risk factor for neurodegen-
erative diseases.18 A large body of evidence also links particulate air 
pollution to premature deaths from cardiovascular disease.19 Later 

Commonly used 
sewage treatment 
technologies do 
not remove many 
pharmaceuticals 
from the waste 
stream before 
discharge into the 
environment.
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chapters of this report explain what 
happens at the cellular level when  
the body encounters pollutants and 
other stressors.

Medical pharmaceuticals have 
their own environmental impacts. 
A number of prescription and non-
prescription drugs or their metabolic 
byproducts, including antibiotics, 
anti-inflammatories, antidepressants, 
cholesterol-lowering agents, and 
hormones are present in surface 
waters and drinking water sources 
around the country.20 21 Commonly 
used sewage treatment technologies 
do not remove many pharmaceuticals 
from the waste stream before 
discharge into the environment. 
Concentrations of detected drugs are low, but the health risks 
resulting from exposure to the complex mixture in people and 
wildlife are uncertain. 

the Workplace
Workplace conditions and hazardous exposures have always been 
major determinants of health risks among workers and in communi-
ties where hazardous substances are released. Occupational medicine 
was slow to develop in the U.S. because of opposition from corpora-
tions, cheap immigrant labor, and lack of union organizing.22 Alice 
Hamilton was the first American physician to devote her career to 
occupational medicine. She studied and described effects of workplace 
exposures in her classic Industrial Poisons in the United States (1925). 

Union organizing along with increased government oversight 
helped to improve working conditions in many ways in the 20th cen-
tury, but over the past 40 years in the U.S., union membership and 
influence has steadily declined. Many occupations continue to expose 
workers to elevated risks of injury and disease. Occupational diseases 
and injuries have probably always been under-recognized and under-
reported, and estimates of the degree to which workplace conditions 
contribute to disease patterns vary widely. Multifactorial diseases 
such as cancer, heart disease, and neurodegenerative disorders are 

People who live 
in neighborhoods 
that lack social 
cohesion, sidewalks, 
or safety limit their 
exercise and have 
an increased risk 
of depression and 
possibly obesity. 
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probably always under-represented. One estimate in the 1990s con-
cluded that direct and indirect costs of occupational diseases and 
injuries in the U.S. totaled $171 billion annually. This estimate is 
almost certain to be low.23 

the Indoor environment
Many people now spend more than 90 percent of their time in 
buildings, and the indoor environment has recently received much-
needed attention. New construction techniques and materials introduced 
in the latter half of the 20th century, along with the widespread use 
of central heating and air-conditioning, dramatically changed the 
indoor environment in homes, commercial, and public buildings. In 
many buildings, indoor air is contaminated with a complex mixture 
of chemicals from many sources, including emissions from building 
materials and other consumer products, fuel combustion, and mold. 
Studies show that indoor air pollution often exceeds outdoor levels.24 25  

Disease risks related to the indoor environment vary with levels of 
specific contaminants but can include asthma, bronchitis, cancer, and 
reproductive, developmental, and neurological disorders.

activity and Isolation
Regular exercise has undeniable health benefits. Exercise levels 
are in large measure a matter of individual choice but are also 
influenced by competing time demands and community features. 
People who live in neighborhoods that lack social cohesion, 
sidewalks, or safety limit their exercise and have an increased  
risk of depression and possibly obesity.26 27 28 29 

Not surprisingly, higher “walkability” ratings of neighbor-
hoods are associated with significantly more walking.30 31 Suburban 
sprawl has contributed to a marked decline in exercise levels in  
children and adults who are increasingly dependent on cars to get 
where they want to go. 

Sprawl, television, computers, and internet access also 
contribute to increasing social isolation.32 We have largely shifted 
from being a communal to a more individualistic society and have 
created a world where we often live among strangers.33 

Increasing numbers of elders are living alone, although this 
varies according to gender and ethnicity. Over the past 30 years, the 
proportion of elderly people over 75 years of age living alone has 
increased for men (from 19.1 to 23.1 percent) and women (from 37 
to 49.9 percent).34 Women over 65 are more than twice as likely as 

Poverty rates 
among older 
people living alone 
are higher than 
those of people 
living with others.
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men to live alone (40 percent vs. 19 percent), although the numbers 
are lower among Asian women (20 percent) and Hispanic women 
(26 percent) and Asian men (8 percent) and Hispanic men (15 
percent). Twenty-nine percent of black men over 65 live alone. 

Although the number has declined in recent years, about 1.5 
million people live in nursing homes, and an unknown number live 
in assisted living facilities.35

Economic Status

Poverty rates among older people living alone are higher than 
those of people living with others.36 In the U.S., the growing 
income gap between the rich and poor is one of the most signifi-

cant recent trends with striking medical and public health implica-
tions.37 Before World War II large income disparities were common, 
but in the post-war years, that gap began to narrow and a large 
middle class emerged. Since the late 1960s, however, that gap has 
steadily grown so that today, the disparities resemble those of the 
1930s.38 In 1970, according to the Census Bureau, the bottom fifth of 
families received 5.4 percent of total national income while the rich-
est fifth received 40.9 percent of the total. Twenty-five years later the 
bottom fifth’s share had fallen to 4.4 percent while the top fifth had 
increased to 46.5 percent. By 2001 the top 1 percent of households 
held 33.4 percent of all net worth in the U.S.. 

While most people are aging, their incomes are declining. The 
number of older people living in poverty has dramatically declined 
over the past half-century, from 35 percent in 1959 to 9 percent in 
2006. However, even now, this increases to 35 percent when those 
living on a low income are added. Older non-Hispanic whites are 
much less likely than their Hispanic and black counterparts to be 
living in poverty, about 7 percent compared to 19 percent and 23 
percent respectively. In all groups, older women are poorer than 
older men. For all Americans over 65 in 2006, Social Security con-
stituted 37 percent of their aggregate income, but it is 80 percent of 
total income for those in the lowest quintile.39 40 Collectively, social 
and economic conditions are powerful predictors of stress levels, 
health status, disease risk, and life expectancy.41 
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Nutrition

During the 20th century dramatic changes in food technologies 
altered food availability and dietary patterns. Commercial 
canning, freezing, and packaging techniques advanced. Home 

refrigeration lengthened storage life and many foods became more 
widely available, including meat and poultry. In the middle decades 
of the century, in response to increased understanding of the role of 
specific nutrient deficiencies in human disease, some foods were forti-
fied with vitamins and minerals. 

Shaped by the industrial model in other sectors, agricultural 
practices underwent profound changes during the 20th century. 
New plant and animal hybrids; increased reliance on mechanization; 
high inputs of petrochemical fertilizers, pesticides, and fuels; and the 
involvement of large corporations in all phases of food production 
and marketing progressively industrialized food production in the 
U.S. and other countries. Yields increased, many foods became rou-
tinely available to larger numbers of people, and food prices declined, 
particularly as a percentage of income. 

More and more acreage was shifted into large commodity 
crops of corn, soybeans, and wheat. Beef, pork, and poultry pro-
duction became more concentrated in large confined feedlots where 
animals are more rapidly grown and brought to market with grain-
based diets, often supplemented with routine use of growth-promot-
ing antibiotics and hormones. 

This approach came with costs that have never adequately 
been reflected in the price of food. Industrial agriculture forever 
changed the rural landscape and rural communities. Topsoil loss; 
pollution of air and water with agricultural chemicals; eutrophication 
of lakes, rivers, and coastal waters; loss of habitat and biodiversity; 
and economic hardship in farming communities are the legacy of this 
agricultural revolution. 

Changes in food production systems also brought change in 
the composition of food. The meat of animals raised in confined feed-
lots has significantly higher ratios of omega-6 to omega-3 fatty acids 
than do pasture-fed or free-range counterparts.42 Industrial-style 
production of poultry has had a similar impact. A 2006 report of 
43 garden crops, based on USDA data, noted a significant decline in 
protein, calcium, iron, phosphorus, riboflavin and ascorbic acid over 
the past 50 years, with no decline in vitamin A, thiamin, niacin, fat, 

Topsoil loss; 
pollution of air 
and water with 
agricultural 
chemicals; 
eutrophication of 
lakes, rivers, and 
coastal waters; 
loss of habitat 
and biodiversity; 
and economic 
hardship in farming 
communities 
are the legacy of 
this agricultural 
revolution. 
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table 1: Foods available in U.s. food supply (per person 
per year), by major food group for selected years. 

Year 1909 1945 1975 1999

      (Lbs. per person) 
Meat 228 257 261 298

Meat, poultry, and fish 176 188 207 245

red meat 148 153 148 134
poultry 17 26 47 95
Fish 11 10 12 15

Milk and milk products 345 552 453 502

Whole milk 229 344 181 72
Lowfat milks 65 40 60 131
Cheese 4 9 19 32
Other dairy 29 130 129 138

Vegetables and vegetable juices 414 400 279 302

White potatoes 188 120 82 87
Deep-yellow and dark-green vegetables 35 46 25 36
Other vegetables 145 174 127 134
tomatoes 46 61 44 45

Fruit and fruit juices 173 207 189 232

Citrus fruits 16 71 77 78
Noncitrus fruits 157 135 112 153

Grain products 300 204 139 200

Sugars and sweeteners 84 92 118 158

Fats and oils 41 42 56 73

Butter 18 11 5 5
Margarine 1 4 11 8
shortening 8 9 17 22
Lard and beef tallow 13 12 3 6
salad, cooking, and other oils 2 6 20 32
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or carbohydrate.43 Highly 
processed food that is calo-
rie rich and nutrient poor 
became widely available 
and is heavily promoted, 
especially to children.44

From 1970 to 2003, 
the average caloric intake 
per person per day increased 
from 2,234 to 2,757, after 
adjusting for waste and 
spoilage.45 Table 1 shows foods available in the U.S. food supply (per 
person annually), by major food group over a longer time frame.46 

Several trends are noteworthy:

 Grain product availability was considerably lower in 1999 than •
in 1909, although it increased after 1975. 

 The use of sugars and sweeteners has increased by over 30 per-•
cent in the past 25 years. Corn sweeteners surpassed the use of 
sugar in the 1980s and per-capita consumption of corn syrup 
increased to 79 pounds in 2003, up 400 percent from 1970.47 

 Deep yellow and dark green vegetable consumption stayed rela-•
tively constant. (These are major sources of dietary antioxidants.) 
White potato consumption declined dramatically during the first 
half of the 20th century but has increased in recent years, primar-
ily because of the popularity of frozen and French fried potatoes. 

 The consumption of fats and oils remained relatively constant •
through the first half of the 20th century but then began to 
increase dramatically. By 1999 annual per-person consumption  
of fats and oils had increased by 78 percent. 

Various forces, including dramatic increases in fried foods in 
the fast-food industry, raised fat consumption.48 During the 20th cen-
tury, the incidence of heart disease rapidly increased, and in the last 
50 years, the role of dietary fats has received much attention. 

In the 1960s an ongoing landmark epidemiologic study (the 
Framingham study) established a link between serum cholesterol 
levels and heart disease risk. Saturated fats were thought to play a 

Trans fats are now 
believed to be 
major contributors 
to heart disease 
risk, and food 
producers are 
under increasing 
pressure to 
eliminate them. 
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dominant role, and many nutritionists recommended a shift from 
butter and lard to vegetable oils and margarine containing polyun-
saturated fatty acids (PUFAs). 

For some time, important differences among PUFAs were not 
understood. PUFAs are much more susceptible to oxidation than sat-
urated fatty acids, making them more likely to turn rancid. Among 
the PUFAs, however, linoleic acid (an omega-6 fatty acid) is much 
less susceptible to oxidative damage than linolenic acid (an omega-3 
fatty acid). Thus, linolenic acid is much less likely to be used in pro-
cessed food. Although it is true that many polyunsaturated oils lower 
serum cholesterol and do not contain cholesterol themselves, it was 
not realized until more recently that some forms of linoleic acid, the 
most prevalent fatty acid in many vegetable oils, can contribute to 
inflammation, particularly when intake of omega-3 fatty acids is not 
adequate.49 50 

The shift to unsaturated cooking oils brought yet another 
unintended consequence. Early in the 20th century, the process of 
hydrogenating vegetable oils came into widespread use when the 
resulting semi-solid products were noted to extend the shelf life and, 
according to some people, improve the taste of baked goods. Later, 
partially hydrogenated oils were also promoted because they lacked 
saturated fat. As was later learned, however, the process of partially 
hydrogenating oils also created trans fats, a particularly unhealthy 
form of unsaturated fatty acids. Trans fats not only lower levels 
of good cholesterol and raise bad cholesterol but they also sharply 
increase markers of inflammation.51 Trans fats are now believed to 
be major contributors to heart disease risk, and food producers are 
under increasing pressure to eliminate them. 

As we will later discuss in more detail, today’s diet contain-
ing trans and saturated fats and inadequate levels of omega-6s and 
omega-3s is virtually certain to directly contribute to risks of cancer, 
heart disease, arthritis, obesity, cognitive decline, and in all likeli-
hood, numerous other diseases.52 

Given their economic conditions, older Americans often have 
less choice about where they live, what they eat and drink, and how 
active they can be. Consequently, their nutrition may suffer. Indeed, 
according to the Healthy Eating Index, the diets of over 75 percent of 
older Americans need improvement. This rises to over 90 percent for 
those living below the poverty level.53 
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select Disease trends in the 20th Century

Of the new disease patterns that mark the 20th century we 
will highlight obesity, diabetes, cardiovascular disease, and 
hypertension because of their relevance to neurodegenerative 

conditions later in life. Trends in cancer incidence are available from 
the National Cancer Institute.54 Trends in Alzheimer’s disease and 
Parkinson’s disease are discussed in later chapters. 

Overweight and Obesity
By themselves, overweight and  
obesity are not necessarily diseases, 
but they increase the risk of  
hypertension, type 2 diabetes,  
coronary heart disease, abnormal 
lipid profile, stroke, gall bladder 
disease, some cancers (endometrial, 
breast, colon), sleep apnea,  
osteoarthritis, and Alzheimer’s  
disease.55 In many people, obesity  
is also associated with increased 
levels of markers of inflammation 
and oxidative stress. For these  
reasons, trends in these conditions 
are highly relevant to disease patterns 
in human populations. As we can 
see from the accompanying figures, 
the prevalence of obesity among 
adults in the U.S. has increased  
dramatically in recent years.b

Obesity Trends Among U.S. Adults 2002

> 25%>

15%-19%1

20%-24%2

Obesity Trends Among U.S. Adults 1985

10%-14%1

No DataN

<10%<

b For adults, overweight and obesity 
ranges are determined by using weight 
and height to calculate a number called 
the “body mass index” (BMI). An 
adult who has a BMI between 25 and 
29.9 is considered overweight. An 
adult who has a BMI of 30 or higher 
is considered obese. A BMI calculator 
is available at: http://www.cdc.gov/
nccdphp/dnpa/bmi/index.htm. Map 
trends source: Behavioral Risk Factor 
Surveillance System, CDC.
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Childhood Overweight and Obesity
Overweight is also a serious health concern for children and ado-
lescents. Data from two NHANES surveys (1976–1980 and 2003–
2004) show that the prevalence of overweight is increasing: for 
children aged 2–5 years, prevalence increased from 5.0 percent to 
13.9 percent; for those aged 6–11 years, prevalence increased from 
6.5 percent to 18.8 percent; and for those aged 12–19 years, preva-
lence increased from 5.0 percent to 17.4 percent.56

Healthy People 2010 identified overweight and obesity as one 
of ten leading health indicators and called for a reduction in the pro-
portion of children and adolescents who are overweight or obese.57 A 
recent report concludes that the upward trend in childhood obesity 
may have leveled off.58 

Diabetes 
The accompanying figures, from the Centers for Disease Control 
and Prevention, show the extent to which diabetes has become more 
prevalent in all age groups in the U.S. in the past twenty-five years.59 

The best available evidence suggests that childhood type 1 
diabetes showed a stable and relatively low incidence over the first 
half of the 20th century, followed by a clear increase that began at 
some time around or soon after the middle of the century, with an 
incidence now of three or four in a thousand.60 In recent years, type 2 
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diabetes, previously a phenomenon of later life and frequently asso-
ciated with obesity, has become a significant and growing problem 
even among children.61 

Cardiovascular Disease
Cardiovascular disease and its associated risk factors are increasingly 
recognized as risk factors for both Alzheimer’s 
disease and vascular dementia. A sharp upturn 
in the incidence of cardiovascular disease during 
the middle of the 20th century led to considerable 
research into its origins and measures to prevent 
it. Declines in death from cardiovascular disease 
during the past 25 years are due to a combina-
tion of factors including early detection, smoking 
reduction (the first surgeon general’s report on 
smoking and health was issued in 1964), blood 
pressure control, decrease in blood cholesterol 
levels through dietary changes, and improvements 
in medical care, including emergency manage-
ment and pharmaceutical interventions.62 Accord-
ing to one analysis, about half of the reduction 
in cardiovascular mortality can be explained by 
reduction in risk factors, and the other half by 
pharmaceutical and other therapeutic interven-
tions.63 Heart disease, however, remains the lead-
ing cause of death in men and women in the U.S.64

hypertension
According to the Centers for Disease Control, the 
prevalence of hypertension, defined as elevated 
blood pressure or taking antihypertensive medica-
tion, increases with age. In 2001–2004, 30 per-
cent of men and 33 percent of women age 45–54 
years had hypertension. This increases to 69 percent of men and 82 
percent of women age 75 years and over.65 Although data gaps make 
it difficult to determine changes in prevalence over many decades, 
evidence is sufficient to conclude that age-adjusted hypertension 
increased in the U.S. population during the years 1988–2000.66
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Conclusion 

We have briefly described significant changes in many aspects 
of the natural, built, and social environments that have 
occurred over the past 50–100 years. Public health and 

medical advances have contributed to increased longevity. The 
epidemiologic transition to today’s disease patterns has occurred 
within that context. 

In this broad overview of macro-level variables, we begin to 
see some of the drivers of health and disease patterns. While many 
features of today’s world promote health and enjoyment, some also 
increase the risk of chronic, degenerative diseases later in life—

widespread exposure to toxic chemicals and 
other environmental contaminants, increasing 
social stress and isolation, inactivity, and diets 
heavily influenced by an agricultural system that 
is dependent on high inputs of fuels, chemicals, 
and fertilizers and geared more to shelf-life and 
transportability than to nutrient balance. 

We will soon look more closely at the 
details of how some of these pose threats to healthy 
brain aging and contribute to other associated 
chronic illnesses. In preparation for that we turn 
first to a short primer on brain function.

While many 
features of  
today’s world  
promote health 
and enjoyment, 
some also increase  
the risk of chronic, 
degenerative 
diseases later  
in life.
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Nature and healthy aging: 
Green is Good for Your health
BUrGeONING MOVeMeNts sUCh as urban 
gardening, horticultural therapy, reconnecting kids 
with nature, and green roofs on office buildings are 
rooted in the reawakened understanding that the 
natural environment is good for the health of people 
and the planet.

a growing body of scientific evidence indicates that 
nature can help heal people’s minds and bodies, 
and the benefits of both looking at nature and being 
in nature. 

In settings where health is a top priority, such as 
hospitals, views of nature from hospital beds can 
speed healing, reduce need for pain medications, 
and improve mood. healing gardens in hospitals 
are therapeutic for patients, visitors and health 
professionals alike. Looking at plants, trees and 
animals is good for mental and emotional health, 
and can even sustain attention. Interacting with 
nature is also a health tonic. Gardening reduces 
stress and builds social networks. Wilderness 
experiences are beneficial for cognitive disabilities 
and improve the self-esteem and wellbeing of inner 
city children. Jogging in the green outdoors seems 
to provide greater positive feelings than the same 
activity in a gym. horticultural therapy can be a 
beneficial influence on everything from heart disease 
to dementia. the growing body of evidence suggests 
that people benefit so much both physically and 
mentally from contact with nature that it should be 
considered a public health strategy.1 2 

the american public health association (apha) 
apparently agrees. a recent apha article states that 
the “intersections between healthy people and a 
healthy environment are becoming clearer every 
day.” addressing the movement to reconnect kids 
with nature, a clarion call sounded by richard 
Louv’s book Last Child in the Woods: saving Our 
Children from Nature-Deficit Disorder, the apha 
notes that the recent trend away from outdoor play 
and activities is troubling both environmentalists and 
public health experts. It goes on to say that “experts 
predict that good health will be a major motivator in 
bringing families back to nature.” 3

although bringing nature back into children’s lives is 
a larger movement at present, in part because of the 
epidemic of obesity and other conditions linked to 
lack of exercise, we know major benefits also accrue 
to adults and elders from contacts with the natural 
world and exercise. this should become a priority 
in and around places where many aging people 
spend time, such as nursing homes, assisted-living 
facilities, and lower-income housing.

economically distressed families and communities, 
who are already at greater risk of health problems, 
also tend to have  
less access to nature.  
We must ensure that  
urban environments 
include ample green  
spaces, parks, and  
safe playgrounds.  
(see chapter 2).  

Using the experience 
of nature as a prevention tactic makes good 
environmental and economic sense. there is a 
growing consensus that interdisciplinary dialogue 
and innovative social policy need to be fostered 
to advance efforts to once again bring nature into 
people’s lives at home, at work, at school, and in 
health care facilities, especially for the neediest 
and most vulnerable members of our communities. 
however, “public health strategies are yet to maximize 
the untapped resource nature provides.”4

If we routinely plant the seeds of this prevention 
strategy, we can reap great rewards.

Resources:

Children and Nature Network:  
http://www.cnaturenet.org/

endnotes
Frumkin h, Louv r. the powerful link between conserving land 1. 
and preserving health. Land trust alliance special anniversary 
report 2007. available at: http://www.cnaturenet.org/
resourcestools/FrumkinLouv.pdf. accessed May 15, 2008.

st. Leger L. health and nature—new challenges for health 2. 
promotion. health promotion International 2003;18:173-175.

american public health association. the Nation’s health. 3. 
Washington DC. October 2007.

Maller C, townsend M, pryor a, st. Leger L. healthy nature, 4. 
healthy people: contact with nature as an upstream health 
promotion intervention for populations. health promotion 
International 2006; 21(1):45-54.

A growing body 
of scientific 
evidence indicates 
that nature can 
help heal people’s 
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The diagrams above show the location of some key brain structures 
discussed in this report. The sagittal view shows a slice of the brain at 
about the midpoint as seen from the side. For instructional purposes, 
some structures are shown that are not technically visible at the mid point 
of the brain. The coronal diagram shows a slice through the forebrain 
viewed from the front. The diagrams show approximate locations only. 
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The brain is arguably the most complicated and least understood 
organ of the human body. Although much was accomplished 
in brain research during the 20th century, recent innovations in 

radiologic imaging, neurochemistry, neuroimmunology, genetics, and 
more have advanced our knowledge dramatically. We have learned, 
for instance, that adult brains are capable of creating new neurons, 
contrary to the conventional idea that humans are born with all the 
neurons they will ever have.1 Modern imaging technology has allowed 
us to noninvasively observe patterns of neural activity during mental 
tasks, such as reading and adding numbers, so that we are beginning 
to get a much more dynamic view of structure and function.2 

Basic Neuroanatomy: Subsections  
of the Brain and Their Functions

The human brain can be anatomically divided into three broad 
regions: forebrain, midbrain, and hindbrain. The forebrain is the 
largest of these regions and contains the cerebral hemispheres, 

the areas most often associated with the unique cognitive abilities of 
humans. The cerebral hemispheres contain a number of deep-lying 
structures—including the basal ganglia, hippocampus, and amygdala—
all enveloped in a wrinkled outer layer, the cerebral cortex. 

The basal ganglia, clusters of cells that act as hubs for neural 
signals, are involved in a broad range of functions from motor con-
trol to emotion and learning. The hippocampus is highly involved 
in memory, particularly in the formation of new memories about 
experienced events (or episodic memory), and may be one of the first 
regions to undergo changes in Alzheimer’s disease. The amygdala is 
involved in emotional processing, particularly in attaching emotional 
associations to memories. Another forebrain structure, the basal 
nucleus of Meynert, is a center for the production of the neurotrans-
mitter acetylcholine.

Cha p T e r  3
a primer on  
Brain Structure  
and Function

The first known written 
reference to the brain,  
this ancient egyptian 
hieroglyph was written 
around the 17th century BC. 

Modern imaging 
technology has 
allowed us to 
noninvasively 
observe patterns 
of neural activity 
during mental tasks.
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The tissue of the outer layer of the cerebral cortex con-
sists mainly of neural cell bodies and is known as gray matter. Just 
beneath run neural projections that relay signals between cortical 
cells and virtually every other area of the brain. This tissue is known 
as white matter, owing to the myelin encasing the neural projections 
that makes it appear white to the naked eye. Damage to either the 
gray matter of the cerebral cortex or the underlying white matter can 
produce specific cognitive deficits. For example, lesions to Broca’s or 
Wernicke’s areas produce deficits in language expression and compre-
hension, respectively. Interruption of the white matter tracts connect-
ing Broca’s and Wernicke’s areas produces more nuanced deficits in 
both language expression and comprehension.

The midbrain and hindbrain are both smaller than the fore-
brain but regulate essential involuntary functions, such as heart 
rate and breathing. One hindbrain structure, the cerebellum, is also 
involved in movement and the learning of motor skills. Clusters of 
cells (nuclei) located in the midbrain and hindbrain produce essen-
tial neurotransmitters and interconnect with higher areas of the 

brain. These include the substantia nigra 
and raphe nuclei, which produce dopamine 
and serotonin, respectively. Both dopamine 
and serotonin have a wide range of effects 
on cognition, and dopamine in particular 
is involved in motor function. Since the 
nuclei of the midbrain and hindbrain are the 
centers of neurotransmitter production and 
interact with virtually every other part of 
the central nervous system, damage to any 
one of them can dramatically affect a host 
of neurological functions.

The Brain at the Cellular Level

The brain consists of roughly 100 billion neurons and an additional 
1–5 trillion support cells known as glia. Estimating the exact 
number of cells in the brain has been difficult due in part to their 

sheer density. Neurons connect to one another at microscopic points 
of contact, known as synapses, where signals are transmitted through 
the release of neurotransmitters. Each individual neuron can have 
anywhere from a handful to several thousand synapses with other 

Damage to either 
the gray matter of 
the cerebral cortex 
or the underlying 
white matter can 
produce specific 
cognitive deficits.
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neurons, putting the potential number of synapses in the brain in the 
hundreds of trillions.3 Furthermore, synaptic connections are not static 
but can change depending on how frequently they are activated or in 
response to chemical signals in their environment, such as hormones 
or growth factors. It is this web of dynamic interconnections that is 
thought to underlie the brain’s ability to orchestrate everything from 
unconscious activities, such as heart rate and breathing, to higher 
functions such as language, emotion, memory, 
and the ability to make conscious physical 
movements. Formation of new memories, in 
particular, is believed to be mediated by the 
modulation of synaptic connections.4 5

Neurotransmitters released into the 
synapse bind to receptor proteins embedded 
in the post-synaptic cell wall much like a key 
fitting into a lock. Once bound to the recep-
tor, the neurotransmitter-receptor complex can 
change the cell’s electrochemical state, making 
it more excited. If a neural cell becomes suf-
ficiently stimulated, it will initiate a new neural 
impulse, which will then trigger the release of 
neurotransmitters at another synapse, where 
the process repeats. 

Repeated activation can increase the 
strength of the synaptic connection between two neurons in a phe-
nomenon known as long-term potentiation, so that an incoming 
neural impulse of the same strength will trigger a stronger response 
in the post-synaptic cell once the connection is potentiated. A similar 
phenomenon in which synaptic connections are weakened, known 
as long-term depression, can also occur. Long-term potentiation has 
been closely associated with performance in animal models of learn-
ing and memory, and presence of soluble amyloid-beta, a protein 
thought to be of importance in the development of Alzheimer’s dis-
ease, has been shown to interfere with potentiation.6 

The strengthening and weakening of synaptic connections is 
thought to be the most basic element of information processing in the 
brain, similar to the storage of 0s and 1s in a computer system. If we 
view the activation of a single synapse as analogous to the processing 
of one operation by a computer, and assume the brain has 100 billion 
neurons with an average of 10,000 synapses each that become activated 

axon of
presynaptic

neuron

vesicles of
neurotransmitter

receptor
site

dendrite of
postsynaptic

neuron

SYNAPSE
transmission at synapse

(arrow indicates direction of impulse)

neurotransmitter
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10 times per second, then the brain can perform a staggering 10 
quadrillion (1016) operations per second. By comparison, current high-
end home computers perform around 20 billion operations per second, 
and the fastest supercomputer in the world as of June 2007 performed 
around 600 trillion (6 X 1014) operations per second. In terms of this 
analogy, it would take about 17 supercomputers or half a million 
high-end personal computers to match the processing speed of a single 
healthy human brain. Thus, although it would be grossly inaccurate 
to state that brains and computers function in the same way, the 
human brain can nonetheless be viewed as a truly prolific information 
processor, owing in large part to its extensive web of interconnections. 
Loss of synapses—decreases in the brain’s connections—occurs in 
many neurodegenerative conditions such as Alzheimer’s disease.7

Glial Cells

When first discovered, these cells were thought simply to provide 
 structural support for neurons by holding them in place 
and so were called “glia,” Greek for “glue.” Glial cells are 

now understood to play numerous vital roles in the brain. There are 
three main types of glial cells in the central nervous system, each with 
specific functions:

 Astrocytes help to regulate the neuronal environment by absorb-•
ing and releasing chemicals. They have been implicated in diverse 
roles ranging from participation in signal transmission to regula-
tion of neuronal activity and synaptic network formation.

 Oligodendrocytes wrap neural extensions in myelin, a fatty insu-•
lating substance that greatly increases the speed at which neural 
impulses travel. 

 Microglia perform immune functions in the brain and are •
extremely sensitive to signals in their surroundings that  
indicate distress. 

Although the brain is normally protected from most patho-
gens by the blood-brain barrier, when infectious agents do enter 
the brain microglia react quickly in order to minimize damage to 
sensitive neuronal tissue. The microglial response to cellular distress 
signals is twofold, propagating distress signals to other microglia 
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through the release of chemical 
messengers and releasing cytotoxic 
chemicals that can lead to neural 
cell death. Cytotoxic chemicals 
include those that trigger apoptosis 
(programmed cell death), as well 
as other highly reactive chemi-
cals such as hydrogen peroxide 
and nitric oxide that can directly 
damage cells. In other words, while 
microglia provide a quick reaction 
to infectious agents, the price of 
their rapid immune response can 
be the destruction of many healthy 
nerve cells. 

Under normal circumstances, 
microglia facilitate brain reorga-
nization, assisting in such tasks as 
synapse remodeling, controlled cell 
death, and the clearing of cellular 
debris. They are also important 
in regulating brain development 
and can exert neuroprotective 
effects through the release of anti-
inflammatory chemicals and growth 
factors. However, microglia have 
many known pathological roles as 
well, most of which are thought to result from their chronic overac-
tivation. One role that has gained significant notoriety is the selec-
tive destruction of dopamine-producing neurons through chronic 
and progressive inflammation in Parkinson’s disease (see chapter 6).8 
In some cases, destruction of neurons can lead to further release of 
microglia-activating compounds, resulting in a vicious cycle of micro-
glial activation and cell death. Chronic microglial activity has been 
implicated in the causation and development of Alzheimer’s disease 
as well, and may also be involved in other forms of neurodegenera-
tion including multiple sclerosis, amyotrophic lateral sclerosis, and 
Huntington’s disease.9

The Blood Brain 
Barrier

Cells lining the walls of blood vessels in the brain, as well 
as associated glial cells, participate in regulating the 
passage of chemicals into and out of the central nervous 

system, forming what is known as the blood-brain barrier. 
astrocytes (a type of glial cell) physically contact blood vessels 
and can influence their activity and gene expression patterns 
through the release of chemical messengers. although microglia 
are usually not considered part of the blood-brain barrier, they 
are both physically and functionally associated with it. Microglia 
do not perform any actual barrier function themselves but rather 
influence barrier properties through release of chemicals such as 
nitric oxide, interleukin 1–beta and tumor necrosis factor–alpha 
(see chapter 6). 11 12 13

The selectivity with which the blood-brain barrier regulates 
the passage of substances into and out of the brain changes 
under different conditions. For instance, permeability increases 
markedly under conditions of oxygen and glucose deprivation, 
as well as in response to proinflammatory biochemical signals. 
During development, higher permeability can allow toxicants into 
the developing brain. Dysfunction of the blood-brain barrier also 
commonly occurs at the other end of the lifespan, and higher 
levels of permeability have been correlated with more rapid 
progression of dementia. however, while changes in blood-
brain barrier permeability are associated with dementia, their 
significance in the disease process is still unclear.

HOW it
WORKS
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Neurologic Changes in Alzheimer’s and 
Parkinson’s Diseases

Typically, dementia first affects the forebrain structures involved 
in memory and judgment and then progresses to hindbrain 
structures that regulate balance and coordination. While virtu-

ally every region of the brain may sustain some form of damage in 
neurodegenerative disease, certain areas appear to undergo patho-
logical changes more frequently than others. As the structure most 
commonly associated with memory, damage to the hippocampus 
is generally considered to result in some of the first clinical symp-
toms of Alzheimer’s disease. Studies of human patients as well as 
controlled studies in animals have demonstrated that hippocampal 
damage produces profound deficits in spatial navigation and episodic 
memory.14

The basal nucleus of Meynert is another brain structure that 
is commonly affected in neurodegenerative disease. Damage to this 
area has classically been associated with Alzheimer’s disease15 but is 
common in other forms of neurodegeneration as well.16 

Since the basal nucleus of Meynert is a central part of the 
brain’s acetylcholine system, the loss of neurons in this area deprives 

higher brain regions of 
acetylcholinergic input. The 
neurotransmitter acetylcholine 
has known roles in learning 
and memory and has been 
shown to play a role in long-
term potentiation.17 Animal 
studies show that damaging 
acetylcholine-producing neurons 
in the basal nucleus of Meynert 
and damaging the higher cortical 
areas to which they connect yield 
similar behavioral impairments.18 
Pharmacologically blocking 
acetylcholine activity has 
negative effects on measures of 

environmental
toxicants

microglia
activation

endogenous
signaling
proteins

neurotoxicity

cytotoxins

cycle of microglial
activation

Certain substances from the nutritional and chemical envi-
ronment are able to cross the blood-brain barrier and trigger 
microglial activation. When activated, microglia attempt to 
eliminate the perceived threat by releasing cytotoxic chemi-
cals that may also damage neurons, which in turn can lead 
to the release of more microglia-activating compounds.
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cognitive performance,19 and most medications that have been shown 
to temporarily improve cognitive function in Alzheimer’s disease work 
by increasing brain levels of acetylcholine. Thus, it is not surprising 
that the loss of a neurotransmitter so intimately involved in learning, 
memory, and cognition would be a common finding in dementia.

Loss of dopamine-producing neurons in the substantia nigra 
is a cardinal feature of Parkinson’s disease. As cells in this region 
normally project to parts of the basal ganglia which in turn project 
to several other higher brain regions, their loss also has widespread 
effects on brain function. Among the most notable of these effects 
is  loss of the ability to execute voluntary movements, the primary 
symptom of Parkinson’s disease. Among other cognitive processes, 
dopamine signaling is involved in attention, memory, and motivation. 
It has also been extensively studied for its roles in the brain’s pleasure 
systems and addiction. Abnormal dopaminergic signaling is thought 
to explain the compulsive risk-seeking behaviors (such as compulsive 
gambling) that occur in a subset of medicated Parkinson’s patients.20 
While dopaminergic dysfunction is of central importance in move-
ment disorders, it may be a factor in cognitive impairment as well.21

Other neurotransmitter systems such as serotonin, gluta-
mate, and norepinephrine also show some evidence of involvement 
in neurodegenerative disease. Although discussing the roles of each 
system in these disorders is beyond the scope of this chapter, it is 
worth noting that deficits in multiple neurotransmitter systems may 
interact synergistically to affect cognition. Furthermore, changes in 
the expression of neurotransmitter receptors and other factors that 
affect neural communication may also be important in age-associated 
cognitive impairment.

pathological Markers of  
Neurodegenerative Disease

Post-mortem studies of the brains of patients with neurodegener-
ative diseases often show characteristic abnormalities, known as 
pathological markers. While they do not show the whole picture 

of what has gone wrong in a cognitively impaired brain, these abnor-
malities are considered to be the microscopic physical manifestations 
of the disease process.

Conventional definitions of neurodegenerative diseases often 
suggest that each one has a circumscribed set of pathological fea-
tures. For example, Alzheimer’s disease is said to be characterized by 
amyloid plaques and neurofibrillary tangles, and Parkinson’s disease 
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by Lewy bodies. In reality, however, pathology is often spread across 
a spectrum, with significant overlap in pathological markers and 
cognitive symptoms across many supposedly distinct disease states. 
The notion of a continuum of pathological and cognitive features in 
neurodegenerative disease is further addressed in chapter 5. 

Amyloid plaques, the principle pathological marker of 
Alzheimer’s disease, consist of aggregates of a small protein known 
as amyloid-beta. While normally produced throughout the body and 
potentially playing some important physiological roles at low con-
centrations, increased amyloid-beta levels in Alzheimer’s disease lead 
to the formation of insoluble aggregates in the brain. These aggre-
gates, also known as senile plaques, in turn seem to be associated 
with damage to nearby brain cells and microglial activation.

Neurofibrillary tangles are the second pathological hallmark 
of Alzheimer’s disease and consist of a modified structural protein 
known as tau. Neurofibrillary tangles and other abnormal tau aggre-
gates also occur across a spectrum of other neurodegenerative condi-
tions, such as frontotemporal dementia and multiple system atrophy. 
Under normal circumstances tau proteins assist in stabilizing the 
structure of the neuron, but in disease states they may stick to one 
another inappropriately, leading to cellular dysfunction. Although 
the links between neurofibrillary tangles and amyloid plaques are 
unclear, they tend to appear together in Alzheimer’s disease and may 
both be necessary for cognitive impairment to occur. 

Lewy bodies are a third type of pathological marker com-
prised of intracellular aggregates of the protein alpha-synuclein as 
well as an assortment of other proteins. While the physiological 
function of alpha-synuclein has yet to be explained, it tends to be 
concentrated around synapses and may be involved in cell structure 
arrangement.22 Although best known for their appearance in the sub-
stantia nigra in most cases of Parkinson’s disease, Lewy bodies have 
also been found in several other forms of neurodegeneration, and 
distinct cortical and subcortical types have been recognized. While 
it is still not clear what causes the formation of Lewy bodies, they 
may result from the buildup of waste products when cellular protein 
recycling mechanisms stop functioning properly.23 

Even though pathological markers are often associated with 
cellular dysfunction in the brain, they should not necessarily be 
thought of as the drivers of the disease process. Pathological markers 
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usually appear as parts of feedback loops in which their formation 
contributes to cellular dysfunction, which in turn contributes to their 
formation. However, they may not be the initiators of these vicious 
cycles. Instead, systemic conditions and environmental influences 
may well create the conditions for these processes to occur and,  
perhaps in the setting of susceptibility genes, provide the impetus to 
set them into motion. We discuss the conditions of oxidative stress 
and inflammation as key factors in these processes in chapter 6. 

Normally, the brain maintains its function well into the late 
years of life even though structural changes associated with normal 
aging may be present. Neuroscientists have described considerable 
plasticity in the aging brain that permits recruitment of new path-
ways to accomplish neurological functions when older, well estab-
lished pathways no longer work as well as they once did because of 
the normal aging process. 

The next chapter summarizes general physiologic changes 
associated with normal aging and considers the aging brain in the 
context of total life history. Distinguishing changes associated with 
normal aging from those that are the manifestations of neurodegen-
erative disease is often difficult and subject to considerable debate.

Even though pathological 
markers are often associated 
with cellular dysfunction in 
the brain, they should not 
necessarily be thought of as the 
drivers of the disease process.



p a g e  4 8  E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

endnotes
Gage F. Neurogenesis in the adult brain. J Neurosci. 1. 
2002;22(3):612-613. 

Ogawa S, Tank DW, Menon r, et al. Intrinsic signal changes 2. 
accompanying sensory stimulation: functional brain mapping 
with magnetic resonance imaging. proc Natl acad Sci USa. 
1992;89(13):5951-5955.

Drachman, Da. Do we have brain to spare? Neurology. 3. 
2005;64:2004-2005.

Bliss T, Collingridge G, Laroche S. Zap and ZIp, a story to 4. 
forget. Science. 2006;313:1058-1059.

Whitlock J, heynen aJ, Shuler MG, et al. Learning induces 5. 
long-term potentiation in the hippocampus. Science. 
2006;313:1093-1097.

Chen QS, Kagan BL, hirakura Y, et al. Impairment of 6. 
hippocampal long-term potentiation by alzheimer amyloid 
beta-peptides. J Neurosci res. 2000;60(1):65-72.

Terry rD, Masliah e, Salmon Dp, et al. physical basis of 7. 
cognitive alterations in alzheimer’s disease: synapse loss is 
the major correlate of cognitive impairment. ann Neurol. 
1991;30:572-580.

Gao h, Jiang J, Wilson B, et al. Microglial activation-8. 
mediated delayed and progressive degeneration of rat nigral 
dopaminergic neurons: relevance to parkinson’s disease. J 
Neurochem. 2002;81:1285-1297.

Block ML, Zecca L, hong JS. Microglia-mediated neurotoxicity: 9. 
uncovering the molecular mechanisms. Nat rev Neurosci. 
2007;8:57-69.

Bowman GL, Kaye Ja, Moore M, et al. Blood-brain barrier 10. 
impairment in alzheimer disease: stability and functional 
significance. Neurology. 2007;68:1809-1814.

Block ML, Zecca L, hong JS. Microglia-mediated neurotoxicity: 11. 
uncovering the molecular mechanisms. Nat rev Neurosci. 
2007;8:57-69.

Yamagata K, Tagami M, Takenaga F, et al. hypoxia-induced 12. 
changes in tight junction permeability of brain capillary 
endothelail cells are associated with IL-1beta and nitric oxide. 
Neurobiol Dis. 2004;17:491-499.

Mark KS, Miller DW. Increased permeability of primary cultured 13. 
brain microvessel endothelial cell monolayers following TNF-
alpha exposure. Life Sci. 1999;64:1941-53.

Verhaeghen p, Marcoen a, Goossens L. Facts and fiction about 14. 
memory aging: a quantitative integration of research findings. 
J Gerontol. 1993;48:157-171.

Whitehouse pJ, price DL, Struble rG, et al. alzheimer’s disease 15. 
and senile dementia: loss of neurons in the basal forebrain. 
Science. 1982;215(4537):1237-1239.

Samuel W, alford M, hofstetter Cr, et al. Dementia with 16. 
Lewy bodies versus pure alzheimer disease: differences in 
cognition, neuropathology, cholinergic dysfunction, and 
synapse density. J Neuropathol exp Neurol. 1997;56(5):499-
508.

McKay Be, placzek aN, Dani Ja. regulation of synaptic 17. 
transmission and plasticity by neuronal nicotinic acetylcholine 
receptors. Biochem pharmacol. 2007;74(8):1120-1133.

Muir JL. acetylcholine, aging, and alzheimer’s Disease. 18. 
pharmacol Biochem Behav. 1997;56(4):687-696.

Muir JL. acetylcholine, aging, and alzheimer’s Disease. 19. 
pharmacol Biochem Behav. 1997;56(4):687-696.

Imamura a, Uitti rJ, Wszolek ZK. Dopamine agonist therapy 20. 
for parkinson disease and pathological gambling. parkinsonism 
relat Disord. 2006;12(8):506-508.

Kaasinen V and rinne JO. Functional imaging studies 21. 
of dopamine system and cognition in normal aging and 
parkinson’s disease. Neurosci Biobehav rev. 2002;26:785-
793.

alim Ma, Ma QL, Takeda K, et al. Demonstration of a role for 22. 
α-synuclein as a functional microtubule-associated protein. J 
alzheimers Dis. 2004;6(4):435-442.

Olanow CW, perl DL, DeMartino GN, et al. Lewy-body 23. 
formation is an aggresome-related process: a hypothesis. 
Lancet Neurol. 2004;3(8):496-503.



E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g  p a g e  4 9

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

Virtually all biological systems normally undergo functional 
changes with aging, and the brain is no exception. We can think 
of age-related changes in brain function as being on the trajectory 

of an arc that begins decades earlier during fetal development. At 
any age, distinguishing normal variations in brain function from 
pathological conditions is sometimes challenging and can be especially 
difficult in later years. Individual differences in the timing, nature, and 
extent of functional decline are common. Social perceptions can also 
influence how we interpret obvious abnormalities in brain function. 
Neurologist Peter J. Whitehouse notes, “Our concepts of Alzheimer’s 
disease moved from a social model before the turn of the 19th century 
to a focus on biology in the early 1900s, to a return to psychosocial 
aspects in mid-century, and then again to the current biological focus 
at the end of the 20th century.”1 

Age-related changes in brain function must also be consid-
ered within the context of more general biological and social health. 
Aging inevitably includes changes in the physiologic functions of 
most systems of the body. Ultimately, of course, aging leads to loss 
of resilience and increased vulnerability to disease, finally resulting in 
functional losses that are incompatible with life, and death follows. 

Physiologic Changes Associated with Normal Aging 

Fetuses, infants, and children acquire functional capacities at 
various times during development. For example, different meta-
bolic systems come on line throughout fetal development and 

infancy. Lung function is not fully developed until young adulthood. 
Reproductive functional development begins in the fetus and infant, 
undergoes a period of latency, and is reawakened in puberty. 

Toward the other end of the arc, as people age genetic and 
other kinds of chromosomal damage increase while cellular repair 

ChA P t e r  4
An Arc Across the 
Lifespan: From the 
Beginning
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responses decrease. 
Renal blood flow and 
kidney function decline. 
Motility of portions 
of the intestinal tract 
decreases, as does 
gastric acid secretion. 
Combined with 
decreased intake of 
nutrients in the elderly, 
these changes may 
result in malnutrition.2 

Some liver enzymes responsible for metabolizing pharmaceuticals and 
other foreign chemicals or environmental contaminants are reduced 
in the elderly.3 Consequently, the toxicity of chemical agents can be 
enhanced or, on occasion, reduced if metabolic activation by enzymes 
is necessary to form a more toxic substance. Levels of many hormones 
decline with age, sometimes dramatically as during menopause. The 
function of the blood-brain barrier also declines with age, allowing 
blood-borne toxicants to acquire previously restricted access to brain 
tissue.4 Thus, as the brain ages it may also become more vulnerable to 
environmental factors that contribute to further degeneration. 

It is also important to consider the influences of genetics and a 
lifetime of social and environmental influences in order to understand 
the timing and severity of functional declines and vulnerabilities in 
later life. 

the Natural history of Brain Development  
and Aging

Brain Development 

Brain development begins soon after conception and continues 
into young adulthood. In the fetus, cells in the brain prolifer-
ate, migrate to their appropriate positions, and differentiate 

into various specialized cell types. Complex networks of neurons are 
connected through synapses, many of which are normally pruned in 
early childhood. Many nerve fibers are coated with a sheath of fat-
containing myelin that facilitates nerve transmission. Myelination in 

As the brain 
ages it may also 
become more 
vulnerable to 
environmental 
factors that 
contribute 
to further 
degeneration. 
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the fetal brain begins during the later stages of pregnancy and contin-
ues throughout childhood and the teen age years. 

During the first few years of life, children develop motor skills 
(rolling over, standing, walking) and begin to understand and express 
language. Later they begin to regulate attention and emotional expres-
sion; improve motor coordination, visual processing, and visual-spatial 
skills; and develop more complex information processing. 

With the onset of puberty the brain undergoes further trans-
formation under the influence of sex hormones. New axons and den-
drites elaborate from neurons. New neural connections develop while 
others are pruned back. Further myelination results in a net increase 
in the ratio of white-to-gray matter.5 These changes ultimately con-
tribute to further development of abstract thinking, organizational 
and planning skills, and the ability to store and retrieve information 
and make decisions in early adulthood. 

Factors that converge to affect this trajectory of skill acquisi-
tion include genetic inheritance; maternal nutrition during pregnancy 
and nutrition throughout infancy, childhood, and early adulthood; 
the quality of the social environment; education; and the presence or 
absence of exposures to toxic agents, infections, illnesses, or injuries 
that can interfere with normal brain development. 

A considerable amount of plasticity (the ability to physically 
and functionally change and adapt) is inherent in the brain, ensuring 
some capacity to cope with or buffer challenges to normal development.  
But that plasticity is also limited and studies show that damage 
resulting from exposure to neurodevelopmental toxicants, such as 
lead, sometimes in combination with micronutrient deficiencies and 
compromised social circumstances, can only partially be alleviated.6 7 

Consequently, early life events or circumstances can have enduring 
impacts on adult cognitive abilities and behavior.8 

The capacity of the brain to change and adapt is not confined 
to periods of early development. Learning and memory throughout 
life are based primarily on the strengthening of synaptic function or 
structural changes that occur in response to experience.9 Neurosci-
entists have shown that the adult brain is even capable of generating 
new neurons from primitive stem cells in some areas, overturning 
long-held dogma that this was impossible.10 Compensatory mecha-
nisms can counteract age-related declines in brain function.11 These 
observations are important when considering strategies for delaying 
the onset or slowing cognitive decline in later years. We will return  
to this later. 
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healthy Brain Aging 
As healthy people age, declines in cognitive function and other evi-
dence of neurological degeneration become increasingly likely. This 
occurs in virtually everyone although some people experience altered 
brain function at an earlier age or at a faster rate than others. The 
reasons for this variability are not always well understood, but in 
addition to genetic susceptibility factors such as hypertension, poor 
nutrition, excessive alcohol ingestion, lack of exercise, and stress can 
increase the rate and extent of cognitive decline.12 Hormonal changes 
during normal aging are also likely to play a role. 

Distinguishing the cognitive decline of normal aging from that 
due to various pathological processes, including Alzheimer’s disease, is 
an ongoing challenge. Memory impairment in tasks that rely on atten-
tion and controlled processing of information is common with normal 

aging.13 14 In particular, 
memory necessary for the  
acquisition and processing  
of new information, as well 
as memory necessary for 
holding information during 
processing, tend to decline 
with age.15 Some kinds 
of learning, particularly 
those that require speed 
and motor coordination, 
become increasingly difficult 
with age.16 These impairments 

are associated with volume loss and depletion of certain neurotrans-
mitters in the frontal region of the brain. The number of synapses 
and synaptic function in some areas of the brain also diminish with 
advancing age.17 18 Receptors for the neurotransmitter glutamate 
decrease in synaptic junctions, contributing to decline in synapse  
function.19 Levels of neurotransmitters, including dopamine and  
acetylcholine, also decline in several areas of the brain.20 

It would be a mistake, however, to conclude that normal  
brain aging inevitably results in inalterable, steadily declining 
function. Recent studies in animals and humans show that 
retained plasticity enables aging brains to acquire or reacquire 
motor and cognitive skills. The mechanisms and brain circuitry 
involved, however, may be quite different from those used for skill 
acquisition during brain development.21 22 
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In summary, we can think of an arc of brain development 
and function that begins soon after conception and progresses along 
a trajectory into adulthood and older age. The shape of that trajec-
tory—its features, length, and rate of change—can be profoundly 
influenced by many interacting genetic and environmental factors 
encountered throughout the lifespan.

early Life events and the Developmental Basis of 
Adult Neurodegenerative Disease 

Brain reserve 
Neuroscientists generally acknowledge the likelihood that, in many 
people, neurodegenerative conditions—whether the normal cogni-
tive impairment of aging, relentlessly progressive Alzheimer’s disease, 
or Parkinson’s disease—may be initiated decades before symptoms 
become apparent.23 However, the timing of the onset and progres-
sion of symptoms may be influenced by brain “reserve”—delayed 
in people with more reserve and accelerated in those with less. This 
means the onset of symptoms due to a neurodegenerative condition 
could conceivably be delayed either by slowing down the pathologi-
cal process or by increasing brain reserve.

The idea of brain reserve took hold in the 1980s after an 
autopsy study of nursing home residents with and without demen-
tia.24 It showed that the brains of some elderly people without signs 
of dementia before death had abundant plaques and tangles, hall-
marks of Alzheimer’s disease, but without the typical loss of neurons 
and brain volume. This suggested either that they had somehow 
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escaped the neuronal loss seen in most cases of Alzheimer’s disease or 
that they began with a larger initial reserve of neurons.

Additional studies have confirmed that some individuals have 
dementia without extensive pathological findings, while others have 
extensive pathology without much cognitive impairment. In a recent 
effort to understand these discrepancies, 81 patients with the diagnosis 
of Alzheimer’s disease and no other recognizable reasons for their cog-
nitive decline were carefully evaluated in order to quantify the extent 
of their dementia.25 Following their deaths, the researchers examined 
their brains for pathological changes. They concluded that there was 
a fairly close correlation between the numbers of plaques and tangles 
in brain tissue and the degree of dementia in people who had early-
onset Alzheimer’s disease, but the correlation became less prominent 
in older people. These findings are consistent with the hypothesis that 
the manifestations of Alzheimer’s disease in older people are more 
likely to be influenced by multiple interacting factors such as vascular 
disease and reduced blood flow, social isolation, undernutrition, and so 
on. Whether or not early-onset and late-onset Alzheimer’s are funda-
mentally different in other ways is not known. But a variety of factors, 
including nutrition, experience, education, and social support, have 
been proposed as contributing to brain reserve and building resilience 
to disease or age-related declines in function. 

the Barker hypothesis and early Origins of Adult Disease 
The related concepts of early origins of adult disease and building 
resilience to reduce disease risk have strong support in other areas 

Epigenetics 

epigenetics refers to modifications to genes, other than changes 
in the DNA sequence, that influence gene expression. these 
modifications can include adding molecules, such as methyl 
groups, to the DNA backbone of a gene or altering histones, 
which are proteins associated with the gene. rNA interference 
with gene expression is a third mechanism. the end result 
of epigenetic changes is alteration of the pattern of protein 
synthesis under the control of the involved gene. recent 
evidence suggests that some epigenetic changes are heritable 
from one generation to the next, showing how environmental 
factors that alter gene expression in an individual can also 
influence gene expression in his or her descendant generations.
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of clinical medicine. In the 1980s, David Barker and colleagues from 
the UK published an influential study of a large cohort of individuals 
in which they noted that low-birthweight babies were at increased 
risk of heart disease as adults, even when other known risk factors 
were taken into account.26 Barker theorized that somehow growth 
restriction in utero set the stage for subsequent adult heart disease. 
These findings spurred considerable interest in the concept of the 
fetal (or developmental) origins of adult disease. Most attention has 
been given to the impacts of fetal, infant, and childhood nutrition on 
subsequent risks of cancer, diabetes, obesity, and cardiovascular dis-
ease. It remains unclear 
whether birthweight or 
subsequent “catch-up” 
growth is the important 
risk determinant for 
heart disease. Nonethe-
less, a growing body of 
evidence now points to 
the important influence 
of early life events on 
subsequent disease risk.

More recently, 
a limited but growing body of evidence is beginning to point to 
developmental origins of neurodegenerative conditions, including 
Alzheimer’s disease and Parkinson’s disease.27 28 29 The brain reserve 
hypothesis proposes that early life exposures to environmental chem-
icals, inadequate nutrition, or other environmental stressors, alone 
or in combination, can reduce the number of neurons, alter levels of 
neurotransmitters, or reduce synaptic density in critical areas of the 
brain. Clinical symptoms of neurological disease then emerge much 
later in life when these abnormal changes combine with normal 
declines in cell numbers and function.30 31

The developmental origins of adult disease can also be medi-
ated through epigenetic mechanisms in which gene expression is 
altered by environmental variables without any mutational change in 
the DNA sequence (see sidebar previous page.).

Modified gene expression alters the production of proteins 
under control of that gene. In brain tissue, where neurons have an 
extremely long lifespan, life-long effects from gene expression altered 
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during development are entirely plausible. Animal studies show that 
early life exposure to lead, for example, can strongly influence the 
expression of a gene responsible for producing a protein involved in 
Alzheimer’s disease much later in life32 (see chapter 7). The same level 
of lead exposure in the adult animal does not have the same effect on 
gene expression. 

Other conditions that may develop early or at any time 
throughout the lifespan and that increase the risk of developing 
Alzheimer’s disease or other kinds of dementia include hyperinsu-
linemia, insulin resistance, diabetes, obesity, and others that feature 
up-regulation of inflammatory markers.33 34 The science underlying 
this cluster of relationships is discussed in chapter 6 and should raise 
a warning flag among public health officials and decision-makers at 
every level—from school boards to city planners to Congress. As we 
have noted, health-trend tracking in the U.S. and many other countries 
consistently shows increases in the prevalence of diabetes, obesity, 
and a variety of other chronic diseases characterized at least in part 
by inflammation. Widespread changes in modern, industrial society 
largely responsible for the changing pattern of disease have also cre-
ated the conditions for an explosion of neurodegenerative diseases in 
the aging population. We have only begun to get a glimpse of what 
is to come if we do not act on what we already know. As we discuss 
in more detail in chapter 9, these patterns of disease clearly suggest 
opportunities for their primary prevention. 

Widespread 
changes in 
modern, industrial 
society… created 
the conditions for 
an explosion of 
neurodegenerative 
diseases in the 
aging population.
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Still healthy at 100 –  
What’s the Secret?
It MAY Be NO SeCret at all, but good genes 
combined with the old-fashioned values of 
eating well and in moderation, hard work, 
community spirit, and faith foster the health  
of the longest-lived among us. 

the centenarians of the Japanese prefecture 
of Okinawa are among the healthiest elders in 
the world. the Okinawa Centenarian Study, the 
world’s longest-running population-based study 
of centenarians and now in its 29th year, has 
revealed a broad range of lifestyle characteristics 
that are likely contributing to amazing health 
well into later years. (they really are that old; 
ages were validated recently.1 ) the study has 
concentrated on genetics, diet, exercise habits, 
and psychospiritual beliefs and practices. 

the Okinawans typically are optimistic, adaptable, 
and easy-going. they value spirituality and 
social engagement. they consume a diet rich 
in vegetables, fiber, flavonoids, and good fats, 
including omega-3s. these centenarians have 
been lean throughout their long lives, eating a 
low-calorie, low-glycemic-load diet. they limit 
food intake in a cultural practice known as hara 
hachi bu, literally “stomach 80 percent full,” 
and keep physically active via a variety of daily 
activities. Compared to North Americans, they 
have lower rates of dementia, certain cancers 
such as breast and prostate, osteoporosis, and 
cardiovascular disease.2

Many of these lifestyle characteristics have been 
found in other, less studied populations. the 
Blue Zones project has been taking scientists 
around the world for the past five years to 
investigate where people live the healthiest 
long lives. Among Blue Zone inhabitants are 
a group of elders on the Nicoyan peninsula of 
Costa rica who chop wood, ride bicycles, and 

grind corn by hand, and mountain people in 
Sardinia, Italy, whose secrets include “wine with 
staggering levels of antioxidants and a tradition 
of celebrating old age.” 

the Blue Zone researchers have identified 
common denominators for healthy aging that 
are consistent with many of the findings from 
the Okinawa study. they include:

regular physical movement incorporated •	
into everyday activities, 

good community and family relationships, •	

eating well (and less) and drinking wine •	
each day, and 

a sense of purpose in life as well as a •	
centered and calm outlook. 

the practices of the Costa rican elders reflect 
these—they eat fewer calories, enjoy physical 
work in daily chores, maintain social networks, 
and have a strong sense of purpose.3 4

the New england Centenarian Study at Boston 
Medical Center also points to certain activities and 
characteristics. Its “Predictors of reaching 100” list 
notes that few centenarians are obese and that 
substantial smoking history is rare. A preliminary 
study suggests that centenarians are better able to 
handle stress than the majority of people. 

Good genes do help. the New england study 
found that at least half of centenarians have 
parents, siblings, or grandparents who have 
also achieved very old age.5 

endnotes
1 Willcox DC, Willcox BJ, he Q, Wang NC, Suzuki M. they 

really are that old: a validation study of centenarian 
prevalence in Okinawa. J Gerontol A Biol Sci Med Sci. 
2008 Apr;63(4):338-49.

2 Okinawa Centenarian Study. Available at: http://www.
okicent.org/. Accessed June 19, 2008.

3 Blue Zones. Available at: http://www.bluezones.com/
home/. Accessed June 17, 2008.

4 Buettner D. Living healthy to 100. AArP Magazine May/
June 2008.

5 the New england Centenarian Study at Boston Medical 
Center. Available at:  
http://www.bumc.bu.edu/Dept/Content.aspx?Departme
ntID=361&PageID=5924.  
Accessed June 16 2008.

FOOD for
THOUGHT

Good genes combined with the old-
fashioned values of eating well and in 
moderation, hard work, community 
spirit, and faith foster the health of the 
longest-lived among us. 
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The changes in cognitive function that occur with aging range 
in severity from mild to devastating. Cognition remains virtu-
ally intact in some individuals as they grow older, while others 

become dependent on caregivers. Traditionally, different diagnoses 
such as Alzheimer’s disease and Lewy body dementia have been 
thought to present with different symptoms and arise through  
different disease processes. However, while many different forms 
of neurodegenerative disease are recognized, the lines that separate 
one from another are often unclear. For instance, symptoms such as 
motor impairment and memory loss may occur in many different 
types of neurodegenerative disease. Motor impairment similar to that 
seen in Parkinson’s disease is not enough to rule out other diagnoses, 
especially when both motor and cognitive impairment are present. 
Other symptoms, such as hallucinations or agitation, are also not 
disease-specific. Since, with few exceptions, no diagnostic laboratory 
tests exist that can clearly indicate the presence, absence, or category 
of a neurodegenerative disease, diagnoses are usually based on  
clinical evaluation of the symptoms. 

Brain pathology—often considered the hallmark of diagnosis—
can also show marked overlap among the syndromes of age-related 
cognitive and motor impairment. The brains of individuals with 
different neurodegenerative disorders show characteristic cellular 
and tissue abnormalities upon histological examination. One of the 
earliest findings in autopsies of Alzheimer’s patients was the presence of 
amyloid plaques and neurofibrillary tangles in the brain. Similarly, post-
mortem examinations of patients with Parkinson’s disease revealed 
the presence of abnormal protein aggregates known as Lewy bodies. 
Later work revealed that these pathological markers were aggregates 
of different types of protein: amyloid plaques consisted primarily 
of amyloid-beta, neurofibrillary tangles of tau, and Lewy bodies of 
alpha-synuclein. These early observations helped build the notion 

Cha p t e r  5
Classification  
Controversies in 
Neurodegenerative 
Disease

While many 
different forms of 
neurodegenerative 
disease are 
recognized, the 
lines that separate 
one from another 
are often unclear.

In Japan, the pine 
tree is a symbol 
for longevity.
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that neurodegenerative diseases are distinct in their causes and  
characteristics, each disorder with its own set of pathological  
features (see Table I). However, further research cast doubt on this 
assumption of “one disease, one pathology” as it became clear that 
the brains of individuals with one form of neurodegeneration could 
also have the pathological markers of another.1 2

Nevertheless, while the notion of a discrete, clear correspondence 
between disease states and certain pathological markers has largely 
fallen by the wayside, it is still embodied in the current definitions of 
neurodegenerative diseases. Attempting to diagnose a neurodegenerative 
disease using contemporary diagnostic standards can be likened to trying 
to fit shoes of one size to a randomly selected group of individuals: for 
the majority of them, the shoes will be either too big or too small, and 
for only a fraction of the group will they fit perfectly. By the same token, 
due to the diversity of symptoms and pathologies that exist in the real 
world, the number of instances where the tissue diagnosis perfectly fits 
the clinical disease is rather small. Instead of fitting into a simplistic 
conventional framework, many patients display clinical findings that 
overlap or otherwise do not neatly fit into current diagnostic categories.

problems with Dichotomous Definitions

When classifying neurodegenerative diseases, an initial question 
is “how much is enough?” When a patient first presents with 
abnormal neurological findings, symptoms may be mild and 

nonspecific and the course that the condition will take is often unclear: 
will the symptoms grow progressively worse, will they subside, or will 
they not change at all? The associated neuropathology is also unknown 
initially and, depending on the condition, may remain unknown or 
unrevealed until much later, perhaps at postmortem examination. In 
some neurodegenerative disorders, health and disease may be separated 
by shades of gray. Neurological changes build up gradually over time, 
and clinicians frequently ask how severe symptoms must be or how 
much pathology is necessary to apply a disease label. 

A second problem relates to categorizing or naming the dis-
ease. When more than one possible diagnosis exists for a given set of 
symptoms or tissue pathologies, which one is appropriate? Neurode-
generative disorders sometimes defy rigid classification and subjective 
judgment is often unavoidable in the diagnosis of these conditions.

Despite the limitations of the current framework of neurode-
generative diseases, it at least offers a starting point for understanding 
this wide range of conditions. Table II is a brief overview of some of 
the currently recognized forms of neurodegeneration, following the 
one disease–one pathology framework
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The one disease–one pathology framework naturally led to the 
investigation of the role of pathological markers in their respective dis-
ease processes. However, research has consistently shown that patholog-
ical markers do not always correlate well with clinical findings, and that 
some individuals with extensive neuropathology may retain relatively 
intact neurological function while others with less extensive pathology 
may be significantly impaired.3-6 This relatively poor correlation has led 
some to question the value of relying too heavily on these markers for 
diagnostic purposes. Reflecting this uncertainty, pathologists often ask 
the clinician about the nature and extent of neurological impairment 
during life before labeling a neurodegenerative disease postmortem.

Mixed pathologies May Be the Main Driver  
of Dementia

A lthough the correlation between the extent of single kinds of 
pathological markers and clinical symptoms is relatively poor, 
the presence of multiple kinds of pathology may be a much 

better predictor of the degree of cognitive impairment.7 A recent 
community-based study that compared cognitive status with pathol-
ogy found that subjects whose brains had the pathological markers 
of more than one disease type were by far the most likely to have 
shown signs of cognitive impairment during clinical evaluation.8 

Condition Pathological Markers Main areas affected

alzheimer’s disease amyloid plaques, neurofibrillary 
tangles

Cerebral cortex, hippocampus, 
basal nucleus of Meynert

Lewy body dementia Lewy bodies Cerebral cortex, substantia nigra, 
basal nucleus of Meynert

parkinson’s disease Lewy bodies Substantia nigra, dorsal motor 
nucleus of the vagus, basal 
nucleus of Meynert

Vascular dementia Vascular infarctions, 
atherosclerosis, and other 
markers of vascular disease

Cerebral cortex, hippocampus

progressive  
supranuclear palsy

Neurofibrillary tangles Cerebral cortex, basal ganglia, 
spinal cord, midbrain

Corticobasal degeneration Ballooned neurons with tau 
inclusions

Cerebral cortex, basal ganglia

Multiple system atrophy alpha-synuclein inclusions hindbrain structures involved in 
balance and autonomic functions

table I. abridged list of neurodegenerative diseases, associated 
pathological markers, and main areas of the brain that are affected

More information on the 
pathological markers of 
neurodegenerative diseases 
can be found in chapter 3.
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Syndrome Definition Basic Symptoms

alzheimer’s disease progressive neurodegenerative disorder typified 
by memory impairment with executive dysfunction, 
motor problems, and/or language difficulties.

personality changes•	
Cognitive impairments •	
(declarative memory loss, 
difficulty with names)
Language difficulties•	
Motor difficulties•	
Delusions•	
hallucinations•	

Lewy body dementia progressive neurodegenerative disease 
characterized by memory impairments, 
fluctuations in cognitive function, persistent visual 
hallucinations, and parkinsonian motor symptoms.

Cognitive impairments •	
(declarative memory loss, 
difficulty with names, etc.)
repeated falls•	
Syncope•	
Delusions•	
Detailed hallucinations•	
Depression•	
anxiety•	
rigidity•	
Mask-like face•	

parkinson’s disease progressive neurodegenerative disease that 
impairs ability to execute conscious physical 
movement in addition to other motor functions. 
Mood disturbances may occur as well.

Slowing of voluntary •	
movements
Muscle rigidity•	
resting tremor•	
Difficulty speaking and •	
swallowing
Gait and postural disturbances•	
Fatigue•	
tiny handwriting•	

Vascular dementia Cognitive impairment resulting from vascular 
disease in the brain, which can be either focal or 
diffuse. the severity of cognitive decline depends 
on the nature and extent of vascular involvement.

Cognitive deficits associated •	
with stroke
Other symptoms of •	
alzheimer’s disease

Multiple system atrophy progressive degeneration of the autonomic 
nervous system involving motor impairment.

Low blood pressure when •	
standing up
abnormal breathing during •	
sleep
Difficulty urinating•	
Dry mouth and skin•	
abnormal sweating•	

*This list is far from exhaustive. The descriptions are simplifications intended only 
to provide background information.

table II. Syndromes of Motor and Cognitive Impairment: 
Conventional Definitions*
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Syndrome Definition Basic Symptoms

Frontotemporal dementia Neurodegenerative disease featuring cortical 
atrophy with progressive behavioral changes 
and language dysfunction. Motor and cognitive 
impairment may be present as well, although 
some apparent cognitive deficits may be due to 
inability to focus on tests.

altered personality and  •	
social conduct
apathy•	
Blunting of emotions•	
Disinhibition•	
Impaired planning•	
Impaired memory, attention, •	
perception, and/or language
parkinsonian motor symptoms•	

progressive  
supranuclear palsy 

rare neurodegenerative disorder characterized 
by gait and balance disturbances as well 
as dementia. Frequently misdiagnosed as 
alzheimer’s disease or parkinson’s disease.

Loss of balance•	
Difficulty moving eyes•	
Slowing of movement•	
Slurred speech•	
personality changes•	

Corticobasal degeneration rare form of neurodegeneration that may involve 
asymmetrical motor impairment as well as 
dementia.

Language impairment•	
abnormal posture•	
Muscle twitches•	
alien hand syndrome•	

amyotrophic lateral sclerosis progressive degenerative disorder affecting motor 
neurons in many parts of the brain. Loss of motor 
neurons results in progressive loss of voluntary 
muscle movement, which in turn leads to muscle 
atrophy. Motor impairment may eventually affect 
respiratory systems. Cognitive function usually 
remains intact. 

progressive motor impairment•	
Impaired speech•	
Muscle twitching and •	
cramping
abnormal posture•	

Multiple sclerosis Demyelinating autoimmune disorder resulting 
in physical disability that may be progressive. 
Severity of disability ranges widely between 
individuals.

Motor abnormalities typically •	
following a temporal pattern 
of remission and relapse
Muscle weakness•	
Coordination problems•	
Difficulty speaking and •	
swallowing
Impaired bladder function•	
Depression•	
Fatigue•	
Memory impairment•	
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While the presence of amyloid plaques was the 
greatest single predictor of cognitive impairment, 
plaques were also commonly found in cognitively 
healthy subjects. Of the subjects that fulfilled the 
neuropathological criteria for Alzheimer’s disease, 
fewer than half actually had cognitive impairment. 
In contrast, mixed pathologies such as amyloid 
plaques with Lewy bodies or vascular infarctions, 
were rare in persons without dementia. The authors 
concluded that having multiple disease pathologies 
conferred a nearly threefold increased risk of demen-

tia compared to having only one type of pathology. Although all 
studies of the correspondence between clinical symptoms and neuro-
pathology are limited by some degree of subjectivity inherent in the 
current protocols for disease classification, other community-based 
studies have produced similar findings.9 10 

Although the notion of one disease, one pathology has long 
influenced thinking about dementia, neuroscientists and clinicians 
now increasingly address the possibility of a major role for multiple 
pathologies and the disease processes that drive them. The number of 
published studies on this topic is still relatively small, and more work 
is needed to elucidate the contributions of multiple brain pathologies to 
dementia, particularly with respect to how they may interact. How-
ever, if the presence of more than one type of pathology is indeed the 
greatest predictor of cognitive impairment, there could be a paradigm 
shift in how we think about dementia. 

Traditionally, loss of cognitive function with old age has been 
viewed fatalistically. However, to the degree that mixed pathology is 
an important antecedent, particularly when involving vascular disease, 
a variety of proven preventive measures become relevant and hold 
promise. We know that the likelihood of developing atherosclerotic 
vascular disease can be reduced by attention to diet, exercise, smoking 
cessation, and treatment of hypertension and hyperlipidemia. Taking 
these steps to improve cardiovascular health is likely to reduce risks 
of cognitive impairment. Furthermore, interventions that mitigate 
oxidative stress and inflammation (see chapter 6) might also pre-
vent or slow the progression of neurodegenerative conditions like 
Alzheimer’s disease, Parkinson’s disease, or cardiovascular disease in 
which those processes play key roles. Thus, lifestyle changes and a 
variety of public policy decisions could potentially play an important 
role in reducing the burden of neurodegenerative disease over the 
coming decades. 
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Continuum of age-associated  
Cognitive Impairment

Adherence to traditional disease categories and dichotomous 
definitions of disease (which label individuals as either “sick” 
or “not sick”) may have contributed to current challenges in 

diagnosing and studying neurodegenerative conditions. For example, 
disease misclassification in epidemiologic studies adds to the difficul-
ties in consistently identifying risk factors for specific conditions. 

Current uncertainties have inspired some neuroscientists and 
clinicians to suggest that neurodegenerative diseases characterized 
by abnormal protein deposits should be viewed as existing along 
a continuum of symptoms and pathologies rather than as discrete 
entities.11 12 Such a spectrum of neurological impairment could better 
represent the heterogeneity within diagnostic categories as well as 
the many pathways by which different individuals can arrive at the 
same condition.

It is worth noting 
that the pathological 
markers themselves are 
not necessarily the cause 
of the underlying disease 
and clinical symptoms. 
Instead they may 
actually be a response 
to other antecedent 
disease processes, although it is entirely possible that at some later 
time, the pathological markers may actually begin to contribute 
to disease progression in a positive feedback loop. A more detailed 
look at the pathology associated with diseases represented along 
this spectrum reveals not only abnormal protein deposits but also 
widespread evidence of an underlying chronic inflammatory reaction 
characterized by activated microglia and up-regulation of various 
inflammatory markers. This suggests that a closer look at the 
origins of oxidative stress and inflammation more generally may 
help to identify environmental factors that increase susceptibility 
to neurodegenerative diseases. We turn now to a more detailed 
discussion of these processes at the tissue, cellular, and subcellular 
levels before addressing Alzheimer’s disease and Parkinson’s  
disease directly.

Lifestyle changes 
and a variety 
of public policy 
decisions could 
potentially play 
an important 
role in reducing 
the burden of 
neurodegenerative 
disease over the 
coming decades. 

Figure 1: a continuum 
of neurodegenerative 
diseases characterized 
by abnormal protein 
deposition13

Alzheimer’s
Disease

Lewy Body
Dementia

Parkinson’s
Disease with
Dementia

Parkinson’s
Disease

Multiple
System
Atrophy

CLINICAL
SIGNS

BRAIN
PATHOLOGY

PARKINSONISM

DEMENTIA

α-SYNUCLEIN AGGREGATES

TAU AGGREGATES



p a g e  6 6  E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

endnotes
Schneider Ja, arvanitakis Z, Bang W, Bennett Da. Mixed brain 1. 
pathologies account for most dementia cases in community-
dwelling older persons. Neurology. 2007;69:2197-2204. 

Langa KM, Foster NL, Larson eB. Mixed dementia: emerging 2. 
concepts and therapeutic implications. JaMa. 2004; 
292:2901-2908.

Neuropathology Group of the Medical research Council 3. 
Cognitive Function and aging Study (MrC CFaS). pathologic 
correlates of late onset dementia in a multicentre, community 
based population in england and Wales. Lancet. 2001; 
357:169-175. 

prohovnik I, perl Dp, Davis KL, Libow L, Lesser G, hartounian 4. 
V. Dissociation of neuropathology from severity of dementia in 
late-onset alzheimer disease. Neurology. 2006;66:49-55. 

riley Kp et al. alzheimer’s neurofibrillary pathology and 5. 
spectrum of cognitive function: findings from the nun study. 
ann Neurol 2002;51:567-577.

Schneider Ja, arvanitakis Z, Bang W, Bennett Da. 2007. 6. 

Bennett Da, Schneider Ja, arvanitakis Z, et al. Neuropathology 7. 
of older persons without cognitive impairment from two 
community-based studies. Neurology. 2006; 66:1837-1844. 

Schneider Ja, arvanitakis Z, Bang W, Bennett Da. 2007. 8. 

Neuropathology Group. 2001. 9. 

White L, Small BJ, petrovitch h, et al. recent clinical-10. 
pathologic research on the causes of dementia in late life: 
update from the honolulu-asia aging study. J Geriatric psych 
Neurol. 2005;18:224-227. 

Neuropathology Group. 2001. 11. 

tanner C. presentation at International Neurotoxicology 12. 
Conference XXIV, San antonio, tX. Nov 2007.

Modified from: tanner C. presentation at International 13. 
Neurotoxicology Conference XXIV, San antonio, tX. Nov 
2007. Used with permission.



E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g  p a g e  6 7

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

An Exploding Field Of Research

Research on the nervous system—its development, function, 
and degeneration—encompasses a vast and rapidly expanding 
universe of information. Revolutionary advances are taking 

place in a variety of relevant fields, from genetics to brain imaging, 
immunology, molecular chemistry, information processing, physical 
chemistry and more. Comprehending the evidence from so broad a 
field is a daunting challenge. As summarized more than a decade ago 
by G. Reid Lyon, a noted neurobiologist and former branch Chief at 
the National Institutes of Health, “[T]he literature relevant to these 
domains is so voluminous that the important converging trends in 
the data are sometimes difficult to identify and apply… . This difficulty 
is exacerbated by the application of divergent theories, methodologies, 
and vocabularies.”1

This chapter attempts to make some of this vast body of infor-
mation more accessible to a broader audience. We also hope to help 
bridge some of the communication gaps within the highly subspecial-
ized scientific community. To do so, we have provided considerable 
technical detail, since many scientists outside the narrow domains 
of these subjects will be unfamiliar with them. Though much of the 
technical information is contained in an appendix on the web site for 
this report, some of the hard science remains in the chapter—particu-
larly in diagrams, footnotes, and some of the sidebars. We encourage 
readers who do not want to navigate through the technical details to 
simply bypass these sections since the take-home message is provided 
in adjacent portions of the chapter.

ChA p t E R  6
Underlying  
Dimensions of  
Neurodegenerative 
Disease 

Amethyst is a symbol 
of health and healing. 
It was believed to ward 
off drunkeness by the 
Ancient Greeks.
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The chapter discusses selected topics essential to understanding 
the nervous system and neurodegenerative disease. These subjects 
span the fields of chemistry, biology, nutrition, and clinical medicine. 
This discussion will lay the groundwork for chapters 7 and 8, which 
examine environmental factors as they relate to neurodegenerative 
disease. This chapter also provides a reference for terms for which 
some readers may want a deeper understanding. The topics in this 
chapter, which appear throughout the scientific literature on health 
and disease, are important for understanding environmental factors in 
chronic disease of the brain and other organ systems. As we’ll discuss, 
they contribute to a unifying framework for understanding current 
evidence about the causes of neurodegenerative disease.

In short, a complex picture emerges in which environmental 
factors—including nutrition, toxic exposures, exercise, and social 
conditions among others—interact with the immune system and 
metabolism to profoundly influence health and disease risk. Inflam-
mation and oxidative stress, which are central to these processes, 
are turning out to be key themes in neurodegenerative disease—just 
as they are in a larger complex of chronic diseases including cardio-
vascular disease and diabetes. The emerging science underscores the 
need to expand the health paradigm to include—as key determinants 
of health—the systems that support good nutrition, exercise, a clean 
environment, and the social fabric of communities. Therein lies a 
monumental opportunity for prevention.

part 1: the Key Role of Inflammation and  
Oxidative Stress

This chapter focuses heavily on oxidative stress and inflammation 
for several reasons. These two interrelated processes are increas-
ingly accepted as integral to the development and progression 

of many chronic diseases. Inflammation and oxidative stress figure 
prominently among the various pathological features and processes 
shared by neurodegenerative diseases (despite varying clinical mani-
festations, as discussed in chapters 5, 7, and 8). Most neuroscientists 
agree that inflammation and oxidative stress are typically key com-
ponents of the final common pathways leading to brain cell death 
and the decline of brain function. A variety of other processes are 
also involved, as will be discussed, which are all interrelated. Oxi-
dative stress is especially important in the brain—among all organ 
systems—because of unique conditions that make the brain vulner-
able: high oxygen consumption (the ultimate source of oxidative 

Environmental 
factors... interact 
with the immune 
system and 
metabolism 
to profoundly 
influence health 
and disease risk.
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stress), relatively limited supply of antioxidants, and high content 
of polyunsaturated lipids, the macromolecules most susceptible to 
oxidative damage.

Finally, inflammation and oxidative stress are of particular 
interest because their links to modifiable real world conditions—
including nutrition, exercise, air pollution, and other chemical expo-
sures—have been well documented. This provides a compelling basis 
for a variety of precautionary interventions to prevent or at least 
delay the onset or progression of neurodegenerative diseases.

Inflammation: the Immune System at Work
Inflammation is the process by which the immune system defends 
the host from organisms or material perceived as foreign and poten-
tially threatening. As far back as the first century AD, the Roman 
encyclopedist Celsus identified inflammation as a constellation of 
four physical signs: Heat, pain, redness, and swelling, or in classical 
medical language, “Calor, dolor, rubor, and tumor.” These signs are 
readily visible, for example, in the inflammation that accompanies 
an infected wound or traumatized tissue. They reflect the actions of 
various cellular and chemical mediators that are part of the immune 
response.2 The characteristic signs of inflammation can also occur 
in the absence of infection or trauma, as in the case of rheumatoid 
arthritis, asthma, or inflammatory bowel disease. In each of these 
diseases evidence of an inflamed organ system is apparent, at least 
indirectly—namely red, hot joints in rheumatoid arthritis, purulent 
sputum from inflamed lungs in asthma, and bloody, purulent diarrhea 
from an irritated gastrointestinal tract in inflammatory bowel disease.

Inflammation is now emerging as a unifying theme in the 
chronic diseases of western society.3-8 (See sidebar, A Western Disease 
Cluster) Unlike classic inflammation, however, which was visible to 
the naked eye, the inflammation of chronic disease is hidden from 
view, and apparent only with blood tests or microscopic analysis of 
pathological specimens. For example, in atherosclerosis, the major 
cause of heart attacks and strokes, inflammatory markers can be 
found circulating in the blood and embedded—along with activated 
inflammatory cells—in atherosclerotic plaques. (Plaques are areas of 
focal swelling in the blood vessel wall—where various cells, lipid and 
debris accumulate—which can obstruct circulation.)

The inflammatory nature of atherosclerosis was established in  
a landmark 1999 article characterizing it as “a series of highly specific  
cellular and molecular responses that can be best described, in aggre-
gate, as an inflammatory disease.”18 Another key study in 2003 

Unlike classic 
inflammation, 
however, which 
was visible to the 
naked eye, the 
inflammation of 
chronic disease is 
hidden from view.
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found that C-reactive protein, an 
inflammatory marker in the serum, 
was a stronger predictor of future 
cardiovascular disease than LDL 
(“bad”) cholesterol. This suggested 
that the inflammatory model of 
cardiovascular disease is at least 
as accurate and useful as the con-
ventional lipid model.19 b As we’ll 
see, lipids and inflammation are 
closely related, so the two models 
of cardiovascular disease may best 
be viewed as complementary.

Similarly, inflammation 
is implicated in type 1 diabetes, 
which is widely acknowledged 
as an autoimmune disease char-
acterized by destruction of the 
insulin-producing beta cells in the 
pancreatic islets. 20 21 A growing 
body of research over the past two 
decades indicates that a variety of 
other chronic diseases have impor-
tant inflammatory components, 
including type 2 diabetes,22 23  
metabolic syndrome,24 25 obesity,26 27 
neurodegeneration,28 depression,29 30 31 
and osteoporosis.32

Affected individuals  
frequently carry telltale signs of 
inflammation in their blood or in 
the organ system involved. These 
telltale signs, referred to as bio-
markers or inflammatory markers, 
are found in all people, but are 
frequently at higher levels in  
people with chronic inflamma-

tory diseases. The inflammatory markers include substances such 
as C-reactive protein, tumor necrosis factor (TNF), prostaglandin 

b While the lipid model relies primarily on the concept of lipid accumulation, analogous  
to “clogged pipes”, the inflammatory model also incorporates additional mechanisms—
including plaque instability and rupture, and platelet aggregation.

A “Western  
Disease Cluster”

It is commonly observed that a number of chronic illnesses 
endemic to the modern Western world tend to occur together both 
within societies and within individuals.9 10 11 this cluster of chronic 
diseases, referred to in this report as the Western disease cluster, 
includes diabetes, obesity, hypertension (and other manifestations 
of cardiovascular disease), and dyslipidemia (abnormalities in the 
quantity or quality of blood lipids). there is growing evidence to 
suggest that dementia—including Alzheimer’s disease—may be a 
part of this cluster as well.

Substantial evidence supports a cluster concept for this group 
of metabolic and vascular-related disorders. 12-15 One line of 
evidence is provided by the fact that many of these illnesses  
are risk factors for each other.

the concept of a cluster is further supported by the existence of a 
specific disorder, the metabolic syndrome, consisting of concurrent 
early features of the cluster diseases: borderline elevations of blood 
sugar and blood pressure, elevated triglycerides and/or low hDL 
cholesterol, and obesity.a Individuals with metabolic syndrome 
have markedly increased risks for developing type II diabetes and 
coronary disease.16

the public health significance of metabolic syndrome is reflected 
in a disturbingly high prevalence of over 40 percent among adults 
aged 60 years and older, and 24 percent among the population at 
large.17 Each of the disease components of metabolic syndrome, 
when occurring during midlife, also constitutes a risk factor for 
dementia/cognitive decline. Growing evidence also implicates the 
metabolic syndrome itself as an important risk factor for dementia.

And finally, the cluster concept is supported by evidence of common 
mechanisms including immune activation, vascular dysfunction and 
inflammation, and insulin resistance/hyperinsulinemia as described 
in this chapter. these mechanisms are recognized as playing key roles 
in dementia/cognitive decline as well as in diabetes, cardiovascular 
disease/hypertension, metabolic syndrome, obesity, and dyslipidemia.

a Obesity in metabolic syndrome is usually defined by increased waist 
circumference.

A CLOSER
LOOK
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E2 (PGE2), and others. Usually biomarkers are more than passive 
bystanders—they are active agents in the inflammatory process. 
Inflammatory markers are signs of immune system activation, a 
process emerging as central to the etiology of chronic diseases in 
the developed world. These markers and their relationship to the 
immune system are discussed in several sections below.

Inflammation in the Brain
In the brain, inflammation is mediated largely by glial cells, the  
support cells of the nervous system. (See chapter 3.) Glial cells include 
astrocytes, which support neuronal metabolism, oligodendrocytes 
which produce myelin insulation for nerve cells 
(allowing more efficient conduction of nerve 
impulses), and microglia, which serve as a kind 
of immune system. Glial cell activation is a key 
feature of brain inflammation. When activated, 
microglia produce inflammatory mediators that 
activate more cells to produce additional inflam-
matory mediators. These mediators can thus 
create positive feedback loops, thereby  
amplifying inflammation.

Brain inflammation, including increased 
microglia and astrocyte activation, generally 
increases as part of the aging process. Brain 
inflammation is also a key feature of neurodegenerative diseases, 
including Alzheimer’s and Parkinson’s. In Alzheimer’s disease, inflam-
mation and oxidative damage are found from the earliest stages of the 
disease, through the formation of amyloid plaques, and the widespread 
death of nerve cells. c 33

Oxidative Stress
Inflammation is closely related to the process of oxidative stress. Like 
inflammation, oxidative stress also increases in aging and especially in 
neurodegenerative diseases34 like Alzheimer’s35 and Parkinson’s disease.

Oxidative stress is a metabolic state in which excessive levels of highly 
reactive, unstable oxygen compounds are present in the body, an organ 
system, or tissue. These unstable oxygen compounds are referred to 

c The inflammatory mediators produced by microglia—including interleukin-1 (IL-1), 
interleukin-6 (IL-6), and tumor necrosis factor α (TNFα)—increase the expression of amyloid 
precursor protein from which amyloid-beta is derived. IL-1 and IL-6 are typically found 
surrounding the amyloid plaques as well. In another example of a pathologic positive 
feedback loop, amyloid-beta peptides stimulate the production of IL-1α, IL-6 and TNFα—
mediators that promote amyloid-beta production in the first place.

Like inflammation, 
oxidative stress also 
increases in aging 
and especially in 
neurodegenerative 
diseases like 
Alzheimer’s and 
Parkinson’s disease.
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as oxygen radicals, free radicals, or “reactive oxygen species” (ROS). 
ROS are normally held in check by the cell’s antioxidant systems. 
Oxidative stress occurs when these defenses are overwhelmed—due to 
either increased ROS or a deficiency of antioxidant mechanisms.36 37 
In either case, damage results. ROS may be produced within the cell 
(endogenously), or may come from outside the cell (exogenously).

Exogenous sources of oxidative stress include air pollution; 
tobacco smoke; many different  industrial chemicals including  
pesticides, solvents, bisphenol A, alkylphenols, type-2 alkenes (see 
chapter 8), among others; metals; polycyclic aromatic hydrocarbons, 
PCBs, dioxin, and other pollutants; radiation, anesthetics and a  
high-oxygen environment.38

Endogenous ROS are continuously formed under normal con-
ditions as a byproduct of aerobic metabolism, the oxidative reactions 
that burn fuel to produce the cell’s energy. In fact, about 2–5 percent 
of all oxygen used by a cell is converted into ROS.39 This takes place 
primarily in mitochondria, the major site of oxygen utilization in the 
cell, where fuel is burned and energy is produced.40 41 d

Outside of the mitochondria, the most important site of ROS 
production is in immune cells when they are activated in an “oxi-
dative burst.” This occurs when phagocytic cells (literally “eating” 
cells) are activated as part of the immune response, in which these 
cells ingest or otherwise damage microorganisms such as bacteria, 
viruses,42 or other material perceived as pathogenic.

ROS are highly reactive, chemically unstable, and damaging 
to the tissues they come in contact with—including the nucleic  
acids, lipids, and proteins that are essential building blocks of  
biological tissues.

Oxidative Stress in the Brain e 43 44

As mentioned above, the brain is particularly susceptible to 
oxidative stress because it has a relative lack of antioxidant systems, 

d Within the mitochondria, ROS are continuously produced by oxidases and the electron 
transport chain associated with oxidative phosphorylation. Other reactions producing ROS 
include the actions of cyclooxygenases, lipoxygenases, dehydrogenases and peroxidases. The 
sites where these reactions take place include virtually all components of the cell, including 
the plasma membrane, mitochondria, lysosomes, peroxisomes, nucleus, endoplasmic reticu-
lum and cytoplasm.
e Oxidative stress and inflammation are among several mechanisms that interact in com-
plex ways to contribute to neuron loss. Other mechanisms include excessive stimulation of 
neurons (excitotoxicity), dysfunction of critical proteins, dysregulation of gene expression, 
mitochondrial dysfunction, abnormal calcium homeostasis, altered phosphorylation, abnor-
mal cytoskeletal organization, increased extracellular matrix turnover, altered proteases/
inhibitors, cell membrane malfunction, misfolding of proteins, decreased blood supply, and 
compromised stress responses. As we will see, these processes are interrelated. For example, 
misfolded proteins, compromised stress responses, and mitochondrial dysfunction contribute 
to oxidative stress and inflammation. These processes are in general also affected by aging.

Unstable oxygen 
compounds are 
normally held 
in check by the 
cell’s antioxidant 
systems.
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an abundance of readily oxidizable fatty acids, and high oxygen 
utilization leading to increased production of ROS.45 46 In addition, 
the brain contains relatively high levels of transition metals47 including 
iron and copper. Normally these metals are carefully controlled in 
the brain. When these controls fail, transition metals can increase 
oxidative stress by catalyzing the production of ROS directly48 or by 
binding amyloid-beta and catalyzing the production of ROS.49-51

The buildup of oxidative damage, particularly within mito-
chondria—the powerhouse of the cell—is thought to be key to the 
process of aging. Oxidative damage to mitochondria is also believed 
to be an important underlying problem in Alzheimer’s disease. This 
theory is supported by the observed reduction in brain metabolism 
that occurs in Alzheimer’s patients, indicating reduced mitochondrial 
activity. Reduced brain metabolism has been reported to precede the 
development of abnormalities in neuropsychological testing, sug-
gesting impaired brain metabolism plays a causal role in the web of 
Alzheimer’s pathogenesis.52 Oxidative damage to mitochondria also 
plays a role in Parkinson’s disease. Some of the toxicants damaging 
dopamine-producing cells in the substantia nigra have been shown to 
operate by injuring mitochondria. These findings are part of a grow-
ing body of evidence that suggests that oxidative stress is in fact an 
important pathologic mechanism in neurodegenerative disease, and 
that it begins early in the disease process.53-57

Oxidative Stress and Inflammation: Distinct but Linked
While oxidative stress and inflammation consist of distinct biochemi-
cal cascades, the processes are closely intertwined and generally func-
tion in parallel, particularly in the brain, which is especially prone to 
oxidative stress. When evidence of oxidative stress is found in brain 
specimens (i.e. ROS and the markers of their damage), evidence of 
inflammation (cytokines and other inflammatory mediators, activated 
immune cells, etc.) is also generally present.

While much remains to be learned about oxidative stress and 
inflammation—and their interactions—at least two major points 
of convergence are known which explain their tendency to occur 
together and reinforce each other. These points of intersection are 
shown in the accompanying diagram.

The inflammatory response can trigger or increase oxidative stress. 1. 
Activated microglia (and outside of the brain, similar immune cells 
such as macrophages, monocytes and leukocytes) produce ROS as 
part of their arsenal of defenses against pathogens (or their markers). 
If the ROS overwhelm the cell’s antioxidant capacity, oxidative stress 
results with consequent damage to essential molecules and tissues. 58

The buildup of 
oxidative damage, 
particularly within 
mitochondria—the 
powerhouse of the 
cell—is thought 
to be key to the 
process of aging.
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Oxidative stress can trigger or increase inflammation through 2. 
the activation of nuclear factor kappa B (NFkB), which is known 
to be sensitive to oxidative stress. 59 NFkB is a “transcription 
factor,” that is, it controls the expression of various genes, includ-

ing a variety of genes involved in 
the inflammatory response. NFkB 
is generally associated with chronic 
inflammation and has also been 
linked to several cancers. 60-62  
Available evidence indicates that 
NFkB is key to the pervasive effects 
of oxidative stress.

Similarly, a variety of evidence sug-
gests that amyloid-beta, a key factor in 
Alzheimer’s disease, interacts in com-
plex ways with inflammation and oxi-
dative stress. While there is evidence of 
complex interactions—with amyloid-
beta causing ROS/inflammation,f 63 64 
and ROS/inflammation causing amy-
loid-beta production g  65 66—evidence 
increasingly suggests that oxidative 
stress and inflammation commonly 
initiate this process.67-70

the Innate Immune System
Many of the biomarkers relevant to neurodegeneration are part of 
the innate immune system, one of two major subdivisions of the 
immune system. A growing body of biomarker data (and other evi-
dence) increasingly points to the importance of innate immune acti-
vation in neurodegeneration as well other chronic diseases of the 
Western world—namely diabetes, metabolic syndrome, obesity, and 
cardiovascular disease. Thus, understanding innate immunity is espe-
cially important to understanding chronic inflammatory disease.

f Amyloid-beta, for example, stimulates neuronal production of hydrogen peroxide and 
other ROS. Amyloid-beta is also known to bind copper which is itself a catalyst for hydro-
gen peroxide formation. In addition, amyloid-beta fibrils, found in the senile plaques that 
identify Alzheimer’s disease, activate microglia, which are typically found along with reac-
tive astrocytes surrounding amyloid plaques.
g For example, inflammatory mediators (interleukin-1, interleukin-6, tumor necrosis factor), 
found in the areas surrounding amyloid plaques, have also been found to stimulate the pro-
duction of the amyloid precursor protein (from which amyloid-beta is derived). Oxidative 
stress has also been shown to induce the production of amyloid-beta protein. 
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The other major component of the immune 
system—in addition to the innate immune system—
is the adaptive immune system. Both the innate and 
adaptive systems enable the organism to defend itself 
against invaders such as bacteria, viruses, and fungi. 
Humans possess both systems, which are closely 
interconnected in the functioning of the immune 
system.71 Nonetheless, there are major differences 
between the two.

While innate immunity was established very 
early in evolution and is possessed by virtually all 
animal species, adaptive immunity is possessed only 
by animals at the evolutionary level of jawed-verte-
brates. The innate immune system reacts immediately 
to molecular patterns associated with pathogens in 
general—so called “pathogen-associated molecular 
patterns” or PAMPs. PAMPs are recognized by pat-
tern recognition receptors, also called Toll-like recep-
tors (TLR), which then induce inflammatory and 
immune responses. No prior exposure is needed to 
mount an innate immune response.

In contrast, the adaptive immune system responds slowly, over 
several days, generating a response to particular, narrowly defined 
chemical patterns unique to a particular infectious agent or other 
pathogen. This response produces specific antibodies that mark 
the organism (or related material) for destruction. Prior exposures 
are remembered by the adaptive immune system, which enables a 
quicker response upon re-exposure.72

Understanding 
innate immunity  
is especially 
important to 
understanding 
chronic 
inflammatory 
disease.

A Key Link Between Fatty Acids and the Innate  
Immune System: the Critical Role of Saturated Fat  
in Lipopolysaccharide
Perhaps the best-known PAMP is the material derived from the cell 
wall of some common bacteria, called lipopolysaccharide (LPS). 
LPS, also known as endotoxin, is a key substance responsible for the 
activation of the innate immune system by bacterial infection. When 
full blown, the inflammatory response caused by LPS/endotoxin can 
include shock, multi-organ failure, and death.73
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Introduction to Fatty Acids, Key 
Players in Immune Function

Fatty acids are the major lipids in the diet. Fatty acids and their derivatives 
provide structural building blocks for cell membranes. Fatty acids are also 
major components of triglycerides, a form of fat used to store energy in 
adipose (fatty) tissue. Fatty acids are found in all tissues and are carried in 
the blood in the form of lipoproteins or as free fatty acids. Derivatives of long 
chain omega-3 fatty acids in particular are highly concentrated in the brain. 
Increasingly fatty acids are recognized as having biologically active properties 
including the regulation of genes involved in inflammation and metabolism. 83

Fatty acids are composed of carbon chains typically between 12 and 24 
carbons in length, surrounded by hydrogen atoms, with an acid group 
attached at one end of the chain. Saturated fats are geometrically straight due 
to the similarity of the single bonds between each of the carbons in the chain. 
Unsaturated fatty acids have one or more double bonds between carbon 
atoms, causing a kink in the chain at each double bond. the kinks prevent 
the unsaturated fat molecules from tightly aligning with each other, causing 
unsaturated fats to be liquid at room temperature, where as saturated fats 
are solid. Monounsaturated fatty acids (MUFAs)—which include the major 
fatty acid in olive oil, oleic acid—have one double bond. polyunsaturated fatty 
acids (pUFAs) have more than one double bond and can be divided into the 
omega-3 and omega-6 families. the omega-3 fatty acids all share a double 
bond at the third carbon from the methyl end of the chain. Omega-6 fatty 
acids have a double bond at the sixth carbon position from the methyl end of 

the chain, and a single bond at the third 
carbon. Omega-3 fatty acids are found 
in the chloroplasts of green plants.84 thus 
the sources of omega-3 fatty acids in 
the human diet include green plants and 
foods derived from animals with green 
plants or algae in their food chains—
including fish and to a lesser extent, 
the products of pasture-fed animals. 
Omega-6 fatty acids are found in grains 
and are concentrated in vegetable oils 
and the products (especially fast foods) 
that incorporate them. Saturated fats are 
increased in fatty meats from confined, 
grain-fed animals, which provide most 
animal-based foods in the US. (Food 
products from animals grazed on green 

Types of Fatty Acid

Saturated fat Unsaturated fat

PUFA MUFA

Omega 3 Omega 6

• Fish
• Canola, flax seeds
• Green vegetables
• Products from grazed animals
• Eggs from flax-fed chickens

• Fast & processed food
• Grain-fed animal products
• Corn, soy, sunflower,
• Safflower, peanut oils

The listed foods are particularly good sources for the fatty acid family under 
which they are listed. In some cases, the food may provide some of both 
omega-3 and omega-6 fatty acids.

• Olive oil

Where’s the fat?

cell membranes
fat tissue

blood
brain

FOOD for
THOUGHT
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pasture have increased levels of 
omega-3 fatty acids.85) Other sources 
of saturated fat include baked goods, 
cheese, milk, margarine and butter.86

this diagram illustrates two important 
ways that omega-3 and omega-6 
fatty acids interact with the immune 
system. the net result is that omega-6 
fatty acids can have both inflammatory 
and anti-inflammatory effects, while 
omega-3 fatty acids have predominantly 
anti-inflammatory effects. Omega-6s 
have an inflammatory effect as the 
sole substrate for highly inflammatory 
eicosanoids.87 Omega-6s can also have 
anti-inflammatory effects—by giving 
rise to less prominent anti-inflammatory 
eicosanoidsh 88 and by inhibiting innate 
immune activation by saturated fat through the toll-like receptor. (See part 2 
of this chapter.) Omega-3 fatty acids, on the other hand, give rise to relatively 
anti-inflammatory eicosanoids and are much more potent inhibitors of innate 
immune activation through the toll-like receptor.89

Selected properties of omega-3, omega-6, and saturated fats, as discussed in 
this report, are listed below. health effects of the various types of fatty acids are 
discussed in chapter 7.

h Omega-6 linoleic acid (LA) is elongated to arachidonic acid (AA), the substrate for 
inflammatory eicosanoids. However, an intermediate between LA and AA, dihomo-GLA 
(DGLA) itself can give rise to the relatively anti-inflammatory 1-series prostaglandins. 
Thus LA can give rise to both inflammatory and anti-inflammatory prostaglandins.

Fatty Acids, Eicosanoids and Innate Immunity

anti-inflammatory
eicosanoids

Prostaglandins
Thromboxanes
Leukotrienes
Lipoxins

innate immune
activation

inflammatory
eicosanoids

TLRs Prostaglandins
Thromboxanes
Leukotrienes

20 Carbon PUFA

Omega 3

= activation
= inhibition

= inflammatory
= anti-inflammatory

Food system 
properties   

Immune 
properties

Evolutionary 
context

Omega-3

perishable•	
Short shelf life •	

anti-inflammatory

recent marked 
decline

Omega-6

Durable•	
processed foods•	
Long shelf-life•	

inflammatory & 
anti-inflammatory

recent marked 
increase

Saturated 

Increased in •	
factory farmed 
animal products

inflammatory

recent marked 
increase

Properties of Fatty Acids
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The portion of LPS that causes most biological activity, lipid 
A, contains saturated fat.i If the saturated fat is removed from LPS, 
the LPS is no longer immunologically active, causing a complete loss 
of endotoxic activity. 74 Further, lipid A without saturated fat  
functions as an antagonist to native lipid A. Thus, saturated fat has 
been shown to be essential for the potent endotoxic, immunologic 
effect of LPS. 75-77

A growing body of evidence suggests that saturated fat itself 
plays a critical role in activating the Toll-like receptors and stimulating 
innate immunity—even without LPS.78-80 This provides an important 
mechanism that may be key to the observed association between 

diets high in saturated fat and Western 
chronic diseases—cardiovascular disease, 
insulin resistance/diabetes and others.  It 
should be noted that elevated levels of 
fatty acids in the blood are associated not 
only with obesity and dietary ingestion, 
but may also reflect endogenous lipid 
formation, which is activated in the state 
of insulin resistance. The interaction of 
Toll-like receptors and fatty acids, and 
the implications for chronic Western  
diseases (including Alzheimer’s) is dis-
cussed in the sections on Insulin and  
TLR Signaling below.

While LPS exposure has largely been associated with bacte-
rial infection, recent evidence from human and animal studies shows 
that LPS exposure can occur in the absence of infection via absorp-
tion from the intestinal tract into the blood. The degree of absorp-
tion of LPS from the gastrointestinal tract depends on the bacterial 
composition of the intestine and, importantly, can be modulated 
by diet. In 201 apparently healthy men, LPS levels in blood plasma 
were higher in those who reported a higher level of dietary fat and 
total energy intake.81 All fat types, saturated, monounsaturated, and 
polyunsaturated, showed this trend. In a study in mice, LPS levels 
in blood increased with dietary fat and could be modified by the use 
of broad spectrum oral antibiotics, which altered the bacterial flora 
in the intestine.82 These observations, among others, underscore the 
important and complex interconnections between diet, the intestine, 
and the immune system.

i Specifically, lipid A contains the saturated fats hydroxymyristate, laurate, and myristate 
that are acylated onto a glucosamine moiety.

Saturated fat itself 
plays a critical role 
in... stimulating 
innate immunity.
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part 2: Cell Signaling

The inflammatory mediators referred to in the previous 
sections can be seen as part of a larger category of cellular 
communication—generally referred to as cell signaling. Cell 

signaling, simply put, refers to communication and crosstalk 
among and within cells. This communication collectively informs 
an organism of conditions in its external or internal environment, 
allowing a response to occur. Hormones, neurotransmitters, and 
growth factors are examples of signaling among cells. Within cells, 
the basic processes of cellular function, such as metabolism or gene 
expression, are also comprised of cell signaling.

Recent exciting developments in this field have revealed a 
complex of cell signaling cascades that link fatty acids and other 
dietary factors, innate immunity, insulin resistance, and diabetes-
associated diseases—including vascular disease (in the heart, 
brain, and peripheral arteries), hypertriglyceridemia and Alzheimer’s. 
Thus, common cell signaling pathways appear to provide compelling 
mechanistic explanations for observed patterns of disease—and 
their association with chronic immune activation and Western 
nutrition. Cell signaling pathways also integrate inputs from 
genetic and other environmental factors—including toxicants, 
exercise, obesity, psychosocial stress and health conditions—into 
the complex web of conditions influencing health and disease risk.

Signaling cascades are sequences of signaling molecules in 
which the activation of one kind of molecule triggers activation 
of molecules downstream. Signal initiation often relies on protein 
receptors located in the cell membrane. Cascades translate signals 
from outside the cell into signals and ultimately actions within  
the cell. They are thus a critical interface between the outside  
world and the internal domain of the cell.j All of these signals are 
intimately involved in the vast web of basic cellular function.

Here we introduce two signaling cascades, the insulin  
cascade and the Toll-like receptor cascade, which are emerging as 
central in nutrition, metabolism, chronic immune activation,  
and vascular function.

Cell signaling 
cascades... link 
fatty acids and 
other dietary 
factors, innate 
immunity, insulin 
resistance, and 
diabetes-associated 
diseases.

j Some signaling molecules—such as steroid hormones—work through nuclear receptors 
rather than cell surface receptors.
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the Insulin Cascade
Insulin is a powerful metabolic hormone affecting virtually every 
tissue in the body.90 Key insulin actions include facilitating the uptake 
of glucose from the blood, synthesis of glycogen (a complex of many 
glucose molecules stored in muscle and the liver), production of nitric 
oxide by endothelial cells lining the inner blood vessel (allowing blood 
vessels to dilate, keeping them agile and healthy), and the inhibition 
of triglyceride synthesis (suppressing levels of serum triglyceride as 
well as VLDL,k a lipoprotein that carries much of the triglyceride in 
the bloodstream). The insulin cascade activates signaling molecules 
that trigger key cellular actions of insulin. (See sidebar.) This complex 
process is the subject of intensive ongoing research.

Insulin signaling is disrupted in the states of insulin resistance 
and diabetes. The disruption of the insulin cascade provides a mecha-
nism for the observed cluster of diabetes-associated diseases. Disrup-
tion of the insulin signaling cascade causes:

 Failure of glucose uptake, (due to dysfunction of the glucose •
transporter), causing hyperglycemia (elevated blood sugar).

 Disinhibition of VLDL synthesis, causing elevated levels of  •
VLDL and triglycerides in the blood.

 Disruption of endothelial nitric oxide production (in the inner •
lining of blood vessels), causing a loss of vascular agility and  
flexibility and leading to vascular disease in the heart, brain,  
and peripheral arteries.

Emerging evidence suggests that dysfunction of the insulin 
cascade has adverse effects on neurological health. Thus, insulin 
resistance and diabetes are increasingly seen as contributing to the 
risks of Alzheimer’s disease and cognitive decline. (See chapter 7.)

toll-Like Receptors, Fatty Acids and Inflammatory 
Disruption of Insulin Signaling
As mentioned above, Toll-like receptors (TLRs) are a family of 
pattern-recognition receptors that activate the innate immune system 
in response to particular pathogen-associated molecular patterns 
(PAMPs). This built-in recognition insures a rapid immune response 
to key materials associated with potentially dangerous pathogens. 

k VLDL is the abbreviation for very low density lipoprotein.

Disruption 
of the insulin 
cascade provides 
a mechanism 
for the observed 
cluster of diabetes-
associated 
diseases.
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The Insulin Cascade Links Metabolic  
and Vascular Signaling 91-95

At the cellular level, insulin stimulates a cascade of signals (via enzymes known as  
kinases and phosphatases) that activate or inhibit transcription of various genes  
affecting metabolism, cell growth, and differentiation. For the purposes of this 

introduction, it is simplistically represented in this diagram as described below.

Insulin signaling is triggered by the arrival of insulin (the green 
circle in the diagram) at the insulin receptor. this initiates the 
activation (via tyrosine phosphorylation) of the insulin receptor 
itself, which then activates the insulin receptor substrate. A cascade 
of activations then occurs that stimulates other proteins that, in 
turn, activate the glucose transporter, causing glucose uptake into 
the cell. the cascade also stimulates glycogen synthesis (storing 
glucose), and prevents the synthesis of new glucose. the insulin 
cascade thus provides energy in the form of glucose for the cell to 
use. And it keeps glucose in the blood from rising to high levels 
that cause a variety of problems.

the insulin cascade also triggers the production of endothelial 
nitric oxide synthase (eNOS)—an enzyme that produces nitric 
oxide in the endothelium lining blood vessels. this allows blood 
vessels to dilate. When the insulin cascade is disrupted, the 
deficiency of eNOS results in rigid blood vessels prone to injury 
and disease (including hypertension and vascular disease in the 
heart, brain, and peripheral arteries).

the normally functioning insulin cascade also inhibits a set of 
signaling proteins that regulate fat synthesis—the Forkhead 
transcription factorsl (Foxa2, Foxo1). When activated, these promote 
synthesis of saturated fat and triglyceridesm and the secretion of 
the lipoprotein VLDL (which carries triglyceride) by the liver. the 
deregulation of the Foxa2-cascades—which occurs in the state of 
insulin resistance and diabetes—is emerging as a key mechanism in the development of dyslipidemia 
in diabetes and insulin resistance.96

A variety of inflammatory signaling molecules can interrupt insulin signaling at several sites along 
the cascade.n 97 One of the key implicated signaling proteins is JNK,o which is emerging as a central 
metabolic regulator in the development of insulin resistance in obesity. JNK is activated by fatty acids, 
cytokines (including tNFa) and other factors.p 98

l Transcription factors orchestrate the expression of groups of genes, resulting in the synthesis 
of a group of proteins that may then have a number of effects.
m The actions of Foxa2 are mediated in part by the up-regulation of microsomal triglyceride transfer 
protein (MTP) and down-regulation of mitochondrial beta-oxidation of fatty acids.
n This is accomplished by removing activating tyrosine-phosphorylations or by creating inhibi-
tory serine-phosphorylations. For example, the phosphatase PTP-1B (protein tyrosine phos-
phatase 1B) is implicated in the inactivation of the insulin receptor and the insulin receptor 
substrate. PTEN (phoshatase and tensin homolog deleted on chromosome ten) and SHIP2 (Src 
homology domain-containing inositol phosphatase) both remove activating phosphorylations 
from the key insulin signaling protein PIP3, resulting in the inhibition of insulin signaling.
o Other members of the mitogen-activated protein (MAP) kinase family—which includes JNK – are 
also implicated in the disruption of insulin signaling. These include ERK1/2 and p38.
p In genetic and dietary models of obesity, interruption of JNK1 activity prevents the develop-
ment of insulin resistance and diabetes in mice.

HOW it
WORKS
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Lipopolysaccharide (LPS), associated with the cell wall of common 
bacteria, is the best recognized stimulant of TLR activation.q 99

The activation of TLR4, the most studied of the Toll-like 
receptors, causes inflammation and a variety of downstream con-
sequences. These consequences include the disruption of insulin 
signaling and its associated problems—hyperglycemia, elevated trig-
lycerides/VLDL, reduced nitric oxide production, and increased risks 
for cardiovascular disease and Alzheimer’s disease.

Recent evidence demonstrates that nonmicrobial substancesr  
can also activate TLRs or may heighten the TLR response to a patho-
gen.100 101 In particular, a substantial body of evidence (summarized 
by Lee and Hwang 2006)102 indicates that TLR4 activation is also 
triggered or exacerbated by saturated fat. In addition, omega-3 fatty 
acids have been shown to reduce TLR4 stimulation by saturated fat 
and LPS.103-106 Other poly- and monounsaturated fats also inhibit 
TLR activation, though they are far less effective than omega-3  
fatty acids.107

Thus, the modulation of TLR4 by fatty acids provides a  
mechanism that may explain some of the emerging links between 
dietary fatty acids—notably saturated fats and omega-3s—and 
chronic inflammatory disease, including cardiovascular disease, 
hyperlipidemia, and possibly diabetes.108-111 The interaction of fatty 
acids, LPS, TLR, and insulin cell signaling provides a sub-cellular 
framework that may explain, at least in part, the observed Western 
chronic disease cluster and its relation to the Western dietary pattern.

Limited data (neurobiological and nutritional epidemiology) 
suggest that TLR4 activation may play a role in Alzheimer’s disease 
as well. Little evidence is available at this time to clarify whether 
TLR4 activation, with or without saturated fat or LPS exposure, may 
play a role in Parkinson’s disease. However, LPS has been shown to 
cause dopaminergic degeneration in vitro and in vivo, suggesting the 
possibility of a TLR4 mechanism in Parkinson’s disease that merits 
further investigation. (See chapter 8.)

A summary of some of the key studies linking TLR4 and/ 
or its ligands (triggers) with chronic disease is provided in the  
diagram below.112-132

q TLRs were first recognized for their role in normal dorsal-ventral pattern development on 
Drosophila fruit fly embryos. Later it was discovered that TLRs initiate immune responses. 
To date, approximately 11 kinds of TLRs have been identified in humans. In general, the 
molecular patterns of PAMPs are highly conserved in evolution. The mechanism by which 
each TLR recognizes its particular PAMP is not yet well understood.
r  These include select lipids, carbohydrates, nucleic acids and proteins including heat shock 
proteins, fibrinogen and minimally modified LDL. 

The activation 
of TLR4, the 
most studied 
of the Toll-like 
receptors, causes 
inflammation 
and a variety 
of downstream 
consequences.



E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g  p a g e  8 3

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

Are Novel Nutrients Driving Chronic Inflammation and 
Aberrant Metabolism?
Changes in the food supply over the past century—especially the 
growth of factory farming, processed, and “fast” food—have radically 
altered the American diet. As a result, that diet, for many people, is 
now characterized by high intakes of refined carbohydrates, saturated, 
and omega-6 fats; and low intakes of fiber, omega-3 fatty acids, fruits, 
and vegetables. Separately and as a group, these dietary characteristics 
are linked to many of the major health problems of Western society.

A variety of human and animal studies over the past 15 years 
suggest that this relatively new dietary pattern contributes to a cas-
cade of inflammation, insulin resistance, dyslipidemia, and vascular 

Saturated Fat

tLR4

LpS
Adult and prenatal exposure to systemic LpS triggers (mediated via  
tNF alpha) chronic neuroinflammation & dopaminergic degeneration,  
in vivo. Qin, Ling

TLR4, TLR4-Ligands & Chronic Disease 
A Summary of Selected Evidence

LpS triggers tLR4-mediated neurodegeneration in vivo (mice) 
and in vitro Lehnardt

Loss of function tLR mutation inhibits microglial activation by amyloid- 
beta, resulting in lower release of IL-6, tNF, & NO, in vitro Walter

Increased atherosclerosis in an animal model Michelsen, pasterkamp

hypoactive tLR4 variant associated with decreased coronary artery dis-
ease Balestreri, Ameziane vascular inflammation, diabetes Kolek carotid athero-
sclerosis Kiechl & late onset Alzheimer’s disease Minoretti

In vitro inflammation Lee

Systemic Insulin resistance in vivo Shi (lipid mixture)

Vascular inflammation, insulin resistance, & decreased eNOS in mice Kim

Decreased insulin signaling & NO production in human microvascular 
endothelial cells Kim

Increased insulin resistance in children & adults Kaitossan, Riserus, Vessby

Increased cardiovascular risk hu, hu, Ascherio

Increased Alzheimer’s disease & cognitive decline Morris, Morris

The modulation 
of TLR4 by fatty 
acids provides a 
mechanism that 
may explain some of 
the emerging links 
between dietary fatty 
acids...and chronic 
inflammatory disease.
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dysfunction. Two of the nutrients of particular concern, which act as 
inflammatory drivers in this pathway, are saturated fat and high-gly-
cemic carbohydrates, (carbohydrates that are rapidly absorbed into 
the blood, causing sudden spikes in blood glucose and insulin).

A considerable body of evidence links high-glycemic diet 
with chronic disease.s Among the several hundred studies published 
since the concept of glycemic index was first proposed in 1981, most 
report health benefits with a diet of low-glycemic foods.133

Also emerging as key inflammatory features of the Western diet 
are the deficiencies of omega-3 fatty acids and essential micronutri-
ents. The sidebar Eicosanoids: Inflammatory Mediators Derived From 
Omega-6 and Omega-3 Fatty Acids describes the predominantly inflam-
matory effects of omega-6 –derived eicosanoidst and the generally bal-
ancing, anti-inflammatory effects of those derived from omega-3s.

Each of these components of the current inflammatory nutri-
ent pattern also represents relatively recent developments in the 
human diet in the timeframe of human evolution.134 135

These features of the Western diet can be integrated into a 
novel-nutrient inflammatory-metabolic framework (based on the TLR 
and insulin signaling cascades). While this is a selective, simplified 
representation, it provides a glimpse of the web of connections among 
nutrition, cell signaling, inflammation, metabolism, and the Western 
disease complex. These interactions underscore the importance of 
particular dietary patterns as contributing and preventable causes of 
Western diseases. The power of nutrition to profoundly alter public 
health is further demonstrated by clinical nutrition studies (both obser-
vational and randomized controlled trials).

Of note, the fatty acids synthesized by the liver in these  
circumstances are largely saturated fatty acids.139-142 u Thus, the 
cascade begun by the action of saturated fat on the Toll-like receptor, 
or by the elevation of glucose and insulin due to high-glycemic 
carbohydrate, ultimately leads to the production of saturated fat, 
which may continue to feed the cycle of inflammation.

s This evidence includes includes metabolic studies, short- and medium-term randomized 
trials, and long-term epidemiologic observations. 
t Omega-6 –derived inflammatory mediators include the pro-inflammatory 2-series prosta-
glandins and thromboxanes and the 4-series leukotrienes. The omega-3–derived 3-series 
prostaglandins and 5-series leukotrienes are less inflammatory or anti-inflammatory. See the 
sidebar “Eicosanoids: Inflammatory Mediators From Omega-6 and Omega-3 Fatty Acids” 
for further detail and references.
u Palmitic acid (a saturated fat) is the major fatty acid synthesized by the liver.

This relatively 
new dietary 
pattern 
contributes to 
a cascade of 
inflammation, 
insulin resistance, 
dyslipidemia, 
and vascular 
dysfunction.
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The relative scarcity of omega-3 fatty acids in the Western  
diet also contributes to this inflammatory-metabolic pathway at  
multiple points. Omega-3 fatty acid deficiency allows Toll-like 
receptor stimulation by saturated fat to go unopposed. Further, low 
omega-3s in conjunction with elevated omega-6 fatty acids may  
promote a pro-inflammatory eicosanoid (PGs, LTs, TXs) profile.

While there are multiple entry points in this inflammatory-metabolic pathway, we begin, for the 
sake of discussion, with consumption of saturated fat. this produces inflammation through the 
toll-like receptor, causing elevations of inflammatory mediators, such as NFkB, tumor necrosis 
factor (tNF) and other cytokines. (Note that LpS—originating from bacterial infection or lipid-
mediated gut absorption, as previously described—can also stimulate inflammation through the 
toll-like receptor.) that inflammation inhibits the insulin receptor and its downstream signaling, 
resulting in dysfunction of the glucose transporter. Without a functional glucose transporter 
to bring glucose into the cell, blood sugar rises, causing commensurate elevations of insulin. 
Elevations of blood glucose and insulin increase the synthesis and secretions of fat by the liver 
(a process called hepatic lipogenesis). this is driven in part by the greater quantity of glucose 
delivered to the liver, providing substrate for lipid synthesis. Elevated glucose and insulin also 
increase fat synthesis by stimulating transcription factors that up-regulate key lipogenic enzymes. 
these, in turn, increase the synthesis of triglyceride (tG), which is secreted into the bloodstream 
as VLDL. these consequences of insulin disruption promote the hypertriglyceridemia (elevated 
blood triglycerides) typically associated with diabetes.v 137 138 Disrupted insulin signaling also 
blocks the production of nitric oxide within blood vessels. this leads to impaired vascular 
flexibility, promoting vascular injury and ultimately blood vessel disease (cardiovascular, 
peripheral vascular, and cerebrovascular disease) associated with diabetes.

v Emerging evidence suggests that triglyceride elevations in the nonfasting state—which 
individuals are in most of the time—are an important risk factor for atherosclerosis (the 
main cause of heart attacks and strokes).
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High-glycemic carbohydrate, as indicated in the diagram, can 
also promote the inflammatory metabolic pathway by causing acute 
elevations of glucose and insulin, promoting further hepatic lipogenesis.

And finally, low levels of antioxidant micronutrients (includ-
ing vitamins E, C, and polyphenols) allow higher levels of oxida-
tive stress to occur. This promotes activation of transcription factor 
nuclear factor kappa B (NFkB) and further increases the expression 
of pro-inflammatory cytokines.

Anti-Inflammatory Omega-3 Fatty Acids—An  
Essential Nutrient Gone Missing
While there is still much to be learned about fatty acids, a growing 
body of evidence links omega-3s to protection against a variety of 

common illnesses. The benefits of omega-3s are well 
established for reducing cardiovascular disease and 
elevated triglycerides.151 152 In addition substantial 
evidence links omega-3s to the reduction of risks 
for depression,153 ADHD and related developmental 
problems,154-159 and Alzheimer’s disease. (See chapter 
7.) There is also suggestive but as yet inconsistent 
evidence of a role of omega-3 fatty acid deficiency  
in rheumatoid arthritis,160 161 asthma,162 163 and  
other illnesses increasingly linked to excessive 
inflammation.164

Omega-3s have been largely removed from many sectors of 
the globalized food system, in part because they are susceptible to 
oxidation, or spoilage, due to their chemical structure. They are thus 
fundamentally incompatible with a food supply built around long 
shelf life and long-distance shipping. As omega-3 fats have dimin-
ished in the food supply, they have been replaced largely by omega-6 
fats, which are less susceptible to spoilage. Changes in animal 
husbandry are also reducing omega-3s in the food supply. Since 
omega-3s enter the food chain from chloroplasts of green plants, the 
replacement of grazing farms—where animals freely consumed green 
vegetation—by grain-feeding on factory farms has diminished the 
omega-3 content of dairy, beef, chicken, and other animal products. 
Instead, these products contain increased levels of saturated fat, due 
to overfeeding and confinement, and omega-6s, which are contained 
in grain.165-168

The relative scarcity of omega-3 fatty acids contributes to 
the cascade of inflammation described above. Omega-6 fatty acids, 

Changes in animal 
husbandry are also 
reducing omega-3s 
in the food supply. 
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Eicosanoids: Inflammatory 
Mediators Derived from Omega-6 
and Omega-3 Fatty Acids

Eicosanoids are a family of inflammatory mediators—including the prostaglandins 
(pG), leukotrienes (Lt) and thromboxanes (tX)—that are derived from omega-6 
and omega-3 fatty acids that are 20 carbons in length. (the carbon chains that 
form the fatty acid backbone vary from a few up to 30 carbons in length.) Elevated 
inflammatory eicosanoid levels are commonly seen in blood or tissues from patients 
with acute and chronic inflammatory conditions. Metabolism of the omega-6 
20-carbon fatty acid (arachidonic acid) by the cyclooxygenase enzyme (COX) produces 
the inflammatory 2-series pGs and tXs. Inflammatory cell production of COX-2, (an 
inducible form of the COX enzyme),143 in turn, is triggered by immune stimulation, 
which increases the production of pGs. 144 pGE2, for example, causes fever, vascular 
permeability, and vasodilation, and increases pain and inflammatory swelling caused 
by other agents. pGE2 has also been shown to induce COX-2, thereby up-regulating 
its own production.w Metabolism of omega-6 arachidonic acid by the 5-lipoxygenase 
enzyme (LOX) produces the leukotriene (Lt)4 series.145 146 LtB4 increases vascular 
permeability, leukocyte chemotaxis, and increased production of reactive oxygen 
species and inflammatory cytokines like tNF-a, IL-1 and IL-6. Other Lts of this seriesx 
are bronchoconstrictors and are implicated in the pathogenesis of asthma.y thus, 
omega-6–derived eicosanoids have a spectrum of predominantly inflammatory effects.

Metabolism of the omega-3 20-carbon fatty acid (eicosapentaenoic acid, or EpA), 
produces the 3-series eicosanoids, which have reduced inflammatory (or relatively 
anti-inflammatory) properties. For example, the EpA-derived LtB5 is 10- to 100-fold less 
potent in attracting inflammatory cells than LtB4. the EpA-derived pGE3 is a less potent 
inducer than pGE2 of COX-2 gene expression in fibroblasts and of IL-6 production by 
macrophages. Recent studies have also identified a novel group of mediators formed 
from EpA and DhA by the action of COX-2/LOX enzymes, called E-series resolvins, 
which appear to exert anti-inflammatory and inflammation-resolving actions.147

Key fatty acids—from both the omega 3 and 6 families—are essential in the diet, 
meaning that we need them and cannot manufacture them from scratch. We can 
elongate fatty acids (producing the long-chain fatty acids from shorter chains that are 
more readily available in the diet), but we cannot convert fatty acids from one omega 
fatty acid family to another. thus, consuming both omega-3s and -6s is important. 
Since omega-6s are generally abundant in the food supply, while omega-3s are 
scarce, achieving a less-inflammatory eicosanoid profile requires improving dietary 
omega-3 consumption.

w PGE2 also induces production of the inflammatory cytokine IL-6 by macrophages. 
Adding to the complexity, PGE2 can also cause anti-inflammatory effects, thus dem-
onstrating, like many other eicosanoids, the capacity to cause both inflammatory and 
anti-inflammatory effects.
x Other 4-series leukotrienes include LTC4, D4 and E4.
y Leukotriene inhibitors (such as montlukast, zafirlukast, or zileuton) are commonly used 
for long-term asthma control.

HOW it
WORKS

Other Inflammatory 
Mediators
Cytokines - proteins secreted 
by immune and related cells 
(including fat and endothelial 
cells) that are involved in virtu-
ally every aspect of immunity 
and inflammation, including the 
initiation of the innate immune 
response. Cytokines affect cell 
growth, differentiation, and 
activation functions that affect 
the immune response.148

Chemokines - a family of 
cytokines that cause the 
migration of inflammatory and 
noninflammatory cells to various 
tissues. Chemokines have been 
implicated in inflammation, 
autoimmune diseases, and 
infection by HIV-1.149

Vascular adhesion proteins - 
molecules located on the surface 
of endothelial cells (the inner 
lining of blood vessels) that bind 
to inflammatory cells, allow-
ing them to enter local tissues. 
Examples include - intracellular 
adhesion molecule-1 (ICAM-1), 
vascular cell adhesion mole-
cule-1 (VCAM-1) and E-selectin.

Transcription factors - key 
substances that regulate the 
expression of groups of genes. 
These genes then produce pro-
teins that have roles in inflam-
mation, metabolism, or other 
processes. Nuclear factor kappa 
B (NFkB) is an example of a 
transcription factor that plays an 
important role in the production 
of pro-inflammatory cytokines 
and other proteins. NFkB is 
activated in particular by  
oxidative stress.150

G lossary
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which are also essential for many biological functions, may have 
both inflammatory and anti-inflammatory effect through a variety 
of mechanisms.

 A variety of data suggests that omega-6s and -3s are in a 
healthy balance when their ratio is between 1:1 and 4:1,169 though not 
all studies are consistent.170 The average American diet has a ratio of 
about 17:1. The Approaches To Healthy Living in Chapter 9 provide 
dietary measures that increase omega-3 consumption, improve the bal-
ance of omega-3s and omega-6s, and enhance nutrition in general.

Inflammatory-Metabolic pathway Compounded by Multiple 
Environmental Factors and Conditions: Inflammatory 
Chemicals, Lack of Exercise, Obesity, and More
While dietary factors are extremely important, the inflammatory- 
metabolic pathway is also likely to be driven by a variety of other 
factors that up-regulate inflammatory (and in many cases oxidative 
stress) pathways. These factors include various industrial chemicals 
and pesticides, inadequate exercise, obesity and psychosocial stress.

Examples of inflammatory chemical pollutants include air 
pollution (including ultrafine particles), endocrine disruptors such 
as bisphenol A and nonylphenol, and persistent organic pollutants 
such as some forms of dioxin and PCBs. Key points of impact of 
each of these factors on the inflammatory-metabolic pathway are 
shown in the diagram below. While only a few chemicals have been 
studied in this regard, such effects may not be unusual among the 
many hundreds of chemicals to which populations are routinely 
exposed. The cumulative impact of multiple inflammatory chemical  
exposures may therefore be considerable.

Bisphenol A is an example of a chemical contaminant 
with inflammatory-metabolic effects. According to biomonitoring 
studies, exposures to bisphenol A, a component of polycarbonate 
plastic and various resins and sealants, are common in the general 
population. Low-level exposure to bisphenol A in mice resulted in 
the development of elevated insulin levels and insulin resistance.171 
This hyperinsulinemic effect is a significant public health concern.172 
Bisphenol A and nonylphenol, (an endocrine disruptor used in plastic 
and petroleum processing and in surfactants), have also been shown 
to promote the development of fat cells in cell culture. (Specifically 
they accelerate the differentiation of adipocytes and increase the 
accumulation of fat in both adipocytes and hepatocytes.)173 This 
suggests that bisphenol A and nonylphenol may independently 
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promote the development of obesity as well as hyperinsulinemia. 
A number of industrial chemicals, including pesticides, also 
inappropriately up-regulate oxidative stress, further stimulating  
the inflammatory cascade. (See chapter 8.)

In another example, exposure among the U.S. population 
to several persistent organic pollutants, or POPs, (in this case 
organochlorine chemical contaminants including some PCBs and 
dioxins, and several pesticides) has been shown to strongly correlate 
with the likelihood of having type II diabetes, insulin resistance, and 
metabolic syndrome.174 175

Inadequate exercise is also associated with inflammatory-
metabolic effects.176 Exercise reduces the incidence of a variety of 
diseases associated with inflammation and oxidative stress, including 
cardiovascular disease, diabetes, and Alzheimer’s disease. Paradoxi-
cally, exercise itself increases the production of ROS. This leads to 
up-regulation of antioxidant enzymes and enzymes that repair oxi-
dative damage.177 The net result is a decrease in oxidative damage 

Exercise reduces 
the incidence of a 
variety of diseases 
associated with 
inflammation 
and oxidative 
stress, including 
cardiovascular 
disease, diabetes, 
and Alzheimer’s 
disease.

Multiple Drivers of Inflammation, Aberrant Metabolism
Novel Nutrients, Toxicants, Inadequate Exercise, Obesity, Stress

Endrocrine
Disruptors

POPs

Endocrine
Disruptors

Obesity,

Inadequate
Exercise

Psychosocial
Stress
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and increased resistance to oxidative stress. Consistent with the 
link between oxidative stress and inflammatory cytokines, studies 
in people and animals show that exercise conditioning is associated 
with reduced inflammatory markers.178

Similarly, obesity is associated with increased inflammatory 
markers, possibly due to the increased secretion of inflammatory 
cytokines by adipose tissue.179 This was illustrated in a study of iden-
tical twins with an average 18 kg intrapair difference in body weight, 
in which inflammatory markers were significantly higher in the obese 
members of the twin pairs.180

Air pollution181-184 and psychosocial stress185-187 are also  
associated with local or systemic inflammatory markers and may 
therefore contribute further to the drivers of inflammation and  
aberrant metabolism.

In the diagram above, multiple points of potential impact on 
the inflammatory-metabolic cycle have been simplified for the pur-
poses of graphic presentation. The influence of these various factors 
on Alzheimer’s/cognitive decline and Parkinson’s disease will be dis-
cussed in chapters 7 and 8.

the prevention Imperative Looms Large: Expanding the 
Environmental paradigm to Include Diet and Exercise
Placing dementia/cognitive decline within the Western disease cluster 
has important implications for prevention. These diseases are highly 
responsive to preventive intervention. In fact, healthy diet and life-
style have been associated with as much as an 83 percent lower risk 
for the development of cardiovascular disease188 and a 91 percent 
lower risk for the development of diabetes type 2 among women189 
in long-term observational studies. Clinical intervention studies, 
(including several randomized studies190-192), have demonstrated 
reductions of approximately 50 percent in diabetes193 and associated 
mortality194 with diet and lifestyle intervention. Consumption of a 
Mediterranean-type diet by heart attack patients reduced recurrent 
heart attacks by 70 percent195 and mortality by nearly 50 percent196.

A variety of human observational and animal studies sug-
gest that striking reductions may also be achieved in the incidence of 
dementia/cognitive decline with similar interventions. These data are 
reviewed in chapter 7.
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Recognizing the significance of diet and exercise does 
not reduce the importance of toxicologic/chemical factors in 
neurodegenerative disease. In fact, diet, exercise, toxicants and 
social stress all influence the inflammatory-metabolic pathway. The 
few studies that have looked at multiple factors suggest they may 
interact in ways that are additive and possibly synergistic.197 198

Conclusion

In this chapter we have considered cellular and subcellular mecha-
nisms – especially inflammation and oxidative stress – that con-
tribute to neurodegeneration and the associated illnesses in the 

Western disease cluster. We have introduced the insulin and Toll-like 
receptor (innate immune) signaling cascades as common mechanistic 
pathways in this disease cluster. We have seen how nutrition, toxi-
cants, obesity, exercise, and stress may interact through an inflamma-
tory-metabolic framework (based on these cascades) to increase risks 
for inflammation, diabetes and associated Western disease cluster 
illnesses. We turn now to the environmental influences themselves 
that act through these mechanisms to affect the risks of Alzheimer’s 
disease, other dementias (chapter 7) and Parkinson’s disease (chapter 
8). As will be discussed, the considerable influence of these factors – 
alone and in combination – underscores the compelling opportunities 
at the personal, community and policy levels to reduce the risks for 
the Western disease cluster and neurodegenerative disease.

Diet, exercise, 
toxicants and social 
stress all influence 
the inflammatory-
metabolic pathway.
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In this chapter we will review some of the evidence of the critical  
role of environmental factors in common forms of dementia, 
and in cognitive decline more generally. While a comprehensive 

review of the literature is beyond the scope of this report, we have 
tried to clarify some of the key drivers. We have limited this review 
to environmental chemicals, nutrition, health and social conditions, 
and exercise. We have not considered the potential role of infectious 
agents, cigarette smoking, caffeine, drugs of abuse, estrogen, and 
pharmaceuticals, among other factors.

As discussed in chapter 5, a growing body of evidence suggests 
that various forms of neurodegeneration and associated symptoms may  
be viewed as a continuum. In this chapter we treat several common 
forms of dementia in particular as a continuum. Likewise, the lack of 
clear distinction between normal aging, abnormal cognitive decline, and 
dementia—in both symptoms and histopathology1—suggests that the 
degree of impairment can also be viewed as a spectrum.

In this chapter, we represent this spectrum of common 
dementias with the compound term “Alzheimer’s disease/dementia.” 
This allows us to discuss environmental factors that influence 
the larger spectrum of inter-related conditions and acknowledges 
frequently overlapping or mixed pathology. Similarly, we represent 
the spectrum of clinical severity with the terms “Alzheimer’s disease/
cognitive decline” or “dementia/cognitive decline.” These broadly 
framed terms are consistent with the emerging view that cognitive 
decline—and the dementia it may lead to—are products of multiple 
interacting environmental and genetic influences. The wide variety 
of these influences is reflected in a continuum of pathologies and 
symptoms across diagnostic categories and degrees of severity.

We begin by addressing several preliminary subjects that 
provide a context for discussing environmental influences: the  
clinical picture of Alzheimer’s/dementia, known genetic causes,  
and gene-environment interactions.

Cha p t e r  7
environmental Factors 
in the Development  
of Dementia
Focus on Alzheimer’s Disease 
and Cognitive Decline

the lobster is a symbol for 
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in Japan, and are especially 
associated with New Year’s 
festivities and feasts.

In this chapter 
we treat several 
common forms 
of dementia as a 
continuum.



p a g e  9 8  E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

alzheimer’s Disease and Dementia—Clinical Features

In the clinical setting, Alzheimer’s—like other forms of dementia—
is defined as a decline in multiple cognitive functions, including 
memory, that is severe enough to interfere with daily function-

ing. The typical early symptoms, as defined by current convention, 
are difficult to distinguish from “normal” aging: gradual onset of 
short-term memory problems, language and visual-spatial percep-
tion difficulties, and declining executive function, including organi-
zational abilities and efficiency. By definition, however, symptoms 
that tend to be sporadic, can be compensated for, and are generally 
non-progressive are considered normal aging. Symptoms that worsen 
over time and impair basic functions—such as speech fluency and the 
ability to prepare a meal or pay a bill—are by definition character-
istic of dementia. Since the progressive nature of symptoms is key to 
the diagnosis, the determination that someone has dementia cannot 
be made at the onset of symptoms. Distinguishing normal aging from 
early dementia in practice is often very difficult.

The frequency of dementia is strongly related to age, with the 
prevalence nearly doubling every five years, from about 1.5 percent 
in 60–69-year-olds to 40 percent in 80–89-year-olds.2 According to 
the conventional classification, Alzheimer’s is the most common form 
of dementia, followed by vascular dementia, Lewy body dementia, 
and frontotemporal dementia.3 (See chapter 5.)

Genetic Factors in alzheimer’s Disease
Inherited, early-Onset alzheimer’s

Several genetic mutations increase amyloid-beta production or 
processinga and are associated with early-onset, familial forms 
of Alzheimer’s disease—generally before age 60. Amyloid-

beta is the primary constituent of extracellular plaques, typically 
considered one of the two pathological hallmarks of Alzheimer’s 
disease, whether inherited or sporadic. The extent to which plaques 
and tangles (the other pathological hallmark), are responsible for 
neuron degeneration or merely markers of other fundamental  
processes gone awry continues to be debated, particularly with 
regard to the more common, late-onset form of the disease.

Amyloid-beta is generated by the cutting of a larger amyloid 
precursor protein by two enzymes, (beta and gamma secretase), a 

a by the gamma-secretase enzyme

Distinguishing 
normal aging from 
early dementia in 
practice is often 
very difficult.
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process that occurs in all cells in the body for reasons that are as yet 
unknown.4 This process is increased in the aging brain, and much 
more so in the Alzheimer’s brain. Once cut, fragments of amyloid-
beta that lie outside the cell may aggregate into small, soluble mol-
ecules (oligomers) which can further concentrate into fiber-like 
structures. Oligomers are toxic to cultured neurons5 6 and interfere 
with learning and memory in studies with laboratory mice. 7

Down syndrome, a genetic disorder caused by the presence of an 
extra chromosome (number 21) in the cells of affected individuals, also 
carries an increased risk for early-onset Alzheimer’s disease and demen-
tia.8 Down syndrome is characterized by intellectual disabilities and vari-
ous metabolic abnormalities. Postmortem examination of the brains of 
people with Down syndrome almost universally show amyloid plaques 
and tau tangles characteristic of Alzheimer’s disease, beginning as early 
as age 8,9 as well as evidence of excessive oxidative stress and lipid per-
oxidation.10 11 As in the general population, however, some people with 
Down syndrome with extensive amyloid-beta plaque formation survive 
into their seventies without evidence of dementia.

Several genes on chromosome 21 are likely to increase 
Alzheimer’s disease risk. Their over-expression in people with Down 
syndrome, because of an extra copy of the chromosome, may help 
to shed light on the origins of Alzheimer’s disease more generally. 
The amyloid precursor protein gene is located on chromosome 21 
and its over-expression leads to excessive production of that protein. 
A nearby gene is responsible for producing a protein that influences 
cholesterol transport within the cell and appears to increase the 
likelihood that amyloid-beta plaques will form from the excessive 
levels of amyloid precursor protein.12 A third nearby gene is respon-
sible for producing the enzyme superoxide dismutase (SOD1). Over-
expression of SOD1 contributes to an enzyme imbalance that results 
in excessive free-radical production, oxidative stress, and damage to 
critical cellular components.13 One study concludes that excessive 
oxidative stress precedes the onset of plaque formation in people 
with Down syndrome.14

Individuals carrying the early-onset Alzheimer’s genes have 
a high incidence of the disease and are affected at a relatively early 
age. However, these early-onset, genetically determined cases of the 
disease constitute a very small portion—between 4 and 6 percent—
of all Alzheimer’s cases.15

These early-
onset, genetically 
determined cases 
constitute a very 
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between 4 and 6 
percent – of all 
Alzheimer’s cases.
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Genetics of Sporadic, Late-Onset alzheimer’s  
Disease—apoe4
The more common, late-onset, sporadic form of Alzheimer’s has no 
known genetic causes. However, the ApoE4 gene, according to most 
studies in the developed world,16 17 18 increases the risks of developing 
Alzheimer’s disease/dementia. At least one copy of the ApoE4 gene 
is typically reported to be present in about 15 percent of the US 
population19 and in 5–41 percent of various populations around the 
world.20 One meta-analysis found the risk of Alzheimer’s disease in 
Caucasians to be increased approximately threefold in those carrying 
one copy (also called carriers, or heterozyotes) and nearly 15-fold 
in those carrying two copies (homozygotes) of the ApoE4 gene.21 
The risks among African Americans varied more between studies, 
averaging a 1.1 and 5.7-fold increase for African Americans carrying 
one and two copies of the gene, respectively. ApoE4 is also associated 
with a number of abnormalities in cognitive function in subjects 
without Alzheimer’s disease.

Interestingly, the ApoE4 gene is also commonly (though not 
uniformly) associated with a variety of other diseases and conditions 
including vascular dementia, mild cognitive impairment,22 23 elevated 
LDL cholesterol,24 and cardiovascular disease.25 26 27 One meta-analysis 
found the cardiovascular risk in ApoE4 carriers increased 1.42-fold.b 28

The ApoE gene plays a key role in lipid transport and processing. 
The ApoE lipoprotein that the gene produces carries lipid in the blood as 
well as in the brain, where it also transports and clears amyloid-beta.c 29 30

Beyond the Gene-environment Dichotomy:  
Gene-environment Interactions

health and disease in the brain, as in any organ system, are 
influenced by multiple factors. By tradition, these factors are 
typically divided into genetic and environmental influences. 

In some cases, where a genetic or environmental influence is truly 
determinative, this dichotomy holds up.d More often, however, 
genetic and environmental influences interact.e

b The increased risk was relative to the more common ApoE3 genotype.
c ApoE in the brain is produced by astroglia and microglia, and ApoE receptors are 
expressed by neurons.
d An example is infantile Tay Sachs Disease, which is caused by a genetic error in fatty acid 
metabolism and is invariably fatal within the first few years of life.
e This is illustrated by the PKU (phenylketonuria) gene, which causes mental retardation in the 
context of a conventional diet. Importantly, by removing the amino acid phenylalanine from 
the diet beginning in infancy, (i.e. altering the environment), mental retardation is prevented. 
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The ApoE4 gene provides an example of complex gene-
environment and gene-gene-environment interactions. As mentioned 
above, ApoE4 increases risks for Alzheimer’s and cardiovascular 
(among other) diseases, and Western lifestyle factors are emerg-
ing as key to these risks. This is illustrated in a 21-year Swedish 
observational study. It found that ApoE4 alone increased the risk 
for dementia/Alzheimer’s disease by a factor of 2.83. When interac-
tions with lifestyle factors were considered, the ApoE4-environment 
interactions increased the risk by a factor of 11.42. Environmental 
factors increasing risk included physical inactivity, alcohol drinking, 
smoking, and Western-type diet (specifically reduced intake of poly-
unsaturated fat and increased intake of saturated fat). The authors 
concluded that lifestyle interventions may greatly modify dementia 
risk, particularly among genetically susceptible individuals.31

A small body of cross-cultural epidemiologic studies also 
supports the view that Western lifestyle, including diet, is a key 
driver of ApoE4-associated risks. Several studies of Alzheimer’s/
dementia in Nigerian-Yoruba elders—who consume a low-fat, low-
calorie, and predominantly plant-based diet32 —found no significant 
association between ApoE4 and Alzheimer’s/dementia. They also 
showed much lower age-adjusted rates of dementia/Alzheimer’s 
disease. These findings contrasted sharply with the African-American 
control population in this study, which showed higher age-adjusted 
incidence of Alzheimer’s and a significant association of ApoE4 with 
the disease.33 34 35 36 37 f

Adding complexity, the ApoE-saturated fat interaction, men-
tioned above, can be further modified by additional genetic influ-
ences (for example, variations in an ApoE promoter gene).38 Such 
gene-gene-diet interactions may explain inconsistent findings among 
previous studies examining ApoE4 as a risk factor for a variety of 
conditions. This also illustrates a more general point that the risk of 
many diseases is influenced by multiple genes and multiple environ-
mental factors. These multiple factors constitute a virtual sea of con-
ditions in which the influence of single factors may vary considerably.

Several large longitudinal studies have found that ApoE4 
increases the risk of cognitive decline associated with atherosclerosis, 
peripheral vascular disease, and diabetes.39 40 Interestingly, one study 
examining the role of ApoE4 in chronic occupational lead exposure 
found that ApoE4 increased the adverse effect of lead on neurobe-
havioral function, including memory.41 Each of these factors will be 
discussed below.

f While the two populations had similar ApoE gene frequencies, the influence of other 
genetic factors cannot be ruled out as contributing to the different Alzheimer’s/dementia 
rates in these two populations.
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Thus the effects of ApoE4 on the risks of Alzheimer’s 
disease/cognitive decline increasingly appear to be influenced by 
environmental factors. The data suggest that modifying environmental 
factors may prevent the risks associated with ApoE4 and potentially 
a major portion of the Alzheimer’s/dementia burden. Additional 
studies, discussed below, provide abundant evidence of environmental 
influences independent of ApoE4-related mechanisms as well.

We now turn more specifically to environmental contributions 
to Alzheimer’s/dementia and cognitive decline.

environmental Chemicals

relatively few studies have examined the influence of toxic 
chemical exposures on the risk of dementia/cognitive decline. 
Nonetheless, evidence has begun to develop. Studies implicating 

lead, pesticides, PCBs, particulate air pollution, and aluminum have 
recently been published. In one recent study, 21 percent of more than 
a thousand patients presenting to a university clinic for cognitive 
disorders had histories suggestive of toxic environmental and occu-
pational exposures. A history of toxic exposure significantly lowered 
the age of onset of cognitive decline, an effect equivalent in magni-
tude to that caused by carrying two copies of the ApoE4 gene.42

Lead
Lead is toxic to multiple organ systems, including the brain. Low-
level lead exposures can impair cognitive function in children. Evi-
dence indicates there is no exposure threshold below which harmful 
effects do not occur. Extensive evidence also shows that past adult 
lead exposure in the work setting increases the likelihood of cognitive 
impairment.43 44 More recently low-level cumulative exposure to lead 
outside of the work setting has been shown to adversely affect cogni-
tive function including visual-spatial/visual-motor function, language, 
processing speed, executive function, verbal memory and learning, 
and visual memory.45 One longitudinal study divided a population  
of elderly men into four groups (quartiles), based on the amount of 
lead found in patella bone. It found each quartile increase in bone 
lead was associated with approximately five years of additional 
cognitive aging as measured by the Mini-Mental Status Exam. This 
suggests that lead has a substantial impact on cognitive aging across 
the population. 46

A variety of mechanisms may contribute to lead neurotoxicity. 
In its various forms, lead can cross the blood-brain barrier, disrupt 
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calcium-dependent enzymes and neurotransmitter metabolism47 
and release, and cause neuronal oxidative stress48 and aggregation 
of amyloid-beta .49 In addition, lead impairs synaptic transmission 
and plasticity,50 oxidative phosphorylation, glucose oxidation, 
and microtubule synthesis,51 among other effects. Lead has also 
been shown to preferentially affect the prefrontal cerebral cortex, 
hippocampus, and cerebellum.52

Another mechanism has recently been proposed whereby 
early-life lead exposure may contribute to late-life neurodegenera-
tion. The mechanism—referred to as Latent Early-Life Associated 
Regulation, or LEARn—is suggested by a series of studies by Basha, 
Zawia, and others in rodents and monkeys. LEARn is an example of 
a more general phenomenon whereby early life conditions predispose 
to adult disease. In this instance, exposing fetal rodents to lead caused 
brief increases during neonatal life in key Alzheimer’s disease–related 
proteins. This was followed by delayed over-expression of these pro-
teins and amyloid-beta in late life—long after early lead exposure had 
ceased. Interestingly, exposure to lead during old age did not cause 
increases in the Alzheimer’s disease–related proteins.

Recently the same delayed, late-life increase in Alzheimer’s 
disease–related proteins was reported in aged monkeys exposed 
in infancy to low levels of environmental lead. In addition, these 
monkeys showed Alzheimer’s (amyloid) plaques in the frontal 
association cortex, an Alzheimer’s disease–related brain region, 
as well as biochemical evidence of epigenetic imprinting.g 53 Taken 
together, these data suggest that early developmental lead exposure 
may lead to increased expression of amyloid precursor protein later 
in life, increasing amyloid-beta production.54 55 While lead’s role as 
a developmental toxicant has been evident for nearly a century, the 
neurodegenerative toxicity of lead in the brainh has only come into 
focus in the past decade or so. Thus, lead may now be considered a 
lifecycle neurotoxicant.

aluminum
Dietary exposure to aluminum salts is nearly universal in the devel-
oped world as they are commonly added to commercially prepared 
foods and beverages. They are sometimes used to clarify drinking 
water, make salt free-pouring, color snack and dessert foods, and 
make baked goods rise.56

g The evidence of epigenetic imprinting included decreased DNA methyltransferase activity 
and higher levels of oxidative damage to DNA.
h It has long been known that lead causes impairment of peripheral nerves, which are  
outside of the brain.
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The possible role of aluminum in Alzheimer’s disease/dementia 
has been debated since 1965 when controversial evidence emerged 
showing that aluminum injections into the brain caused neurofibrillary 
tangle–like pathology. (The relevance of this data to human disease is 
questionable, given the high dose and route of exposure.)

Several studies conducted in recent years have resurrected old 
questions about the potential for aluminum to contribute to neuro-
degenerative disease. One recent small pilot study in rats showed that 
chronic exposure to dietary aluminum at doses within the range of 
the human exposure spectrum was associated with aluminum accu-
mulation in hippocampal neurons.57 A larger follow-up study in rats 
showed a dose-response relationship between dietary aluminum and 
memory loss. 58 The exposure level at which memory loss began to 
increase (0.49 mg aluminum/kg/day) was well within the range of 
human dietary exposure. Though estimates vary, one exposure study 
found that half of Americans ingest 0.34 mg aluminum/kg/day or 
less, 45 percent ingest 0.34–1.36 mg/kg/day, and 5 percent take in 
more than 1.36 mg/kg/day as additives in commercially processed 
foods and beverages.59 A recent analysis of aluminum content of 
foods found that some varieties of baking powder, pancake/waffle 
mixes and frozen products, and ready-to-eat pancakes contained the 
most aluminum of foods tested. The aluminum contained in a single 
serving of some pancakes 60 61 (up to 180 mg of aluminum, or 3 mg/
kg for a 60 kg person), was the equivalent of five times the dose 
associated (when ingested chronically) with older-age memory loss 
in the rat study.i 62 This suggests that consuming the high-aluminum 
varieties of these foods on a daily basis could lead to exposures well 
above the level at which age-associated memory loss was observed in 
the rat study.

In another study, brain specimens from rats chronically 
exposed to high-end human levels of aluminum exposure showed 
microscopic changes commonly regarded as components of plaque 
and tangle formation.j 63 64

A recent laboratory study found that exposure of human neural 
cells to nanomolar concentrations of aluminum induced gene expres-
sion promoting inflammation and cell death, similar to that observed 

i Since the determinants of aluminum absorption are not yet fully understood, it is difficult 
to predict the aluminum exposure from aluminum content of a meal. 
j The brain histopathology of exposed rats included oxidative damage, inhibition of PP2A 
(protein phosphatase 2A) activity, hyperphosphorylated tau, and granulovacuolar degenera-
tion. PP2A is a major phosphate-removing enzyme in the brain which is active against tau 
and neurofilament hyper-phosphorylation. Plaques and tangles per se do not develop in rats.
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in Alzheimer’s disease. k l 65 While this supports a possible role for alu-
minum in Alzheimer’s disease/dementia, the relevance of this laboratory 
observation to real world conditions is not yet established.

Thus, recent evidence reopens a debate and rekindles concerns 
that current dietary exposures to aluminum may increase the risk 
of dementia/Alzheimer’s disease. It should be noted that aluminum 
absorption is complex and influenced by many factors—including 
pH, the molecular state of aluminum, other nutrients in the food, 
and possibly unidentified host factors.66 67 68 Because the quantity of 
aluminum ingested is not by itself a predictor of aluminum absorp-
tion, identifying safe dietary limits is difficult. Nonetheless, the new 
animal data and current dietary levels of aluminum exposure create 
an urgent need for additional research and dietary guidelines. Both 
the European Food Safety Authority and the Joint Food and Agricul-
ture/WHO Expert Committee on Food Additives recently lowered 
their recommended safe upper limit (provisional tolerable weekly 
intake) for aluminum from 7 mg/kg/week to 1 mg/kg/week.69 70  
This new limit is 7 times more protective than the current US  
recommended limit (minimal risk level) of 1 mg/kg/day.71

Iron, Copper, Zinc
Iron, copper, and zinc are biologically essential and are normally 
present in the brain, although their levels are fairly tightly regulated 
through mechanisms that are not well understood.72 73 In addition, iron 
accumulates in the same areas of the brain in which the amyloid-beta 
peptide accumulates.74 When controls fail, these metals can increase 
oxidative stress by catalyzing the production of free radicals directly75 
or by binding amyloid-beta and thus catalyzing the production of free 
radicals.76 While the links among metals, oxidative stress, and amyloid-
beta provide plausible general mechanisms whereby these metals may 
cause neurodegenerative disease, few details are known. In addition, 
few epidemiologic studies have examined the possible contribution 
of biologically essential metals to Alzheimer’s disease/dementia. (See 
chapter 8 for discussion of Parkinson’s disease risk.)

air pollution
While air pollution is often thought of as harmful mainly to the 
lungs, a large body of evidence indicates that the cardiovascular 
system is also vulnerable to the effects of air pollution.77 Emerging 
evidence suggests that air pollution contributes to brain inflammation 

k This study used DNA microarray data.
l Increased expression was observed for: NF-kB subunits, IL-1B precursor, cytosolic phos-
pholipase A2, cyclooxygenase 2, and amyloid precursor protein).
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and the risk of Alzheimer’s-type neurodegenerative 
disease as well.

Air pollution is a complex mixture of gases 
(notably ozone, carbon monoxide, and nitrogen and 
sulfur oxides), metals (e.g., lead, manganese), volatile 
organic compounds from industrial and vehicular 
sources, particulates, and lipopolysaccharide (LPS), 
among other constituents. While many of these 
components have been linked with illnesses, recent 
evidence incriminates particulate matter in a variety 
of diseases in several organ systems.78 Particulates are 

a complex mix of solids and liquids (including organic and elemental 
carbon, nitrates, sulfates, and metals) in various sizes ranging from  
a few nanometers (billionths of a meter) to 10 microns (millionths  
of a meter) in diameter. The major human source of air pollution in 
the modern world is the burning of fossil fuels in motor vehicles and  
by industry.79

Studies demonstrate a variety of cardiovascular effects from 
both short- and long-term exposures to particulates—even at present 
day levels—including reduced oxygen supply to the heart (myocar-
dial ischemia) and heart attacks, heart failure, stroke, arrhythmia 
and sudden death, cardiovascular hospitalization and mortality, and 
venous thrombosis (blood clots).80 81

While the risk to any one person from air pollution at a given 
point in time is small, the pervasive, constant nature of the exposure 
results in profound health impacts on the population as a whole. 
Though the full extent of the consequences of air pollution are still 
uncertain, known adverse impacts on health already place the par-
ticulate component alone as the thirteenth leading cause of global 
mortality, causing approximately 800,000 deaths per year.82

A growing body of evidence has begun to link air pollution 
with neurodegenerative disease. This evidence includes human and 
animal studies that combine histopathology, neuroimaging, cognitive 
testing, and limited epidemiology. Much of this evidence is drawn 
from recent postmortem studies comparing brain tissue from lifelong 
residents of cities with severe air pollution with brain tissue from 
lifelong residents of low-air-pollution cities. (All of the individuals in 
the studies had been free of neurologic disease or symptoms before 
death, and had died sudden, non-neurologic deaths.) These studies 
showed evidence of inflammation and Alzheimer’s type brain tissue 
pathology in the residents of polluted-air cities, compared to the resi-
dents of relatively clean-air cities. The pathology included numerous 
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inflammatory markers,m accumulation of amyloid-betan (one of the 
key protein markers of Alzheimer’s disease), inflammatory activation 
of endothelium (the cells lining the inside of blood vessels), oxidative 
stress, and inflammatory cells.83 84

Particulate matter has been seen in red blood cells (erythrocytes)  
in blood vessels within the braino 85 (and other organs), and in 
inflammatory cells within brain tissue surrounding the blood vessels.86 
The studies also showed disruption of the blood-brain barrier in resi-
dents of polluted-air cities, potentially allowing inflammatory media-
tors and ultrafine air pollution particles access to the brain from the 
bloodstream.p In addition, ultrafine pollution particles were identified 
in olfactory bulb neurons, a potential conduit for selected toxicants 
to travel from the nose to the brainq without the interference of the 
blood-brain barrier.87 Whether particulate matter or other toxicants 
can actually move from the olfactory bulb to other areas of the brain 
in humans is not yet known. 88 89 90 This question is of particular 
interest because some olfactory pathways lead to areas of the brain 
that are key to learning and memory (including the entorhinal cortex 
and the amygdala).91

Ultrafine particles that penetrate deeply into the lungs initi-
ate an inflammatory response and may be absorbed directly into the 
circulating blood.r 92 Similarly, particle deposition in the nose causes 
inflammation and disruption of the olfactory barrier—potentially 
facilitating the transport of toxicants into the olfactory bulb.

Amyloid-beta was seen in 100 percent of young carriers of the 
ApoE4 gene (genotype ApoE4/3) from highly polluted areas, com-
pared with 58.8 percent of ApoE3/3 subjects.s 93 This suggests that 
people carrying ApoE4 may be more susceptible to inflammatory 
neurodegeneration associated with air pollution. Alpha-synuclein, a 

m Inflammatory markers included increased COX2 expression, IL-1B, and CD14.
n Amyloid-beta accumulation was documented in the frontal cortex, hippocampus  
and/or olfactory bulb.
o Inflammatory mediators—such as TNF-alpha or IL-1B—in the blood or endothelium can 
be transmitted across the blood-brain barrier into the brain. 
p Ultrafine particulates are <100 nm in diameter. Only these very tiny particulates are small 
enough to pass from the lung into the bloodstream, and from there to potentially cross the 
blood-brain barrier.
q The olfactory pathway provides access in particular to areas of the brain that are critical 
for learning and memory.
r Particulate air pollution is highly inflammatory at the level of the lung and brain due to 
several inflammatory components. These components include bacterial lipopolysaccharide, 
known to stimulate the innate immune response (via toll-like receptors, as discussed in chapter 
6). Particulate air pollution also contains combustion-derived heavy metals such as nickel and 
vanadium, which can also provoke inflammatory responses.
s Two-thirds of non-ApoE4 subjects from Mexico City showed amyloid-beta staining,  
compared to none of the non-ApoE4 subjects from non-air polluted cities.
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pathological marker of Parkinson’s disease, 
was also seen at a relatively high rate (23.5 
percent) in young subjects from polluted 
cities. (See chapter 8.)

The authors concluded that expo-
sure to air pollution is associated with neu-
roinflammation, an altered innate immune 
response in the brain, and accumulation of 
amyloid-beta as well as alpha-synuclein start-
ing in childhood. They suggest that exposure 
to air pollution should be considered a risk 
factor for Alzheimer’s and Parkinson’s dis-
eases. They also note that the ApoE4 gene 
may increase the risk of developing Alzheim-
er’s disease in an air-polluted environment.94

In a separate study, children from 
highly polluted Mexico City, compared 
with controls from a low-pollution city, 
showed a high incidence of cognitive 
deficits on psychometric testing as well as 
brain abnormalities in the prefrontal region 

on MRI.t Similar MRI lesions were found in dogs from highly pol-
luted areas. The lesions were associated on postmortem exam with 
neuroinflammation, ultrafine particulate matter deposition, and glio-
sis (proliferation of astrocytes, indicating neuronal injury).95 u This 
suggests that brain inflammation linked with air pollution begins 
at an early age and is associated with early cognitive impairment. It 
should be noted that these studies do not tell us which air pollutants 
are responsible for the observed effects.

Animal studies with allergic96 v or genetically vulnerable97 w mice 
have demonstrated increased brain inflammation following short-term 
exposure to concentrated air particulates.x Each of these conditions 
facilitates the breakdown of respiratory epithelium by air particulates 
or other pollutants. When this barrier is disrupted, inflammatory 
mediators and particulate matter can more easily pass through to the 
systemic circulation, thereby facilitating access to the brain.98

Inside the brain, inflammatory cytokines activate microglia, 
a potent agent of neurodegeneration.99 Elevated cytokines have also 

t The MRI abnormalities were white matter hyperintense lesions.
u These abnormalities were also associated with subcortical vascular pathology.
v Allergic airway sensitivity in this model was induced by sensitizing the mice to inhaled ovalbumin.
w Mice that are genetically modified to lose their ApoE gene (so-called ApoE knockouts) 
have increased oxidative stress.
x The exposure took place for two to five weeks, lasting 15-20 hours/week.

From the Smoke Stack to Your Brain
Air Pollution is Linked to Brain Inflammation 
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(PM=particulate matter)



E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g  p a g e  1 0 9

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

been found to increase the expression of an enzyme (COX2) in the 
capillary lining (endothelium) of the brain, which produces the highly 
inflammatory prostaglandin, PGE2. Recent evidence links PGE2 with 
stimulation of amyloid-beta production, providing another possible 
mechanism that may connect inflammatory particulate air pollution 
with Alzheimer’s disease.y 100 101 102

Since PGE2 is derived from omega-6 fatty acids, the relatively 
high omega-6 fatty acid content of the Western diet (along with the 
low omega-3 content) may intensify PGE2 production, increasing 
amyloid-beta formation and the risk of Alzheimer’s disease. The 
influence of omega-3 and omega-6 fatty acids in neurodegenerative 
disease is discussed further in the nutrition section below.

This evidence is consistent with the established link between 
air particulates and inflammatory injury to the lung, nose, blood 
vessels, and heart. These studies suggest that air pollution causes 
inflammation in the brainz and is likely to be contributing to the high 
prevalence of neurodegenerative diseases in the modern world

pCBs and persistent Organic pollutants
PCBs are industrial chemicals that were used for many years in a 
variety of applications, including as paint additives, lubricants, and 
insulators in electrical equipment. They were banned from production 
in 1977 in the US because of evidence that they could cause cancer. 
Subsequently, PCBs were found to interfere with normal brain devel-
opment and thyroid hormone function.103 PCBs continue to contami-
nate the general environment because they are persistent and not easily 
broken down. Since they are fat soluble and bioaccumulative, they also 
contaminate the general food supply though levels have been falling. 
Biomonitoring data from the Centers for Disease Control show that 
human PCB levels in the general population have also been falling 
since the ban, though they remain a contaminant of concern.

While there is extensive epidemiology demonstrating the toxicity  
of PCBs on the developing brain, to our knowledge only three published  
epidemiologic studies have explored the effects of PCBs on cognitive  
decline/dementia in older subjects. These studies looked at PCB 
exposure in three different settings—an oil contamination/poisoning 
incident (Yucheng), environmental exposure through fish consumption, 
and a group of occupationally exposed workers. Each study demonstrated 

y PGE2 stimulates amyloid-beta by increasing expression of gamma secretase, one of the 
enzymes involved in producing amyloid-beta .
z Particulates and/or inflammation are noted in blood vessels as well as the tissue of  
the brain.
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an association of adult PCB exposure with dementia/cognitive impair-
ment. While PCB exposures in the oil contamination and occupational 
studies were relatively high, the exposures in the fish consumption 
study are closer to those in the general population.

One of these studies tested cognitive abilities in older adults 
who had been exposed to cooking oil contaminated with PCBs and 
PCDFs (another persistent organic pollutant) more than 20 years 
earlier. The study found, among women, significant dose-dependent 
reductions in attention and memory functions.aa 104 Another of these 
studies found older subjects who regularly consumed Great Lakes fish  
had impairments in memory and learning compared to controls.ab 105 
While each of these studies included additional contaminants, the 
contaminants were different in the two studies and the findings for 
PCBs were comparable. The third investigation, a retrospective study 
of over 17,000 PCB-exposed workers showed an excess of dementia 
mortality among women most highly exposed.106 ac These studies are 
consistent with prior research showing deficits in memory and learning 
in children exposed to PCBs before birth or in infancy.ad Animal studies 
as well have shown that exposure to various forms of PCBs reduced 
learning ability and spatial discrimination among other cognitive  
impairments.107-109 The epidemiological studies described are limited  
by their case-control design. Since they are not longitudinal, prospective  
studies, they cannot establish when the cognitive decline occurred.

Several epidemiologic and laboratory (in vitro) studies have linked 
exposure to PCBs as well as other persistent organic pollutants to inflam-
mation, diabetes,110 111 and metabolic syndrome.112 Low-dose PCBs have 
also been linked to atherosclerosis113 and obesity.114 Since these diseases 
are themselves risk factors for dementia/cognitive decline, PCB effects on 
cognitive decline/dementia might be mediated in part through these risk 
factors, as well as through direct PCB effects on the brain. These studies 
also provide further evidence that environmental chemicals can increase 
the risk of other diseases in the Western disease cluster.

The mechanisms whereby PCBs may cause neurodegeneration 
are not well understood.115 Some kinds of PCBs interact with the 
aryl hydrocarbon receptor (AhR), activating a family of enzymes 
(cytochrome P450 1A1 subfamily) that lead to oxidative stress and 

aa The study was a retrospective cohort investigation involving 162 subjects 60 years of age or 
older who had been exposed in the Taiwan oil contamination epidemic of 1979. 
ab The cohort study included 101 consumers of Lake Michigan fish, ages 49-86 years of age. 
ac Standardized mortality ratio = 2.04. PCB exposure in this study was estimated by history.
ad Other developmental effects of PCBs in children include impaired attention and IQ and 
hyperactivity. (See In Harm’s Way: Toxic Threats to Child Development p.78) 
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free-radical production.116 Various PCBs have also been linked to 
inflammatory activation of endothelial cells (a process linked to 
atherosclerosis),117 and to the impairment of long-chain fatty acid 
synthesis.ae 118 Since inadequate levels of long-chain fatty acids are 
implicated in dementia and cognitive decline (see the nutrition section 
below), the inhibition of long-chain fatty acid synthesis by PCBs may 
provide another plausible mechanism by which PCBs may promote 
cognitive decline/dementia. PCBs also affect the function of thyroid 
hormone, which is implicated in cognitive impairment as well.119 120

pesticides
Pesticides are used extensively in the United States and throughout 
the world. The licensing of over 18,000 American pesticide products 
and the application of over two billion pounds of pesticides per year 
to crops, homes, schools, parks, and forests creates the potential for 
pervasive human exposures.121 122

Many pesticides exert their killing effects through neurotoxic 
mechanisms. Historically, most attention was focused on acute 
effects to humans from relatively large exposures, but in recent 
years neurological effects from chronic, low-level exposures have 
been more widely studied in laboratory animals, people who apply 
pesticides, and the general public. Toxicologists and epidemiologists 
have been particularly interested in the neurodevelopmental 
impacts of the organophosphate family of insecticides because of 
their widespread use and resulting human exposures.123 Animal 
and epidemiologic studies of the neurodevelopmental impacts of 
organochlorines, carbamates, and pyrethroids are less extensive.

Acute high-dose effects of organophosphates include head-
ache, dizziness, nausea, vomiting, papillary constriction, sweating, 
tearing, and salivation. Severe poisoning may progress to seizures, 
arrhythmias, coma, and death. Many studies (reviewed in Kamel and 
Hoppin124 and others125) have documented chronic, lingering symp-
toms following acute high-dose organophosphate exposure, includ-
ing cognitive and psychomotor impairment, motor dysfunction, and 
reduced vibration sensitivity.126 127 128

Though studies are not fully consistent, a growing body of 
evidence demonstrates neurologic impacts at lower levels of chronic 
exposure to neurotoxic pesticides in adults as well, primarily in the 

ae Fatty acid metabolism is thought to be impaired due to PCB inhibition of the delta 5 and 
6 desaturase enzymes, preventing the elongation of fatty acids. 
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occupational setting.af 129 These impacts include neurobehavioral perfor-
mance impairments and sensory, motor, and nerve dysfunction. As noted 
in Kamel and Hoppin, most (though not all130 131) studies examining 
cognitive and psychomotor function have documented chronic impair-
ments in association with long-term, lower-dose occupational pesticide 
exposure. 132 133 134 Cognitive domains that are affected include memory, 
attention, visual-spatial processing, pattern memory, and others. Most of 
these were studies of organophosphate exposures, though a few exam-
ined the organochlorine DDT and fungicides. For example, chronic low-
level exposure to fungicides among French vineyard workers increased 
the risk of poor performance on tests of selective attention and working 
memory by a factor of 3.5. Tests of associative memory, verbal fluency, 
and abstraction were similarly impaired.135

Several studies have also found an increased risk for Alzheim-
er’s disease or dementia in association with occupational pesticide 
exposure.136 A six-year prospective study of 1,507 elderly people in 
France found that a history of occupational exposure to pesticides 
increased the risk of developing Alzheimer’s disease by a factor of 
2.39. An increased risk was not seen in agricultural occupations 
more generally.137 Another five-year longitudinal, population-based 
study in Manitoba found that a history of occupational exposure to 
fumigants/defoliants was associated with a 4.35-fold increased risk of 
Alzheimer’s disease.138 Several studies have also failed to find associa-
tions of pesticide exposure with Alzheimer’s disease.139 140

Very few studies have looked for chronic cognitive effects of 
pesticide exposure in adults outside of the occupational setting. One of 
these studies conducted in the Netherlands found that gardeners (as well 
as farmers) had an increased risk of having mild cognitive dysfunction 
at the outset of the study, as well as an increased risk of developing mild 
cognitive dysfunction over the three-year course of the study.141 Another 
study looking for an association of non-occupational exposure to pes-
ticides (based in part on records of herbicide and insecticide spraying 
and areas of residence) failed to find a link.142  The authors of this study 
noted several methodologic problems – including the use of retrospective 
exposure assessment and proxy respondents – that might have reduced 
the ability of the study to recognize an association if it did exist.

af Several issues in research methods contribute to the difficulty demonstrating the cognitive 
effects of pesticides at lower exposure levels. Notably, accurate prior exposure is especially 
difficult to determine in the absence of good biomarkers of cumulative exposure for most 
pesticides. Instead, exposure is generally assessed by history or occupational category. Since 
such methods typically provide imprecise estimates of exposure, the findings of such studies 
tend to under-recognize neurotoxic (and other) associations with low level pesticide expo-
sure, (Type II error). This under-recognition of actual associations, it should be noted, does 
not undermine the validity of any associations that are observed. (Kamel and Hoppin 2004) 
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In summary, many but not all studies find that acute high-dose 
and chronic lower-dose occupational exposures to some neurotoxic 
pesticides are linked to an increased risk of cognitive decline, dementia 
or Alzheimer’s disease. Data on the effects of chronic non-occupational 
exposure are too sparse to allow any conclusions. Research attempt-
ing to link chronic non-occupational pesticide exposures and cognitive 
impairment is especially hampered by the difficulty of distinguishing 
exposed from unexposed subjects (due in part to the lack of long-term 
exposure biomarkers). This difficulty leads to exposure misclassifica-
tion, which makes associations with low-dose exposure very hard to 
identify even if they do exist.

Links to Western Disease Cluster and 
Inflammatory Markers

Substantial epidemiologic evidence suggests that diseases that 
co-occur in the Western disease cluster are also risk factors 
for Alzheimer’s disease/dementia and cognitive decline. The 

evidence is strongest for diabetes but is also substantial for midlife 
hypertension, obesity and elevated total cholesterol. 

While each of these diseases is linked to Alzheimer’s disease/
dementia through multiple mechanisms, inflammatory disruption of 
insulin signaling provides an emerging common denominator and serves 
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as a framework as shown in the figure below. (Also see chapter 6 sec-
tions on the Insulin and Toll-Like Receptors cascades.) The backbone 
of this framework consists of inflammatory signaling—triggered by a 
variety of environmental factors and gene-environment interactions—
and the resulting disruption of insulin signaling. Disrupted insulin 
signaling in turn causes the metabolic and vascular consequences of 
diabetes: hyperglycemia (elevated blood sugar), hyperlipidemia (elevated 
blood lipids), and vascular disease. Since inflammation—and the associ-
ated oxidative stress—can be transmitted across the blood-brain bar-
rier, systemic inflammation/oxidative stress is also associated with brain 
inflammation/oxidative stress. These in turn are important drivers of 
neurodegeneration. Inflammatory disruption of insulin signaling in the 
brain may contribute to abnormalities that are commonly observed in 
Alzheimer’s disease, namely impairments in glucose metabolism and the 
synthesis of acetylcholine (a neurotransmitter whose production requires 
byproducts of glucose metabolism). Thus the Western disease cluster 
and Alzheimer’s disease/dementia can be seen in part as consequences of 
inflammation and the associated disruption of insulin signaling.

Though not all studies are consistent,ag an extensive and 
growing body of epidemiologic literature suggests the association 
of the Western chronic disease cluster illnesses with increased risks 
for Alzheimer’s disease/cognitive decline. One illustrative study 
(following over 1,400 middle-aged subjects for more than 20 years 
on average) found that midlife obesity, high total cholesterol, and 
elevated systolic blood pressure were all significant risk factors for 
dementia, each increasing the risk by approximately two-fold. The 
study also found the risks were additive, increasing the risk for 
dementia 6.2-fold when all factors were present.143 Below we focus 
on studies examining diabetes/hyperglycemia, obesity, metabolic 
syndrome, and increased inflammatory markers as risk factors for 
Alzheimer’s disease/cognitive decline.

Diabetes/hyperglycemia
Several large prospective cohort studies found that diabetes was  
associated with a greater risk of developing cognitive decline and 
dementia. A review of these studies estimated that diabetes increased 
the risk of Alzheimer’s disease by 50–100 percent and of vascular 
dementia by 100–150 percent.144 145 Interestingly, a four-year pro-
spective study of older women found the adjusted risk of developing 
cognitive impairment is increased not only among diabetics (1.79-fold), 
but also among those with minimally impaired glucose tolerance, 

ag See below for specific examples.
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defined as fasting glucose greater than 110 mg/dL 
(1.64-fold).146 Similarly, a large 10-year prospective 
study of nondiabetic women found that elevated 
fasting insulin levels also predicted faster decline in 
scores of verbal memory ability and cognition.ah 147 
Higher C-peptide levels, (indicating increased insulin 
secretion, which is characteristic of insulin resistance 
and type II diabetes), were also found to be predic-
tive of cognitive decline in older women without 
diabetes in the Nurses Health Study.148 This evidence 
of a link between hyper insulinemia and accelerated 
cognitive decline supports the hypothesis that insulin resistance  
(associated with inflammation and hyperinsulinemia) is an important 
contributing cause of cognitive decline and Alzheimer’s disease. 
Other mechanisms by which diabetes/hyperglycemia may increase 
the risk for Alzheimer’s disease/cognitive decline include neuronal 
damage from increased oxidative stress and advanced glycation 
end products (amino-sugar compounds that are increased in hyper-
glycemia and contribute to oxidative stress); reduced acetylcholine 
production resulting from reduced glucose availability;149 and insulin 
effects on amyloid-beta metabolism and vascular disease.150

Several studies have reported an interaction between diabetes 
and ApoE4 that increases the risk of developing Alzheimer’s disease. 
One of these studies reported the risk of Alzheimer’s disease increased 
by a factor of 4.58 among diabetics carrying the ApoE4 gene.151 152

Obesity
Numerous large prospective epidemiological studies have found 
midlife obesity to be associated with greater risk of dementia in later 
life153-158 (though not all studies are consistent159 160). For example, a 
27-year prospective study of over 10,000 men and women in the 
Kaiser Permanente Medical Group found that people who were 
obese in midlife had a 74 percent increased risk of dementia later in 
life, while overweight people had a 35 percent increased risk.161 At 
least three studies have found an association between increased body 
mass index (BMI) and cognitive impairment or decline.162 163 For 
example, in a study of more than 2,200 healthy workers 32–62 years 
of age, higher BMI was associated with both lower cognitive scores 
at baseline and greater five-year cognitive decline.164 Another cross-
sectional study in adults 54–81 years old found the combination of 

ah Cognitive status was determined by the Telephone Interview for Cognitive Status.
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greater waist circumference (or BMI) and higher blood pressure  
was associated with reduced executive function, manual dexterity, 
and motor speed. 165

Providing further support for the view that midlife obesity 
increases risks for cognitive decline, three recent imaging studies 
showed obesity in middle-aged and older adults was associated with  
a number of abnormalities in brain structure. Those abnormalities  
included reduced hippocampal166 and total brain volumes,167 increased 
white-matter hyperintensities168 (areas of increased signal intensity 
on MRI exams, thought to reflect small-vessel vascular disease),169 
and temporal lobe atrophy.170. Another imaging study found reduced 
levels of markers of neuron viability (n-acetylaspartate) and membrane 
metabolism (choline metabolites) in middle-aged subjects with increased 
BMI. These abnormalities were particularly evident in the frontal 
lobe, an area of the brain especially prone to damage during aging. 
These findings underscore concerns that obesity may contribute to 
abnormalities in brain structure and function in midlife, laying the 
groundwork for cognitive decline or dementia in later life.171

Metabolic Syndrome, Inflammation, and Oxidative Stress
Several172-175 but not all176 studies have found metabolic syndrome to be 
a risk factor for developing Alzheimer’s disease/cognitive decline. One of 
these found metabolic syndrome a significant risk factor specifically in 
the presence of increased inflammatory markers.177

An increase in one or more inflammatory markers is itself a 
risk factor for cognitive decline/dementia. Fully ten out of eleven large 
population-based prospective studies have shown positive associations 
between inflammatory marker elevations and subsequent cognitive 
decline or dementia/Alzheimer’s disease.178-187 While different studies 
have found different markers to be associated with increased risk,ai the 
consistent finding of an increase in one proinflammatory marker or  
another across different populations is notable. The one prospective 
study that did not find an association used a less sensitive outcome 
measure (a one-time measure of cognitive function rather than decline 
across two or more points in timeaj). This may have reduced the ability  
of the study to detect an effect if present.188 ak The association of 
increased inflammatory markers with cognitive decline/dementia is 

ai The different markers found to be associated with cognitive decline/dementia may reflect both 
differences in study characteristics (experimental design and measurement techniques) as well 
as potential differences in the populations studied (including different risk factors, nutritional 
profiles, toxicant exposures, and other poorly identified modifiers of inflammatory response).
aj Cognitive function is a one-time measure and does not account for baseline cognitive ability.
ak The study is ongoing and a report on the relation between CRP and cognitive  
decline is anticipated in the future. 
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supported by the very large body of evidence pointing to inflammation 
as key in the pathogenesis of dementia. This includes histopathology, 
epidemiology, gene polymorphism studies, and links between inflamma-
tory cytokines and microglial activation and amyloid-beta processing. 
(See chapter 6.)

While epidemiologic studies have not (to our knowledge) 
examined the role of oxidative stress in the development of Alzheimer’s 
disease/cognitive decline, an interesting recent study did look at oxidative  
stress—as indicated by oxidized LDL-cholesterol levels—as a 
predictor of metabolic syndrome. It followed over 1,800 middle-
aged adults for five years and found that oxidized LDL (determined 
at the outset of the study) predicted the development of metabolic 
syndrome in a dose-response fashion, with the highest quintile having 
a 3.5-fold increased risk of metabolic syndrome relative to the lowest 
quintile. Oxidized LDL also predicted the development of abdominal 
obesity, elevated fasting glucose, and high triglycerides.al 189

Social, Mental, and physical activity

A substantial body of evidence indicates that social, mental, 
and physical activity are inversely associated with the risks 
of Alzheimer’s disease/dementia and cognitive decline. This 

includes long-term human observation and controlled animal studies. 
The animal studies provide important corroborating evidence for the 
human observational studies, which are subject to certain difficulties 
that we will explain.

A body of relevant animal research literature has emerged in 
the area of “environmental enrichment.” This research demonstrates 
the relationship of cognitive performance—as measured, for exam-
ple, by performance on the Morris water maze, a test of memory—to 
variations in the cage environment. The cage environment is varied 
by changing the number of objects available for exploration or the 
number of animals in the cage. Two important and consistent find-
ings have emerged from this literature. First, and not surprisingly, 
rodents learn and remember better in an enriched environment. 
Second, neurogenesis (the creation of new nerve cells) is increased 
in an enriched environment, specifically in the hippocampus. One of 
the mechanisms reported to account for this remarkable finding is 
increased synaptic and dendritic growth. Other preliminary, as yet 

al Being in the highest (vs. lowest) quintile for oxidized LDL increased the risk of having 
abdominal obesity, elevated fasting glucose, high triglycerides, and metabolic syndrome by  
a factor of approximately 2.3.
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unreplicated findings include increases in brain-derived nerve growth 
factor and alterations in amyloid-beta levels.190 191 192

Human studies show analogous findings in the areas of social, 
physical, and mental activity. A recent review of 15 longitudinal 
studies found an increased risk of cognitive decline with reduced 
social networks (5 of 7 studies) and physical inactivity (6 of 7 stud-
ies). Increased dementia risk was also found in relation to reduced 
social networks (6 of 7 studies). While all studies were assessed as 
methodologically sound, the possibility that reduced social, mental, 
and physical activity is itself an expression, rather than a cause, of 
early dementia cannot be excluded.am 193 194 Thus, animal studies 
showing the benefits of environmental enrichment provide important 
corroborating evidence. Specific findings of human studies include 
the following:

 Substantial reductions were seen in the rate of cognitive decline •
among subjects with extensive social networks and social engage-
ment, in a group of over 6,000 African-American and Cauca-
sian elders followed for over five years.195 (The rate of cognitive 
decline was reduced 39% in subjects with high social network 
ratings, and 91% in those with high social engagement ratings.)

 Engaging in leisure time physical activity at least twice a week in •
midlife was associated with a greater than 50 percent reduction 
in risk of dementia/Alzheimer’s disease. This group was followed 
for more than 20 years.196

 Cognitive inactivity was associated with a 2.6-fold increased risk •
of developing Alzheimer’s disease, a higher incidence of mild cog-
nitive impairment, and more rapid decline in cognitive function 
in a group of more than 700 elders followed for up to 5 years.197

A growing number of studies have begun to clarify one 
mechanism in particular that may account for much of the pervasive 
benefits of exercise—for cognitive function as well as for cardiovas-
cular disease, diabetes, and other components of the Western dis-
ease complex. In brief, these studies suggest that exercise transiently 
increases reactive oxygen species (free radicals), and then strongly 
up-regulates antioxidant capacity. The net effect is that people who 
exercise regularly have reduced ongoing levels of oxidative stress and 
inflammatory burden.198-200

am The technical term for this problem is reverse causation. 
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psychosocial Stress

Social, mental, and physical activity also help moderate the 
effects of psychosocial stress—broadly defined as a variety of 
states associated with distress, namely depression, anxiety, social 

isolation, chronic life stress, personality traits, and other individual 
or community characteristics.201 Psychosocial stress is well estab-
lished as a risk factor in cardiovascular disease. While the role of 
psychosocial stress in dementia/cognitive decline is complex and 
incompletely understood, a growing body of evidence suggests an 
emerging key role in the development of dementia/cognitive decline.

Though relatively few epidemiologic studies have looked at 
the role of stress in neurodegenerative disease, the studies that do 
exist suggest that psychosocial stress has an important influence in 
the development of cognitive decline and dementia. Numerous stud-
ies suggest that depression is a risk factor for later development of 
Alzheimer’s disease.202 203 Though some studies suggest depression is 
a very early (prodromal) symptom of Alzheimer’s disease rather than 
a risk factor for the illness,204 205 a recent meta-analysis of 20 studies 
found that a history of depression approximately doubled the risk 
for the later development of Alzheimer’s disease.an 206 Similarly, recent 
prospective cohort studies found the tendency to experience psycho-
logical distress was associated with  a tenfold increased risk in epi-
sodic memory declineao 207 and a 2.7-fold increased risk of developing 
Alzheimer’s disease.208 An anatomic basis for the association of stress 
and Alzheimer’s disease/cognitive decline is suggested by observations 
that major depression and post-traumatic stress disorder are associ-
ated with smaller hippocampal volume,209 210 though not all studies 
are consistent.211

A substantial body of work describes multiple mechanisms link-
ing stress with increased risk of Alzheimer’s disease/cognitive decline. 
One key mechanism is provided in the hypothalamic-pituitary-adrenal 
(HPA) axis—or “stress circuit.”ap This axis links depression, anxiety, 
or other stressors with a cascade of events involving the hypothalamus 
and pituitary in the brain (which increase corticotropin-releasing hor-
mone [CRH] and adrenocorticotropin [ACTH], respectively) and the 
adrenal glands (which increase cortisol, epinephrine, and norepineph-
rine). These hormones increase blood pressure, heart rate, and blood 

an The odds ratio was 1.9 in cohort studies, and 2.03 in case control studies.)
ao The 90th and 10th percentiles for being distress-prone were compared. 
ap The HPA Axis hypothesis was developed by Drs. George Chrousos, Chief of Pediatric and 
Reproductive Endocrinoology at the National Institute of Child Health and Human Develop-
ment, and Philip Gold of the Clinical Neuroendocrinology Branch at the National Institute 
of Mental Health. The theory is based on a large body of observational and laboratory data 
involving people and animals.
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sugar, among other effects. In addition, the sympathetic nervous system 
and a variety of other basic functions—including the immune and 
reproductive systems, growth, and gastrointestinal tract—are affected. 
Normally cortisol acts through a negative feedback loop to reduce 
CRH production, shutting down the stress activation after the threat 
has passed. In the presence of chronic stress, however, these hormones 
and systems are continually activated, contributing to risks for high 
blood pressure, elevated blood lipids, atherosclerosis, impaired growth 
in children, and reproductive dysfunction, among other effects.212

A variety of studies support a link between the HPA axis and 
Alzheimer’s disease/cognitive decline. Animal213 and/or human stud-
ies214 have shown stressful experience or depression was associated 
with increased levels of adrenal corticosteroids, and that these hor-
mones can damage the hippocampus (which has a high concentra-
tion of corticosteroid receptors215) and worsen damage from other 
neurological insults.216 Some studies suggest that elevated blood 
cortisol levels are related to clinical progression of dementia/cognitive 
impairment.217 218 Further, stressful experience and depression them-
selves may be associated with structural changes in the hippocampus 
and impaired forms of learning and memory.219 Providing additional 
support, recent studies in an Alzheimer’s mouse model showed that 
isolation stress over three months increased amyloid-beta levels in 
brain interstitial fluid by 84 percent. Acute restraint stress increased 
amyloid-beta levels within hours, an effect that was mediated by 
CRH.220 Isolation stress in this model has also been associated with 
impairment in memory function, decreased neurogenesis, and greater 
amyloid-beta deposition.221

Endothelial dysfunction provides another mechanism link-
ing psychosocial stress with cardiovascular disease in animals and 
humans. 222 223 Since vascular disease associated with endothelial 
dysfunction increases risks for dementia, the linkage of psychosocial 
stress to endothelial dysfunction may also contribute to cognitive 
decline/dementia.

Psychosocial stress has also been linked with elevated 
cytokine production. Several studies in people show that chronic 
stress increases age-related proinflammatory cytokine production.224 
One of these showed that the rise in IL-6 cytokine levels over a 
six-year period was four times greater in a group of 119 stressed 
spouses caring for partners with Alzheimer’s disease than in non-
stressed controls.225 Another cross-sectional study of 43 older adults 
showed a similar relationship of higher cytokine levels in associa-
tion with greater depressive symptoms.226 Interestingly, higher ratios 
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of omega-6:omega-3 fatty acids in the blood increased the associa-
tion of depression with cytokine levels in this study. In other words, 
the combined effect of depressive symptoms and higher omega-
6:omega-3 ratios increased proinflammatory cytokine production 
beyond the effect of either variable alone.aq A similar pro-inflamma-
tory effect of higher omega-6:omega-3 ratios was seen in the effects 
of exam stress on cytokine production (in stimulated blood speci-
mens) in a group of 27 university students.227 These and other studies 
underscore concerns about the potential aggravating role that high 
omega-6:omega-3 ratios in the American diet may play in promoting 
proinflammatory cytokine elevations in high-stress conditions.

Animal data also support the link between psychosocial stress 
and elevated cytokine production. Rats, for example, exposed to tail-
shock stress prior to injection with LPS produced more proinflamma-
tory cytokines, or produced them more rapidly, than did unstressed 
rats.228 Studies in stressed mice and in cell culture identified nora-
drenalin (also known as norepinephrine) as the factor activating—in a 
dose- and time-dependent fashion—NFkB expression. This identifies 
a specific pathway by which stress (via sympathetic nervous system 
and HPA axis activation) may promote mononuclear cell activation—
contributing to the development of cardiovascular and other chronic 
inflammatory diseases.229

Although studies have not yet—to our knowledge—examined 
the role of stress-induced cytokine elevations in the development of 
dementia/cognitive decline, a substantial body of prospective studies 
shows a consistent association of elevated cytokines with subsequent 
dementia/cognitive decline. (See “Metabolic Syndrome, Inflamma-
tion, and Oxidative Stress” above.)

Very few long term clinical studies have examined the potential  
effects of stress reduction on chronic diseases. One three-year ran-
domized controlled clinical trial showed impressive benefits of stress  
management on important markers of cardiovascular risk in subjects  
with established ischemic heart disease. In addition to showing reduced  
depression and distress, subjects randomly selected to practice stress 
reduction had reduced ischemia and improved cardiac function during  
mental-stress testing, improved endothelial function (as measured by 
flow-mediated dilation) and enhanced autonomic activity (as indicated 
by improved heart rate variability and baroreflex sensitivity).230 ar 
Relaxation techniques have also been shown to reduce blood 

aq Together these two factors accounted for accounted for 18% of the IL-6 and 40% of the 
TNF-aα variance.
ar The stress management program consisted of 1.5 hours per week of instruction in stress 
management skills, muscle relaxation, and imagery techniques for 16 weeks.
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pressure by 5–10 mm in some subjects.231 In addition, numerous 
uncontrolled, non-randomized, short term pilot studies suggest that a 
variety of stress reduction techniques (yoga, mediation, mindfulness 
based stress reduction) may be beneficial, and merit further investiga-
tion. These studies found improvements in various cardiovascular, 
immune, endocrine, autonomic and psychometric indicators after 
short term use of stress reduction techniques. Two large randomized 
trials did not find a benefit of stress management on cardiac morbid-
ity and mortality. This may be due to the fact that the stress manage-
ment did not reduce emotional distress.232 233

In summary, psychosocial stress, an established risk factor 
for cardiovascular disease, is increasingly linked to cognitive decline/
dementia. Chronic activation of the HPA axis, or stress circuit, 
appears to play a key role in mediating this risk, and is associated 
with hippocampal damage, elevated amyloid beta levels and dementia. 
Stress and HPA activation are also associated with increased cytokine 
production, which in turn has been associated with cognitive decline/
dementia in a large body of studies. Clinical intervention studies 
are difficult to design and conduct, and few long term randomized 
controlled trials have been done to examine the effects of stress 
reduction on chronic illnesses of the Western disease complex. None 
the less, one three-year randomized controlled trial showed impressive 
benefits of stress management on important markers of cardiovascular 
risk in subjects with established ischemic heart disease.

Socioeconomic Status and education

The relationship between socioeconomic status and dementia risk 
is complex and data are somewhat inconsistent. Difficulties arise 
because lower socioeconomic status is often associated with 

poor nutrition, lifetime exposures to environmental pollutants, less 
education, stress, and sometimes unhealthy behaviors. Most, but not 
all, studies show that less education is associated with an increased 
risk of dementia/Alzheimer’s disease. One study shows that the 
higher risk of dementia associated with less education is independent 
of unhealthy lifestyle factors, such as smoking.234 When education 
and socioeconomic status are each evaluated, less education seems 
to be the more important determinant of risk.235 The combination 
of low socioeconomic status and elementary school–only education 
increased the risk of Alzheimer’s disease threefold compared to 
people with high socioeconomic status and higher education. Some 
data also show that clinical symptoms of dementia appear earlier 
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in people of lower socioeconomic 
status when compared to people 
of higher socioeconomic status, 
including those with more objective 
evidence of brain volume loss and 
pathology on imaging.236 These find-
ings suggest that the combination 
of lower socioeconomic status and 
less education is a combination that 
may accelerate the onset of demen-
tia/Alzheimer’s disease and that 
increased brain reserve, associated 
with more education, may be some-
what protective.

Nutritional Factors

The critical importance of dietary 
factors is now recognized in the 
prevention and treatment of dia-

betes (particularly type II) and cardio- 
vascular disease. 237 238 Similarly, 
dietary factors are emerging as criti-
cal factors in cognitive function and 
brain aging. 239-241 Not unexpect-
edly, the dietary factors that reduce 
risks of diabetes and cardiovascular 
disease likewise likewise appear to 
reduce risks for cognitive decline/
dementia.242 While many studies have 
focused on single nutrients, com-
bined effects of various nutrients and 
broad dietary patterns are also vitally 
important. This was illustrated in 
one epidemiologic study that found if 
only one “good” dietary habit—such 
as either omega-3 fatty acid or fruit/
vegetable consumption—was present, 
it did not provide protection against 
the development of dementia. How-
ever, if these two “good” dietary habits 
were present, the risks were signifi-
cantly reduced (hazard ratio 0.72). 243

Difficulties Studying the Impacts of Nutritional 
Factors in Cognitive Decline/Dementia

Scientific studies examining the impacts of nutrition on disease 
risks are difficult to design and implement in a way that 
produces valid information. as a result, the existing literature 

is often ambiguous. Long ago, the field of nutritional science 
adopted the habit of studying the diet as a collection of nutrients 
that could be manipulated and examined one by one rather than 
as a complex mixture of relationships. perhaps this approach 
gained currency when single vitamin deficiencies were discovered 
to cause specific diseases and fortification programs reduced or 
eliminated the problem. But whatever the reasons, this approach 
is also consistent with the general reductionist approach to science 
that dominated during the 20th century. More recent epidemiologic 
studies are beginning to study the impacts of various patterns of 
eating rather than of single foods or nutrients.

Whether focused on single nutrient or dietary patterns, clinical 
nutrition studies are inherently difficult for a number of reasons. 
For example, dietary exposure to various nutrients is usually esti-
mated mainly through the use of food frequency questionnaires, 
which have substantial uncertainties. While biomarkers (such as 
omega-3 levels in the blood) may provide more reliable evidence 
of dietary consumption, such biomarkers of consumption are 
usually unavailable or unaffordable. another problem is that the 
consumption of a given food (such as fish) also entails not eating 
other foods (such as fast food). It can be difficult to differentiate 
the effects of what is being eaten from the effects of what is not 
being eaten. another difficulty is that long latencies for develop-
ment of dementia require long duration for prospective studies, 
further driving up the cost of the study. Further, since food choices 
are often part of a pattern of broader healthy choices, it may be 
difficult to control for residual confounding by these other choices.

and finally, the gold standard for evidence—the randomized, 
controlled clinical trial—is virtually impossible to conduct, in part 
because it is very difficult to blind subjects to what they’re eating. 
In addition, long-term dietary interventions are inconvenient and 
compliance requires an extraordinary effort on the part of subjects. 
thus, there is a notable lack of long-term nutritional intervention 
studies in the area of dementia/cognition—as in other areas as well.

Consequently, the understanding of nutritional factors in 
cognition must derive from other forms of inquiry—human 
observation, brief clinical investigations, and animal intervention 
studies. Such data have allowed important conclusions to be 
drawn in the areas of diabetes and heart disease that are key 
to the prevention of these diseases, despite the obstacles to 
conducting long-term nutrition intervention studies.
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The difficulty of defining and measuring dietary patterns and 
the lack of studies looking at multiple nutrient interactions limit the 
current database. Nonetheless, several general conclusions regarding 
nutritional influences of cognitive decline are supported by existing 
data. Here we briefly summarize some of the key conclusions.

Lipids
Lipids are important building blocks in the brain. They provide the 
key constituent of nerve cell membranes as well as the substrate for 
myelin that wraps nerve axons, providing insulation to preserve nerve 
impulses as they flow from one cell to another. Lipids are also key 
players in immune system function. In particular, saturated fatty acids 
activate, and polyunsaturated omega-3s reduce, the innate immune 
response (via Toll-like receptors, as discussed in chapter 6). In addi-
tion, omega-6 and omega-3 fatty acids modulate another major driver 
of inflammation, the eicosanoid system (prostaglandins, thrombox-
anes, and leukotrienes). With brain composition and immune function 
being intimately linked to the body’s lipid profile, it is not surprising 
that dietary lipids influence cognitive function and aging.

In general, a large body of studies, with a few exceptions, 244 245 
shows that saturated fat consumption is associated with increased 
cognitive decline/dementia, while omega-3 fatty acids are associated 
with reduced risks. This is discussed in greater detail below.

Saturated Fat and Cholesterol

Both human epidemiologic studies and controlled animal dietary 
experiments implicate saturated fat in impaired cognition and/
or dementia. Many prospective dietary studies have shown that 
increased dietary saturated fat consumption increased the risk of 
dementia by as much as two or three fold.246-255 One prospective 
study (Rotterdam) showed increased risk with saturated fat after two 
years of follow-up, though not after six years.256 Animal studies also 
implicate saturated fat. For example, young rats fed a high-saturated-
fat diet for three months showed impaired learning and memory  
relative to those fed low-fat chow. No impairment occurred with 
high poly- or mono-unsaturated-fat diets.257

Diets with high saturated- or trans-fat content adversely affect 
serum cholesterol,258 increasing LDL and decreasing HDL.259 260 
Several prospective epidemiologic studies have shown that elevated 
midlife serum cholesterol levels are a risk for Alzheimer’s disease/
cognitive decline.261-262 One study of 444 Finnish men, for example, 
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found that elevated blood cholesterol in midlife was associated with 
a threefold increased risk of developing Alzheimer’s disease in late 
life.263 Studies looking at cholesterol levels in later life have generally 
not found an association with Alzheimer’s disease/dementia risk.264 
This may be due to alterations in cholesterol metabolism and diet 
that occur early in the onset of dementia.265-267

Dietary and serum cholesterol may promote cognitive impair-
ment by increasing amyloid-beta generation and deposition.268-269 This 
is illustrated in a study in which a high-fat/high-cholesterol diet wors-
ened Alzheimer’s pathology, including amyloid-beta accumulation, in 
an Alzheimer’s mouse model. Plasma and central nervous system total 
cholesterol were strongly correlated with amyloid-beta.270

Omega-3 and Omega-6 Fatty Acids

Omega-3 and omega-6 fatty acids are both essential but their bio-
logical effects differ. Omega-3 fatty acids have anticlotting and 
anti-inflammatory properties.271 Their essential role in infant brain 
development has been recognized for decades. Only more recently 
have their effects on brain aging been explored. In laboratory stud-
ies, omega-3s have been shown to benefit learning and memory 
in rodents. Remarkably, omega-3s have also been shown to have 
striking benefits in older rodents. For example, DHA (a long-chain 
omega-3 fatty acid) supplementation in aged rats improved memory-
related learning, hippocampal fatty acid levels, and synaptic function, 
and reduced hippocampal oxidative markers.272 273 Another study 
showed that administering DHA to aged Alzheimer’s-prone rats 
reduced total amyloid-beta by more than 70 percent compared with 
low-DHA or control chow diets. Image analysis of brain sections 
showed plaque burden was reduced by more than 40 percent.274

A large body of human epidemiologic studies (11 of 13  
prospective and 3 of 3 cross-sectional studies) indicate that dietary 
omega-3s and/or fish consumption (the major source of long-chain 
omega-3 fatty acids) substantially reduce the risk of Alzheimer’s  
disease/cognitive decline.275-289  For example, a recent Minneapolis 
study of over 2,200 men and women aged 50–60 years found that 
intake of long-chain omega-3s (DHA and EPA) was associated with 
less decline in verbal fluency (odds ratio 0.74). Subjects with hyper-
tension and dyslipidemia showed greatest benefit, with the risk of 
verbal fluency decline reduced by about half (odds ratio approximately 
0.5).290 In addition, a double-blind, randomized, placebo-controlled 
clinical intervention study showed a mild positive effect of omega-3 
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fatty acids on the rate of cognitive decline in patients with very mild 
Alzheimer’s disease.291

Interestingly, a recent large prospective studyas found that the 
use of omega-6 oils—that was not offset by use of omega-3-rich oils 
or fish—more than doubled the risk of dementia (hazard ratio 2.12). 
This effect was not seen among ApoE4 carriers.292 Such an effect 
would be consistent with the role of omega-6 fatty acids as substrate 
for inflammatory mediators (eicosanoids) that are implicated in 
neuroinflammation. The potential for excessive omega-6 fatty acids 
to interfere in omega-3 fatty acid cognitive benefits is illustrated in an 
animal study showing that the reversal of learning impairmentsat in 
omega-3-deficient rats occurred only when omega-3s were restored to 
the diet and omega-6s were reduced. Restoring omega-3s alone (with-
out reducing the high intake of omega-6 fatty acids) did not reverse 
the learning impairment.293

Fruits and Vegetables
Though relatively few human epidemiologic studies have been done, 
most indicate that high intake of fruits and vegetables is associated 
with decreased risks of cognitive decline.294-300 This association is 
further supported by studies in animal models showing that fruit and 
vegetable extracts protect against cognitive and brain neuropathology  
from dietary oxidative stress in aged rodents.301 302 The benefits of 
fruits and vegetables are thought to be due to various antioxidant 
and bioactive components including vitamins E and C, carotenoids, 
flavonoids, and other polyphenols.303

antioxidants
Evidence from animal and laboratory studies shows that vitamin E 
and other antioxidant nutrients reduce oxidative and inflammatory 
damage.304 Limited prospective studies on the effects of food intake 
of vitamin E and vitamin C in humans, however, are inconsistent. 
Studies on the effects of vitamin C and E supplements have generally 
been negative. For vitamin E, this may be due in part to the fact that 
vitamin E supplements have traditionally contained only one of at 
least eight naturally occurring forms of tocopherol.305

polyphenols
Plant polyphenols are a large class of natural antioxidants suspected 
to be responsible for some of the health benefits of fruit and vegetable 

as The study followed over 8,000 French subjects for approximately 3.5 yrs.
at Learning was tested in a brightness-discrimination learning test. 
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consumption. In addition to antioxidant characteristics, polyphenols 
also demonstrate a variety of neuroprotective properties in animal 
and in vitro studies. The polyphenol curcumin, which is contained in 
the spice turmeric, for example, has been shown to inhibit amyloid-beta 
aggregation and fibril formation in vitro. When fed to aged Alzheimer-
prone mice with advanced amyloid accumulation,au curcumin reduced 
levels of amyloid and plaque burden.306 Similarly, blueberry extracts, 
highly concentrated with acanthocyanin polyphenols, have been shown 
to prevent and even reverse age-related deficits in neuronal signaling and 
cognition in rats.av 307 308 Blueberry supplementation was also shown to 
increase neurogenesis and improve memory performance in aged rats.309 
Polyphenols also act as free radical scavengers, regulate nitric oxide, 
inhibit cell proliferation, and reduce the immobilization of leukocytes. 310

Polyphenols can be subdivided into 10 or more classes based 
on chemical structure.aw Over 6,000 members of the flavonoid family 
alone have been identified,311 including acanthocyanins, found in 
high concentrations in blueberries;312 resveratrol, found in red wine; 
and catechins, in green tea and some cocoa and chocolate.

While the scarcity of studies does not yet permit conclusions 
to be drawn, limited laboratory, animal, and human epidemiologic 
evidence is highly suggestive that dietary polyphenols have a signifi-
cant neuroprotective influence.

Very few epidemiologic studies have looked specifically at the 
possible influence of polyphenols in cognitive decline/Alzheimer’s 
disease. Two studies in the French PAQUID cohort, with over 1,300 
participants, did find consistent flavonoid associations with improved 
cognition.313 314 Specifically, the studies found that flavonoid intake 
was associated with better cognitive function at baseline. At five 
years, the adjusted relative risk of dementia was approximately cut in 
half for subjects in the two highest tertiles of flavonoid intake com-
pared to the lowest. And at 10 years follow-up, subjects in the lowest 
quartile of flavonoid intake had lost an average of 2.1 points on the 
Mini-Mental State Exam, compared with a loss of 1.2 points among 
those in the highest quartile of flavonoid intake.

A recent review of prospective cohort studies315 found that 7 
of 12 studies showed flavonoid intake associated with reduced risk of 
coronary artery disease. One study in Welsh men316 found the opposite 

au Tg2576 mice, (carrying a mutant form of amyloid precursor protein), were raised on a 
Purina chow diet with 500 ppm curcumin added, until the age of 22 months.
av Some, though not all, improvements were also demonstrated in rats receiving spinach and 
strawberry extracts, also high in polyphenols.
aw All plant poyphenols share the chemical structural feature of a central aromatic ring with 
one or more hydroxyl groups. 
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association, though the results did not achieve statistical significance 
(p=0.1) and may have been influenced by methodology problems.ax

Vitamins B6, B12, Folate, and homocysteine
Homocysteine, an amino acid, is the byproduct of the metabolism 
of other amino acids (specifically the conversion of methionine to 
cysteine). While extreme elevations of homocysteine are caused by a 
rare genetic disorder (homocystinuria), mild-to-moderate elevations 
found in 5–7 percent of the population are most commonly caused 
by dietary deficiencies of folate, B12, and B6,ay 317 318 vitamins that are 
essential for homocysteine metabolism. Moderate elevation of homo-
cysteine is recognized as an independent risk factor for cardiovascular, 
cerebrovascular, and venous thromboembolic disease, (heart attacks, 
strokes and blood clots). The risks associated with homocysteine eleva-
tions, however, appear to be less than those associated with traditional 
cardiovascular risk factors.319-321 

Lowering homocysteine through vitamin supplementation  
has not been shown to be of benefit for cardiovascular or venous  
thromboembolic disease.322  Several large controlled clinical trials  
are now underway to assess the benefit of folate, B12, and B6  
supplementation in preventing cardiovascular disease.

Evidence linking homocysteine elevations (and/or inadequate 
intake of folate, B12, and B6) to dementia/cognitive decline is mixed 
but increasingly suggestive. One recent large observational study of 
over a thousand older subjects found elevated plasma homocysteine 
a strong risk factor for the development of dementia and Alzheimer’s 
disease.323 Another large observational study found that higher dietary 
folate intake (which reduces homocysteine) was associated with reduced 
risk of developing Alzheimer’s disease. Specifically, those in the highest 
quartile of folate intake showed half the risk of developing Alzheimer’s 
disease (compared to lowest quartile).324 These studies were notable for 
lasting 8 and 6 years. Two shorter observational studies—lasting 2.7 and 
3.9 years—did not see an association between dietary folate/B12/B6 and 
incidence of Alzheimer’s disease, perhaps because the observation time 
was too short to allow the effect to be seen.325 326 Further support for an 
association of homocysteine levels with cognitive decline is provided by 
a recent large cross-sectional study showing higher plasma homocysteine 

ax The result was thought potentially due to residual confounding, and/or possibly to the 
British habit of adding milk to tea, (the major source of flavonols in this population), inhib-
iting the absorption of flavonols.
ay Additional causes of mild-moderate homocysteine elevations include genetic defects, 
chronic medical conditions, pharmaceuticals, and other factors.
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levels are associated with silent brain infarcts and smaller brain volume 
on MRI in healthy, middle-aged adults.az 327

Recently, clinical intervention studies have begun to test the 
influence of the relevant B vitamins (and the resulting homocysteine 
lowering) on cognitive function over time. Results of these early inter-
vention studies—which have been limited by modest duration and 
sample sizes—have been mixed. 328-331 However, a recent trial with a 
larger subject number and longer duration ba found that folate supple-
mentation was associated with a 26 percent reduction in plasma 
homocysteine and improved cognitive functionbb compared to the 
placebo group.332 Additional intervention studies will be needed to 
confirm this emerging role of homocysteine in cognitive decline and 
the role of folate supplementation in preventing this increased risk.

Rich food sources of folate include legumes (lentils, chick peas), 
green leafy vegetables (spinach, turnip greens, lettuces), sunflower 
seeds, and certain other fruits and vegetables. Some breakfast cereals 
are fortified with folic acid. The USDA provides a database of selected 
food sources of folate (and other nutrients) which can be found at the 
USDA National Nutrient Database for Standard Reference.

Dietary patterns: the Mediterranean-type Diet
As mentioned above, there is increasing interest in the influence of 
dietary patterns rather than single nutrients on a variety of health 
concerns. A focus on dietary patterns can capture complex interac-
tions among many components that are difficult or impossible to see 
when looking at one or two nutrients individually.333

Interest in one such pattern, the Mediterranean diet, was first 
kindled by the work of Ancel Keys in the 1950s, who pointed out 
the very low rates of coronary disease and some cancers and long 
life expectancy on the island of Crete, despite high fat intake in the 
diet.bc While there is no single Mediterranean diet, the term is gener-
ally used to refer to diets characterized by high intake of vegetables, 
legumes, fruits, whole cereals, fish, nuts, and unsaturated fatty acids 
(especially olive oil); low-moderate dairy products; low saturated 
fats and meat; and regular moderate ethanol, primarily in the form 
az The study included over 1900 subjects in the Framingham Offspring Study in a cross-
sectional investigation.
ba Additional techniques included more sensitive outcome measures (testing specific cognitive 
domains rather than global performance), and statistical clustering of multiple raw test scores 
(to reduce variability of individual tests and improve the “robustness” of the measurements).
bb Improvements in cognitive function were found in memory, information processing speed, 
attention and concept shifting (similar to executive function), referred to by the author as 
sensorimotor speed.
bc It is now acknowledged that the benefits attributed to the Mediterranean diet in the Keys 
studies may have been influenced by poorly controlled co-variants such as physical activity.
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of wine with meals. The benefits of the Mediterranean diet have 
generally been attributed to the combined effects of high content of 
antioxidants (in olive oil, vegetables, and fruits), high omega-3 fatty 
acids, low saturated fat,334 low glycemic index, and high fiber content 
(due to reliance on whole rather than processed grains). We use the 
term Mediterranean-type diet here to refer to other diets as well, such 
as the “prudent” diet, that share most of the above characteristics.

The Lyon Heart Study was the first clinical trial showing 
compelling health benefits—specifically a 73 percent reduction in 
recurrent heart attacks and a 70 percent reduction in total mortality 
in a group of over 600 patients randomly assigned to a Mediterra-
nean-type diet (vs. conventional medical dietary advice) following 
a heart attack.335 Subsequently, a large body of observational and 
intervention studies (though not all studies) have shown benefits of a 
Mediterranean-type diet on the spectrum of diseases in the Western 
disease cluster. Beneficial effects have been shown for diabetes,336 337 
obesity, metabolic syndrome,338 chronic inflammation,339 cardiovascu-
lar disease, and abnormal blood lipids.340

Several recent prospective studies have also demonstrated 
benefits of the Mediterranean diet in reducing cognitive decline341 and 
Alzheimer’s disease. One study following over 2,000 New York resi-
dents found that adherence to the Mediterranean diet over four years 
was associated with a risk of Alzheimer’s disease that was reduced by 
more than a third.bd 342 Another prospective study of 192 community-
living individuals with Alzheimer’s disease found that those in the high-
est third for adherence to the Mediterranean diet had a markedly lower 
mortality risk (OR 0.27) as well as nearly four years longer survival, 
relative to those in the lowest third for adherence.343

ethanol
Mild-to-moderate alcohol consumption has been recognized to have a 
protective effect against cardiovascular disease in middle-aged and older 
adults.344 Similarly, a growing body of evidence suggests that light-to-
moderate alcohol consumption is protective against dementia, 345 though 
high levels of alcohol intake and alcoholism itself are associated with 
cognitive dysfunction346 and dementia. The alcohol-dementia associa-
tion may also be complicated by other factors (including smoking, head 
trauma, and vitamin, antioxidant, and dietary deficiencies).347

Two large cohort studies showed substantial risk reduction for 
dementia (hazard ratio = 0.46-0.58) with light-to-moderate alcohol 
consumption.348 349 A study of over 11,000 US nurses also showed 
that consumption of one drink per day or less was associated with a 

bd OR= 0.6, comparing the most to least adherent thirds of the population

Adherence to the 
Mediterranean diet 
was associated 
with a risk of 
Alzheimer’s disease 
that was reduced 
by more than  
a third.



E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g  p a g e  1 3 1

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

reduced risk of cognitive impairment, (with relative risk compared 
with abstinence = 0.85).350 A recent meta-analysis of 23 studies con-
cluded that limited alcohol intake in earlier adult life may be protec-
tive against the development of dementia in later life. The relative 
risk for dementia and Alzheimer’s disease was approximately 0.6.351

The ApoE4 gene appears to modify—and potentially even 
reverse—the alcohol benefit. Several (though not all352) observational 
studies suggest that individuals carrying the ApoE4 gene do not 
benefit from mild-to-moderate alcohol intake.353 354 In a study of over 
1,300 French subjects (59–71 years old) followed for four years, non-
ApoE4 carriers who reported drinking two or more glasses of alcohol 
per day had a roughly 50 percent decrease in the risk of cognitive 
deterioration compared to nondrinkers. In contrast, those who car-
ried at least one ApoE4 gene showed a positive association between 
alcohol consumption and cognitive deterioration.355

Two studies showed a reduced risk of dementia only with 
wine consumption356 357 while others found no difference in risks 
according to beverage type.358 359

Mechanisms by which alcohol may exert protective effects are 
not clearly established, though the benefits of red wine consumption 
are thought to be due in part at least to the polyphenol resveratrol. 
Alcohol is also a modulator of fatty acid metabolism, specifically 
promoting higher levels of long-chain omega-3 fatty acids,360 361 
which are associated with reduced risk for cognitive decline/Alzheimer’s 
disease. It has been speculated that a “fish-like effect of moderate 
wine drinking” might partly explain the protective effects of wine 
drinking against cardiovascular disease.362 If so, it is possible that 
such an effect might play a role in the neuroprotective effect of lim-
ited alcohol consumption.

electromagnetic Field exposure
A growing body of epidemiological evidence suggests an association 
between occupational exposure to extremely low frequency magnetic 
fields (ELF-MF) and dementia/Alzheimer’s disease. ELF-MF are gener-
ated by electric-powered equipment,be among other sources. They are 
part of a spectrum of electromagnetic waves that run from gamma 
rays at the highest frequency end, through x-rays, ultraviolet rays, 
visible light, infrared radiation, microwaves, radio waves, very low 
frequency, and extremely low frequency waves at the lowest end. Most 
research has focused on long-term health effects in workers exposed to 
magnetic fields typically encountered by electric power installers and 
repairers, power plant operators, electricians, electrical and electronic 

be Power-frequency fields are typically 50–60 Hz.
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equipment repairers, telephone line technicians, seamstresses, tailors, 
welders, carpenters, or others who operate electrical equipment.363 364

A recent systematic review and meta-analysis365 found a 1.6 to  
twofold increased riskbf for those occupationally exposed to electro- 
magnetic fields, using 14 published epidemiologic studies with adequate  
methodology.bg Another review prepared for the BioInitiative Working 
Group found six out of seven epidemiologic studiesbh generally positive 
for an association between ELF-MF and Alzheimer’s disease, with only 
one study failing to find an association.366

One of the mechanisms proposed to mediate the increased risk 
of Alzheimer’s disease with ELF-MF exposure is reduced melatonin 
production. Numerous epidemiologic studies (11 of 13 reviewed in the 
BioInitiative Working Group study) found that high ELF-MF exposure 
was associated with reduced melatonin production in occupational 
and residential settings. 367 Melatonin has been shown to be neuropro-
tective in a number of animal and in vitro studies. Melatonin effects 
include inhibition of amyloid beta neurotoxicity, oxidative stress in 
transgenic mouse models of Alzheimer’s disease, and proinflammatory 
cytokine production induced by amyloid-beta in rat brains.

Studies in humans show that although melatonin levels 
normally decline with age, the levels are more sharply reduced in 
people with Alzheimer’s disease, even in the earliest stages.368 369 One 
therapeutic trial in people with Alzheimer’s disease concluded that 
melatonin supplements can stabilize cognitive decline.370 Another 
study in people with Alzheimer’s disease in group homes showed 
that, although melatonin improved sleep patterns, its effects on 
cognitive function were beneficial only when combined with bright 
lights during the day.371 Melatonin supplementation also improved 
memory and learning in rat models of Alzheimer’s disease.372 Taken 
together, the evidence is suggestive that ELF-MF could potentially 
increase risk for Alzheimer’s disease by reducing brain levels of 
neuroprotective melatonin. Human studies have not yet been 
designed to study this hypothesis.

Other mechanisms proposed to explain potential ELF-MF effects 
on the brain and biological systems in general include oxidative stress, 
calcium ion release in immune cells and neurons, apoptosis and necrosis 
in brain cells, and effects on biomagnetic particles in the brain.373

bf The 1.6-fold increased risk was derived from cohort studies. The twofold increased risk 
was derived from case-control studies.
bg All included studies used standardized criteria for Alzheimer’s diagnosis, and most studies 
used quantitative estimates of EMF exposure.
bh Criteria for this study required expert diagnoses and restrictive classification of magnetic 
field exposure.

...this evidence 
is suggestive 
that extremely 
low frequency 
magnetic fields 
could potentially 
increase risk 
for Alzheimer’s 
disease by 
reducing 
brain levels of 
neuroprotective 
melatonin.
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Conclusion

We have reviewed a number of environmental factors that 
substantially influence the risks of Alzheimer’s/dementia and 
cognitive decline. These include elements of the chemical, 

nutritional, and social environment, as well as exercise and disease 
states—which are themselves responsive to many of these same influ-
ences. We turn now to examine the role of environmental influences 
in Parkinson’s disease. Subsequently, we will discuss opportunities 
in policy innovations (in chapter 9) and personal actions to address 
these influences and reduce the risks for neurodegenerative disease 
and related Western disease cluster illnesses.
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Neurotoxic
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agribusiness
processing
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NEUROINFLAMMATION

NEURODEGENERATION

fast
food

valuable nutrients
get lost in processing,
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pro-inflammatory
nutrient profile
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industry, traffic and
household products
add toxins to air,
soil and water
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shipping

auto and bus
emissions, built
environment

consumer
products

industry

Socioeconomic
Circumstances

stress
depression

poverty
low income

lack of health care
lack of education

this figure illustrates some of the 
interacting factors in the modern 
chemical, nutritional, social and built 
environments that may be contributing 
to neurodegenerative disease. the 
vulnerability of a given individual to any 
of these factors will depend on how these 
factors interact over time in the “sea of 
conditions” affecting the individual – 
including her/his genetic make-up.  
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Stories of Life Weave the Fabric of 
the Intergenerational School

Neuroscientist peter J. Whitehouse MD phD 
helps people weave the stories of their lives 
through memories, aspirations, and active 

participation in healthy living.

Whitehouse—a professor at Case Western reserve 
University, medical doctor, expert in alzheimer’s 
disease, bioethicist, educator, author, and innovator—
thinks beyond the brain as an isolated organ and 
into the ecology of the world and the systems that 
enhance prosperity and wellbeing. he is dedicating 
his life to ensuring that everyone, including those 
facing cognitive challenges, has a chance to tell 
personal tales of triumph and tribulation and live fully 
through the end of life. 

Whitehouse and his wife 
Cathy, a psychologist, 
founded the Intergen-
erational School in 2000. 
the Cleveland public 
charter school is an 
award-winning institution 
for about 145 students in 
grades K-8 as well as a 
nurturing environment for 
over 30 volunteer adults 
and seniors.

the goal of the school, located at the Fairhill Center 
for aging, is to promote life-long learning keyed 
to developmental learning stages and “a sense of 
community, a sense of purpose, a sense of legacy.”

a glowing profile in a U.S. Department of education 
newsletter noted that in 2006 the Intergenerational 
School was one of just 21 high-poverty schools state-
wide in which 75 percent of students passed Ohio’s 
standardized reading test.  In 2007, 100 percent of 
third and fourth grade students passed this test.

everyone benefits as intergenerational relationships 
are fostered. Young students at the school support 
elders by visiting, telling and listening to stories, 
and developing friendships at local long-term 
care facilities. although many adult volunteers 
have memory or cognitive challenges, they 
mentor children in reading, arts, and hobbies and 
serve in such roles as library aides or technology 
troubleshooters. “the most important thing for the 
elders is that they have a sense that they are keeping 
their minds active,” said Dr. Whitehouse.

the stories of the volunteers are encouraging. Mrs. 
atwood, an african-american woman in her late 
50s who is beginning to have memory problems 
(and has two sisters with alzheimer’s in nursing 
homes), volunteers every two weeks. She begins on 
Wednesday to “joyfully” plan her thursdays at the 
Intergenerational School. the responsibility gives her 
focus and purpose.  another volunteer, Dr. Miller, holds 
a phD in the history of medicine and is a relative of 
Moses Cleaveland who founded the Ohio city. her 
participation with the children at the school helps 
keeps her disorientation and agitation at bay.

Danny George is Whitehouse’s co-author of a 
recently published book, the Myth of alzheimer’s, 

which challenges conventional ideas 
about the diagnosis and treatment of 
alzheimer’s. George has undertaken 
a systematic observation of the seniors 
who donate their time at the Intergen-
erational School to evaluate how their 
participation benefits their health.

the success of the Intergenerational 
School supports the hope that we can 
foster the sharing of intergenerational 
wisdom in an increasingly complex 
world, and thus sustain healthy cogni-
tion throughout life. It suggests that 

it is possible to weave a fabric of common stories of 
diverse life stages that become the shared narrative of 
a diverse world. 

LifeBook
LifeBook is an innovative program developed by Dr. 
Whitehouse and described in the Myth of alzheimer’s 
as a “practice in embracing mortality.”  By embracing 
mortality, we also embrace living fully.  LifeBook helps 
people consider issues important at the end of life, 
and can provide a rich portrait of a person’s life. the 
process suggests that people:

 tell the story of their life – through pictures, let-•
ters and other written materials

 envision what they want for end of life care•

 reflect on their legacy•

this can be a powerful and rewarding experience and 
enormously helpful to the individual as well as family, 
friends and caregivers.
For more information, go to the www.tisonline.org   
and www.themythofalzheimers.com

FOOD for
THOUGHT

Intergenerational School student and volunteer 
elder share life stories.  Photo: Peter J. Whitehouse.
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Parkinson’s disease is a neurodegenerative disorder first formally 
described in medical literature by James Parkinson in 1817. It 
usually begins slowly and becomes progressively more severe. The 

best known clinical symptom is rhythmic tremor of the limbs, which 
subsides with intentional movement (sometimes called a “resting 
tremor”), muscular stiffness, slow movement, and stooped posture. 
Sleep disorders are common. The earliest stages of Parkinson’s disease 
may begin years or even decades before tremor and stiffness become 
apparent.1 Constipation, impaired smell discrimination, and excessive 
sleepiness are sometimes early manifestations of Parkinson’s.2 3 4 In 
later stages, depression, psychosis, and dementia may appear, although 
depression may also be an early sign of the disorder.

Parkinson’s disease typically begins in a person’s 50s or 60s 
and slowly progresses with age. Early onset of Parkinson’s disease 
before age 30 is rare, but up to 10 percent of cases begin by age 40. 
Descriptions of people with symptoms consistent with Parkinson’s 
disease appeared in ancient time and periodically thereafter.5 Lack 
of patient registries, however, makes it difficult to estimate incidence 
and trends of the disease even in recent times. The range of reported 
incidence varies from 4.5 to 21 per 100,000 people annually.

Historically, most attention has focused on degeneration of 
dopamine-producing cells in a portion of the midbrain called the 
substantia nigra.a When they can no longer produce adequate dop-
amine, neurons elsewhere in the brain are less well regulated and do 
not behave normally. Then the familiar clinical symptoms begin. But 
early Parkinson’s disease pathology can involve nerves in the auto-
nomic nervous system in the gastrointestinal tract and heart, even 

Cha p t e r  8
environmental 
Factors in the 
Development of 
parkinson’s Disease

a Several neural pathways in the brain use dopamine as the major neurotransmitter. One 
of those is the pathway from the substantia nigra to the nearby striatum and is sometimes 
referred to as the nigrostriatal pathway or region. Degeneration of dopamine-producing cells 
results in lower levels of dopamine along this pathway. Studies described in this chapter vari-
ously refer to the substantia nigra, the striatum, or the nigrostriatum. 

the crane symbolizes 
health & protection in 
asian cultures

The earliest stages 
of Parkinson’s 
disease may 
begin years or 
even decades 
before tremor and 
stiffness become 
apparent.
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before cells in the brain are affected.6 7 Parkinson’s disease may there-
fore be a more systemic condition. 

In classic Parkinson’s disease, affected neurons contain Lewy 
bodies. A major constituent of these cellular inclusions is a naturally 
occurring protein called alpha-synuclein (AS) that is misfolded and 
becomes insoluble.8 Although the normal functions of AS in the 
brain are not well understood, it is likely to support synaptic nerve 
transmission via neurotransmitters. Normally, AS does not accumu-
late in the brain as it does in Parkinson’s disease. Some genetic muta-
tions can cause AS to misfold and become insoluble, but there are 
almost certain to be environmental factors that play a role in cases 
where genetic influences are not particularly strong. 

The mechanism(s) leading to dopaminergic neuron degeneration, 
including the role of Lewy bodies, are not well understood. Whereas 
Lewy bodies may represent an initial attempt to sequester misfolded 
proteins, they may at some point become a trigger for an inflammatory 
response, which, in turn, damages dopaminergic neurons. 

In addition to Lewy bodies, activated microglia are also pres-
ent in the brains of people with Parkinson’s disease and in various 
laboratory animal models.9-11 As discussed in chapter 3, microglia 
are essential to immune function in the brain. When microglia are 
activated in response to pathologic stimuli, including infectious 
agents, chemical toxicants, or trauma, they release a variety of 
inflammatory substances and growth factors that can be both harm-
ful and beneficial, depending on the nature of the stimulus and the 
degree and duration of the response. If not self-limited or ultimately 
reversed, microglial activation can be a source of ongoing, chronic 
inflammation, generating reactive oxygen species (ROS) and causing 
persistent oxidative stress. In animal models of Parkinson’s disease 
microglial activation persists long after the initiating stimulus is gone. 
Imaging studies in people with Parkinson’s disease show fairly wide-
spread microglial activation in many areas of the brain, consistent 
with the now generally accepted conclusion that the pathology of 
Parkinson’s disease is not confined to the substantia nigra.12 

We now know that classic Parkinson’s disease is one of a 
group of disorders with similar clinical symptoms but variations 
in areas of the brain affected or microscopic findings. People with 
symptoms resembling classic Parkinson’s disease but with certain 
different features are sometimes said to suffer from “parkinsonism.” 
Some people with parkinsonism lack Lewy bodies in affected areas 
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of the brain, but their symptoms may be indistinguishable from clas-
sic Parkinson’s disease.13 Some forms of parkinsonism may involve 
more extensive areas of brain injury than classic Parkinson’s disease. 
In fact, boundaries between classic Parkinson’s disease and parkin-
sonism are evolving concepts around which there is no clear con-
sensus at this time.14 Multiple pathologic mechanisms are likely to 
converge to cause a common clinical syndrome. Studies attempting 
to identify underlying causal factors, therefore, need to grapple with 
what appears to be considerable heterogeneity in the pathways lead-
ing to Parkinson’s disease or parkinsonism.

the Causes of parkinson’s Disease
Genetic Contributors

The origins of Parkinson’s disease have been debated for decades.  
In the early 20th century, a small percentage of cases were noted to 
have affected family members, suggesting a genetic predisposition, 

but the overwhelming remainder appeared to be sporadic. In the 
1990s, a large study of thousands of white male twins enrolled in 
a World War II veteran database attempted to estimate the extent 
to which genetic factors play a role in causing Parkinson’s disease. 
The authors concluded that genetic predisposition was a strong 
determinant of risk in early-onset Parkinson’s disease (before age  
50) but that genetic factors do not play a major role in causing  
typical Parkinson’s.15

More recent studies have identified a number of susceptibility 
genes that may play a role alone or in various combinations even in 
later-onset Parkinson’s.16 17 b These candidate genes influence many 
different biologic processes including levels of neurotransmitters such 
as dopamine and their receptors, metabolism and excretion of poten-
tially toxic compounds, and protein aggregation. Most investigators 
conclude that a number of susceptibility genes help to create the 
conditions in which environmental factors further influence events 
leading to clinical Parkinson’s disease. Strong genetic influences  
are more important in early-onset Parkinson’s than in more typical 
Parkinson’s disease, where perhaps more numerous but weaker  
susceptibility genes play a less prominent role. 

b Several genes are associated with increases in Parkinson’s disease risk, including parkin, 
alpha-synuclein, DJ-1, PINK-1, MAO-B, LRRK2, and UCHL-1, but they account for only 
a small number of Parkinson’s disease cases.

People with 
symptoms 
resembling classic 
Parkinson’s 
disease but with 
certain different 
features are 
sometimes said 
to suffer from 

“parkinsonism.”
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environmental Contributors
In the 1980s case reports of several individuals who acutely  
developed Parkinson-like symptoms after injecting a “new synthetic 
heroin” sparked interest in finding environmental agents that might 
cause the disorder.18 MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine) contaminated a batch of illicit meperidine (demerol)  
distributed to a small number of IV-drug users in northern California. 
Four people developed persistent Parkinson-like symptoms soon 
after injecting the drug. Two years later, after the death of one of the 
patients due to a drug overdose, autopsy revealed marked degenera-
tion of cells in the substantia nigra of the brain, similar to what is 
seen in Parkinson’s disease. However, Lewy bodies were not identi-
fied in this patient or in several others who later were examined at 
autopsy after MPTP-induced parkinsonism. Laboratory animals, 
including nonhuman primates, treated with MPTP also develop  
Parkinson-like symptoms, and this has been used as a toxicant-
induced animal model for studying the disease. Lewy bodies are 
missing in MPTP-treated animals as well, although degeneration of 
dopaminergic neurons in the substantia nigra is a universal finding.19

a “risk Factor” approach to pD

As a result of the MPTP observations, many epidemiologic stud-
ies have looked for influences of other environmental agents on 
Parkinson’s disease risk. At the same time, studies in laboratory 

animals have validated findings of some of the epidemiologic investi-
gations and clarified underlying mechanisms whereby environmental 
agents may cause Parkinson’s disease

Here we review and summarize the results of investigations 
into the role of individual risk factors for Parkinson’s disease but 
caution that it is highly unlikely that a single “smoking gun” will 
ever be identified as causing most cases of Parkinson’s disease. The 
picture that emerges is one of multiple genetic and environmental 
variables in differing combinations that collectively influence risk. 
This means that, within any group of people with Parkinson’s dis-
ease, the underlying collection of factors ultimately leading to their 
symptoms, diagnosis, and progression will vary considerably. That is, 
multiple different pathways and mechanisms can ultimately lead to 
Parkinson’s disease or parkinsonism. It means that in most affected 
individuals there are multiple determinants of Parkinson’s disease 
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risk, and within populations the causes of Parkinson’s 
disease are heterogeneous. We will discuss the impli-
cations of this conclusion for individuals and public 
policy decision-making in chapter 9.

potentially protective Factors (Decreased risk)
The single factor that is most consistently associated 
with a reduced risk of Parkinson’s disease is cigarette 
smoking. A meta-analysis of case-control and cohort 
studies reported an approximate 60 percent reduction 
of Parkinson’s disease risk in smokers, including a 
dose-response relationship (higher cigarette consump-
tion over a longer time associated with lower risk).20 
Decreased risk is greater in current compared to 
former smokers. Pipe and cigar smoking and chewing 
tobacco also seem to be associated with lower risk 
although they have not been studied as thoroughly as 
cigarette smoking.21

Various biological mechanisms have been proposed to explain 
an apparent protective effect of smoking. In animal studies, nicotine 
seems to partially protect against pesticide-induced damage to dop-
aminergic neurons in the nigrostriatal region of the brain involved 
in Parkinson’s disease.22 But cigarette smoke contains hundreds of 
chemicals and others may be involved. Therapeutic trials of nicotine 
in patients with Parkinson’s disease are underway. An early pilot 
study shows promising results but larger, randomized clinical trials 
will be necessary.23

Caffeine consumption is also associated with a reduced inci-
dence of Parkinson’s disease in many studies.24 25 A proposed mecha-
nism involves the capacity of caffeine and related chemicals to block 
the activity of a neuromodulator, adenosine, in the brain.26 In clinical 
trials, blocking adenosine has resulted in less severe muscle rigidity 
in people with Parkinson’s disease as well as improved responsive-
ness to other therapies.

Hormone replacement therapy is inconsistently associated 
with a reduced incidence of Parkinson’s disease in women.27 28 As 
with Alzheimer disease, the timing of hormone replacement ther-
apy in relation to the timing of onset of menopause may influence 
impacts on Parkinson’s disease risk.

The picture that 
emerges is one of 
multiple genetic 
and environmental 
variables 
in differing 
combinations 
that collectively 
influence risk. 
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Factors that Increase parkinson’s Disease risk

Age, Gender

The single biggest risk factor for Parkinson’s disease is advancing age. 
Incidence increases from about 17 cases per 100,000 person years 
between ages 50 and 59 to over 90 per 100,000 person years between 
ages 70 and 79.29 Men have a significantly higher risk than women, 
although it remains unclear if this difference is due to inherent gender 
differences or differential exposure to environmental risk factors.30 31

Pesticides

In the 1990s, two converging lines of evidence began to point toward 
the likelihood that exposure to pesticides could increase the risk of 
Parkinson’s disease. First, a number of case-control epidemiologic 
studies concluded that rural living and drinking well water increased 
the risk of Parkinson’s disease, but the evidence was inconsistent and 
its quality varied.32 33 In over 20 studies, when occupation was taken 
into account, farmers and other agricultural workers appeared to 
have an increased risk of Parkinson’s disease. Those reports, of course, 
sparked concerns that agricultural chemicals might be responsible.

Epidemiologic Studies

A recent review of the peer-reviewed literature found that 24 of 31 
studies, primarily of case-control design, reported an increased risk 
of Parkinson’s disease associated with pesticide use.34 In 12 of the 
24 positive studies, the increased risk was statistically significant, 
with odds ratios ranging from 1.6 to 7.0. Only two of the 31 studies 
reported an odds ratio of less than 1.0. In the studies that attempted 
to distinguish among categories of pesticides, herbicides and insecti-
cides were most likely to be associated with an increased risk. Of the 
31 reviewed, all of the studies (6 of 6) that attempted to determine 
whether the risk of Parkinson’s disease increased as pesticide expo-
sure increased found a trend in that direction, and it was statistically 
significant in 4 of the 6.

As is often true of epidemiologic investigations, many of these 
studies have some limits. For example, most of them rely on partici-
pants’ estimates of past pesticide use or exposure, which may or may 
not be valid. One study concludes, however, that this is unlikely to 
be a major issue for licensed pesticide applicators, who are generally 
able to recall and report valid information.35 Many of the studies 
address pesticides as a class of chemicals and fail to identify individ-
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ual chemical agents that may increase Parkinson’s disease risk. This 
may not be a weakness. It is entirely plausible that different pesti-
cides from different classes could increase risk through different as 
well as common mechanisms of toxicity. 

Laboratory Animal Studies

A second line of evidence linking pesticides to Parkinson’s disease 
risk comes from experimental laboratory work. After the MPTP 
discovery, further investigations showed that MPTP caused neurode-
generation in the substantia nigra at least in part through mitochon-
drial toxicity and free radical damage to dopaminergic neurons that 
seemed particularly vulnerable to this kind of insult. Some investiga-
tors turned their attention to the pesticides rotenone and paraquat 
because of their propensity to damage mitochondria and structural 
similarities to MPTP or its toxic metabolite, MPP+. This work pro-
vided a new model for studying cellular mechanisms that damage 
dopaminergic neurons.

Studies in rats showed that chronic intravenous administration 
of rotenone caused a Parkinson-like syndrome, damage to dopamin-
ergic neurons in the substantia nigra, and cellular inclusions that look 
like Lewy bodies microscopically.36 Studies also showed that paraquat 
caused a loss of dopaminergic neurons in laboratory animals.37 38 

Maneb, a widely used dithiocarbamate fungicide, is another 
agricultural chemical also linked to Parkinson’s-like symptoms  
in humans exposed during agricultural work,39 40 in laboratory  
animals41 and in cultures of dopaminergic cells from the brain.42 
A 1991 study reported that pre-treatment with a dithiocarbam-
ate markedly boosted the adverse impacts of MPTP on locomotor 
activity and increased dopaminergic neuron damage in laboratory 
rodents.43 This stimulated more research into the impacts of mixtures 
of agricultural chemicals. 

Combinations of paraquat and maneb have been studied 
using a variety of dosing regimens. Scientists at the University of 
Rochester administered saline, maneb, paraquat, or maneb plus 
paraquat to mice. They showed that the combined exposure to 
paraquat and maneb caused synergistic decreases in motor activity 
and dopamine and increased damage to dopaminergic neurons in the 
striatal region of the brain.44 45

This team then explored the hypothesis that exposure to one 
or two of these chemicals during early development would increase 
susceptibility to exposures later in life. In one experiment, combined 
exposure to maneb and paraquat soon after birth produced loss of 
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dopamine and reduced numbers of dopamine neurons in the  
substantia nigra. Effects were greater than those produced by adult-
only exposures. Moreover, combined exposures in infancy enhanced 
vulnerability to the same chemicals after exposure in adulthood.

In a second experiment, maneb exposures during fetal  
development markedly increased vulnerability to paraquat in  
adulthood, as measured by reductions in dopamine and numbers 
of dopaminergic neurons in the substantia nigra. Males were more 
vulnerable than females in both cases.46 Other work in cell cultures 
had shown that paraquat caused oxidative damage by generating 
reactive oxygen species, while maneb interfered with regeneration 
of antioxidant defenses.47 

In summary, these experiments showed the following: 1) 
Chemicals combined can act synergistically. That is, they can cause 
an enhanced effect that is greater than the sum of the effects of the 
individual chemicals. 2) Chemicals that cause toxicity through differ-
ent mechanisms within the same system can have additive or syner-
gistic effects. 3) Developmental exposures can “prime” the brain so 
that it is more susceptible to exposures that occur later in life. This is 
consistent with the concept of “multiple hits” that collectively, over 
time, result in clinical disease. 

Early-onset or accelerated loss of dopaminergic cells caused by “hits” that  
may occur during fetal development and/or at any point throughout life  
ultimately result in sufficient loss of dopamine to cause clinical symptoms. 
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The herbicide paraquat and fungicide maneb are 
heavily used in large and often overlapping geographical 
areas with considerable likelihood of human exposures. 
Although investigators used intravenous exposures in 
the studies described above, follow-up studies in which 
paraquat was given to laboratory mice orally showed 
that the chemical was absorbed and transported to the 
brain with a half-life of one month.48 Paraquat and 
maneb are absorbed after ingestion or inhalation and to 
some extent through dermal absorption in humans.49 50

Additional Pesticides

Dieldrin is an organochlorine pesticide that is no longer manufactured 
or used in the U.S.. But traces of the chemical are still present in many 
humans and wildlife because it is persistent and bioaccumulative. 
An autopsy study found higher levels of dieldrin in the substantia 
nigra of ten Parkinson’s disease patients compared to people without 
dementia and people with Alzheimer’s disease.51 The same study also 
found higher levels of lindane in the substantia nigra of people with 
Parkinson’s disease. Lindane is another persistent, bioaccumulative 
pesticide that is still authorized for use in treating lice and scabies 
although alternatives exist. An earlier study detected dieldrin in 6 of 
20 brains of people with Parkinson’s disease, in 1 of 7 brains from 
people with Alzheimer’s disease, and in none of 14 control samples. 
Since then, a number of in vitro and laboratory animal studies have 
attempted to elucidate mechanisms whereby dieldrin may increase 
the risk of Parkinson’s.

In in vitro studies, dieldrin added to a preparation of alpha-
synuclein protein markedly accelerates the development of protein 
aggregates similar to those seen in Lewy bodies.52 Rotenone and 
paraquat have the same effect. 

The ubiquitin-proteosome system (UPS) is another potential 
target for environmental agents associated with Parkinson’s disease. 
The UPS is an intracellular mechanism that normally destroys pro-
teins after they have served their purposes within the cell by shred-
ding them into their component amino acids, which can then be 
recycled into new proteins.53 Agents that impair the UPS may allow 
proteins such as alpha-synuclein, amyloid-beta, or others to inappro-
priately accumulate, increasing the risk of diseases associated with 
accumulation of those proteins. In in vitro experiments, rotenone, 
dieldrin, and two dithiocarbamate fungicides each impaired UPS 
functions at low concentrations.54
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At low concentrations in cell culture systems, dieldrin also induces  
mitochondrial damage and microglial activation with release of reactive 
oxygen species causing oxidative stress, rapid release of dopamine, and 
apoptotic cell death.55 56 These effects also occur in intact laboratory  
animals at environmentally relevant levels of exposure.57

In another study, similar in design to those reported above 
with maneb, scientists fed dieldrin to female mice for three weeks 
at levels resulting in tissue concentrations similar to those found in 
people. The mice were then mated and their offspring studied after 
weaning. Male offspring that had been exposed to low-level dieldrin 
had a much larger decrease in nigrostriatal dopamine levels after 
MPTP exposure in adulthood than control animals. This once again 
demonstrates that perinatal exposures to toxic agents can prime the  
brain, making it more susceptible to further damage when challenged 
again in adulthood.58 Female mice did not show the same dramatic 
drop in dopamine levels following MPTP, but perinatal dieldrin 
altered dopamine transport systems in both genders. The authors 
concluded that dieldrin had altered gene transcription activity at the 
DNA level, accounting for observed changes in levels of dopamine 
transport and packaging proteins.c

Finally, pyrethroids are another class of neurotoxic pesticides 
that deserve mention. They are usually divided into type I and type 
II based on their chemical structures. Pyrethroids are in widespread 
use, and their residues are commonly present in biomonitoring stud-
ies in the general population.59 Several rodent studies have examined 
the impact of pyrethroids on dopaminergic systems in adults but few 
have examined developmental impacts. In one study, neonatal rats 
were given either pyrethrin (type I) or cypermethrin (type II) orally at 
1/10 the LD50d daily from postnatal day 6 to 15.60 They showed no 
gross evidence of toxicity or behavior changes. Activity levels were not 
different from controls at day 21 but by day 35, treated animals had 
increased levels of spontaneous activity. At day 35, dopamine content 
of the striatum was also significantly lower and evidence of oxidative 
stress was higher in treated animals compared to controls. Although 
no human data are available, this rodent study suggests that pyre-

cWhen the neurotransmitter dopamine is released into the synapse, it triggers a neuronal 
response. Dopamine is then transported back into the neuron by the dopamine transporter 
where it is repackaged into vesicles for subsequent use. If dopamine is not properly trans-
ported into the neuron or if transport into the neuron exceeds the rate of repackaging, 
excessive free dopamine may damage the neuron through oxidative stress. The concern is 
that perinatal exposures to certain chemicals, like dieldrin or PCBs, will permanently alter 
the dopamine regulatory system, making this part of the brain more vulnerable to additional 
challenges later in life. 
 
dThe LD50 is the dose that is lethal to 50% of the animals receiving that dose.
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throids, to which humans are commonly exposed, could be among the 
chemicals increasing the risk of Parkinson’s disease by permanently 
down-regulating dopamine levels after developmental exposures. 

In summary, despite remaining uncertainties and data gaps, 
the body of evidence linking pesticide exposure to Parkinson’s 
disease fulfills generally accepted criteria for establishing causation. 
Epidemiologic studies show a fairly consistent association between 
pesticide exposure and increased Parkinson’s disease risk, with 
an apparent dose-response pattern wherein larger exposures are 
associated with higher risk. These studies are consistent with 
extensive laboratory animal data, which also includes descriptions 
of underlying mechanisms of toxicity. Collectively, this evidence 
supports the conclusion that pesticide exposures can cause 
Parkinson’s disease in some people.

Polychlorinated Biphenyls (PCBs)

Polychlorinated biphenyls (PCBs) are members of a class of persis-
tent, bioaccumulative organochlorine chemicals historically used 
for many purposes, including as electrical insulators in transformers, 
lubricants, and paint additives. The EPA banned PCB manufacture 
in the U.S. in 1977 because of concerns about potential carcinoge-
nicity. Since then, numerous studies have documented other adverse 
impacts on the development and function of the thyroid and nervous 
and immune systems.61

PCBs continue to contaminate the general environment and 
food chain. Biomonitoring studies detect PCBs in the vast major-
ity of the U.S. population and levels increase with age.62 In general, 
however, since the ban environmental concentrations and serum 
levels have been declining, although highly contaminated “hot spots” 
and disproportionately exposed individuals still exist. 

Epidemiological and laboratory studies suggest that exposure 
to PCBs may be a risk factor for Parkinson’s disease. A retrospec-
tive mortality study of over 17,000 workers occupationally exposed 
to PCBs reported an excess of Parkinson’s disease –related deaths 
(nearly three times as many as expected) and dementia-related deaths 
(twice as many) in the women most highly exposed to PCBs but not 
in men.63 This gender difference finding is surprising since men are 
generally at higher risk of idiopathic Parkinson’s disease. Another 
postmortem study found higher levels of PCBs in the brains of 
people with Parkinson’s disease than in controls.64 

Animal studies show that some PCBs can reduce dopamine 
levels in the substantia nigra of nonhuman primates and rodents.65 66 
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One plausible mechanism whereby PCBs may reduce dop-
amine and increase the risk of Parkinson’s disease involves 
the induction of prolonged oxidative stress in dopaminergic 
neurons.67 68 69 In vitro studies show that PCBs facilitate 
prolonged up-regulation of heme oxygenase levels and 
release of iron, contributing to oxidative stress and cell 
damage.70 In these studies, iron chelation and blocking the 
rise in heme oxygenase reduced the impacts of PCBs.

Another plausible mechanism whereby PCBs may 
increase Parkinson’s disease risk involves changes to the 
dopamine transporter system. Mice exposed to PCBs at 
levels resulting in tissue levels similar to those in the post-
mortem brains of people with Parkinson’s disease showed 
a significant decrease in both the transporter protein and 
repackaging protein.76 (See footnote c.) The authors pro-
pose that failure to repackage dopamine normally sets the 
stage for prolonged dopamine-related oxidative stress. 

Solvents

Organic solvents are used in industry for cleaning, degreasing, extrac-
tion, surface coating, and laboratory work. They are components of 
paints, inks, glues, adhesives, and hydrocarbon fuels. The main route 
of exposure is through inhalation. Long-term exposures can be neu-
rotoxic, causing peripheral neuropathies and central nervous system 
symptoms such as mood swings; depression; headache; and impaired 
cognition, concentration, and memory.77 

Different solvents, including carbon disulfide, methanol, 
n-hexane, and trichloroethylene (TCE), have been reported associ-
ated with parkinsonism, although exposures to mixtures are more 
commonly identified in studies showing a significant relationship.78-82 

The central nervous system damage associated with solvent exposures 
includes the substantia nigra, but other areas of the brain are often 
involved. 

A recent report of two cases of acute onset of parkinsonism 
after ingestion of ethylene glycol or methanol in suicide attempts 
described hemorrhagic necrosis in the basal ganglia of the brain.83 The 
involved area is intimately interconnected with the nearby substantia 
nigra and plays a role in classic Parkinson’s disease. The nature of the 
damage described in these two cases, however, differs from classic Par-
kinson’s disease despite the similarities of neurological symptoms.
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heme Oxygenase
heme oxygenase 1 (hO-1) and heme oxygenase 2 (hO-2) are normally occurring 
enzymes that can be induced by oxidative stress and other noxious stimuli. although 
present in many tissues, hO-1 is normally present in the brain at very low levels 
compared to hO-2. these enzymes facilitate the degradation of heme proteins 
(responsible for oxygen transport in red blood cells, among other functions), 
producing biliverdin, bilirubin, and low levels of carbon monoxide (CO). 

at low levels, CO is neuroprotective*, and biliverdin and bilirubin have strong 
antioxidant properties. But free iron, which is also generated, combines with 
naturally occurring hydrogen peroxide to generate the highly reactive hydroxyl 
radical and is therefore a source of oxidative stress. 

this system is generally thought to have protective effects by increasing the 
antioxidant capacity of cells. recent data suggest, however, that chronic 
overproduction of hO-1 may actually increase rather than decrease oxidative 
stress by generating excessive iron.71 72 73 hO-1 and iron are present in the 
substantia nigra at higher levels in people with parkinson’s disease than in 
controls. hO-1 is also present at higher levels in the hippocampus of people  
with alzheimer’s disease compared to controls.74

Some neuroscientists propose that the heme oxygenase system, which normally  
has a neuroprotective function, may, under certain circumstances, actually  
increase oxidative stress and cell death by generating excessive amounts of free 
iron, a powerful oxidant. 

*High levels of CO exposure as may be caused by CO poisoning from an outside source 
may cause brain damage and symptoms of parkinsonism.75 Brain imaging studies after CO 
poisoning show widespread damage of white matter and the basal ganglia.
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Another recent report describes parkinsonism in 30 work-
ers associated with long-term occupational exposure to TCE.84 In 
an accompanying study, adult male rats dosed orally with 1000 mg 
TCE/kg body weight five days a week for six weeks developed mito-
chondrial damage and dopaminergic neuron loss in the substantia 
nigra. Alpha-synuclein inclusions were present in the substantia nigra 
and dorsal motor nucleus of the vagus nerve in treated animals.

TCE is a particular concern not only because of frequent use 
as a degreasing agent in industry but also because it is a frequent 
surface- and groundwater contaminant resulting in widespread, 
low-level exposures in the general population.85 One of the metabo-
lites of TCE, chloral hydrate, can combine with tryptamine, a nor-
mally occurring chemical that serves as a backbone for a number  
of biologically active compounds, to form TaClo.e Structurally, 
TaClo resembles MPTP, easily crosses the blood-brain barrier, and 
causes neurodegeneration and Parkinson-like symptoms in animal 
tests.86 87 The clinical relevance of this mechanism and the influence 
of low-level exposures to TCE on Parkinson’s disease risk in the  
general population are unknown. 

Metals

Exposures to metals, such as lead, manganese, iron, copper, and 
others, have been of interest since some occupational studies identi-
fied them as potential risk factors for Parkinson’s.88 89 90 91 Mecha-
nisms whereby metals may influence Parkinson’s disease risk include 
increased oxidative stress and facilitation of protein aggregation. 
Even without excessive exposures, however, abnormal transport of 
essential metals such as copper, zinc, or iron into the brain or mis-
handling of the metal within the brain may trigger these responses.92 
The following discussion will focus primarily on the potential influ-
ence of exogenous sources of metals on Parkinson’s disease risk. 

Manganese

Manganese is a micronutrient required in a number of normal 
enzymatic processes, but excessive exposures can be harmful. 
Whereas dietary levels may vary considerably, in adults homeostatic 
mechanisms regulate manganese absorption and excretion, thereby 
maintaining optimal levels. Various mechanisms are responsible 
for transporting manganese across the blood-brain barrier.93 For 
example, manganese can attach to an iron-transporter protein to 

e1-trichloromethyl-1,2,3,4-tetrahydro-β-carboline
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cross the blood-brain barrier, and when iron 
stores are deficient, brain levels of manganese 
increase. Unbound manganese can also gain 
access to the brain. Studies in rodents show 
that homeostatic mechanisms are not fully 
developed in infancy, and dietary manganese 
supplements result in elevated levels in 
the brain and decreased dopamine in the 
nigrostriatal system.94 

Soy infant formula contains about 200–
300 micrograms of manganese per liter. Cow’s 
milk formula contains 50–100 micrograms of manganese per liter and 
human milk about 3–8 micrograms per liter.95 Although in animals, 
manganese absorption is lower from soy formula than from milk 
formula or breast milk, manganese retention is quite high.96 Studies in 
term and pre-term infants also show high retention of manganese.97 
Formula-fed infants have significantly higher manganese levels in their 
hair at four months than breastfed infants, indicating higher absorp-
tion and retention.98 Initial studies of neurodevelopment in children 
exposed to high levels of manganese in drinking water (greater than 
300 micrograms per liter) show impairments in intellectual function.99 
It is entirely plausible that excessive dietary manganese exposures 
in infant humans will result in higher brain levels of manganese and 
increase the risk of neurodegenerative diseases later in life, but this has 
never been studied. 

Occupational studies show that miners can be exposed to 
elevated levels of manganese, primarily by inhalation, and they are at 
risk for movement disorders resembling Parkinson’s disease although 
other features of their illness differ.100 101 Despite some clinical simi-
larities, pathologic studies of brain tissue after excessive manganese 
exposure in adulthood show that an important part of the basal 
ganglia known as the globus pallidus is the most prominently dam-
aged, with relative sparing of the substantia nigra and an absence of 
Lewy bodies.102

Studies of metal welders who may also be exposed to manga-
nese by inhalation have been inconsistent with respect to risk of Par-
kinson’s disease. An extensive recent review concludes that many of 
the available studies are limited by methodologic issues such as lack 
of accurate exposure data, inadequate control groups, or case selec-
tion bias.103 These limitations make it difficult to determine whether 
welders are at increased risk of neurological effects and if they are, 
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whether manganese is responsible. Although existing studies do not 
provide compelling evidence of increased risk of Parkinson’s disease 
or parkinsonism among welders, the database is not sufficiently 
robust to justify dismissing the possibility, particularly in highly 
exposed or otherwise susceptible individuals. 

Two additional potential sources of manganese exposure by 
inhalation in the general population deserve mention. Methylcy-
clopentadienyl manganese tricarbonyl (MMT) added to gasoline as 
an octane enhancer may cause elevated levels of manganese in par-
ticulate air pollution. The Ethyl Corporation, which manufactured 
tetraethyl lead as a gasoline additive until its use was banned in the 
U.S. and many other countries, is promoting MMT as an alternative. 
After Ethyl Corporation’s legal challenges in response to proposed 
bans, MMT is permitted as a gasoline additive but is reportedly not 
being used by any major gasoline manufacturer in the U.S.104 

In Canada, MMT use in gasoline has been common. 
Although environmental levels of manganese are higher in high-
traffic than in low-traffic areas, blood levels of manganese in people 
do not significantly differ between the two.105 Studies in rodents and 
fish, however, show that manganese can travel directly into the brain 
from the nose along the olfactory nerve.106 Whether this occurs in 
people to any appreciable extent is unknown. 

Emissions from steelmaking industries are a second poten-
tial source of population-wide manganese exposures. A study in the 
steelmaking city of Hamilton, Ontario, reported an increased risk of 
Parkinson’s disease associated with increases in manganese content 
in particulate air pollution.107 If the finding is valid, it may represent 
either an increase in manganese-related parkinsonism or acceleration 
of the onset of true Parkinson’s disease, consistent with the theory 
that manganese further promotes the loss of dopaminergic neurons 
attributable to natural aging.108

Iron

Dietary iron is essential for a number of vital enzymatic processes 
throughout the body, including the brain, and as a component of 
hemoglobin in red blood cells. Normal myelination, neuron and 
synapse formation, and neurotransmission are highly dependent on 
normal iron availability. Excessive iron, however, can be toxic to cells. 
Iron increases levels of oxidative stress in the brain by contributing to 
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the formation of free radicals. It contributes to mitochondrial dysfunc-
tion, and in people with Parkinson’s disease may promote the forma-
tion of Lewy bodies by enhancing alpha-synuclein aggregation.109 

As a result of iron’s essential but potentially toxic role in brain 
development, function, and aging, scientists investigating both neu-
rodevelopment and neurodegeneration have extensively studied this 
metal. We do not intend to review this large literature here but rather 
to summarize findings related to potential neurodegenerative effects 
of excessive dietary iron, while explicitly recognizing the essential 
role of iron in normal brain development and function. 

Dietary Iron—Infants and Children

Iron absorption, excretion, and metabolism are tightly regulated in 
most tissues, including the brain. It is well established that iron tends 
to accumulate in the substantia nigra and elsewhere in the basal 
ganglia in all people, beginning in childhood. An imaging study of 
normal children shows that brain iron accumulation begins sooner 
and is more extensive in some than in others, but the reasons are 
unknown.110 Over time, people who develop Parkinson’s disease tend 
to accumulate higher levels of iron in the substantia nigra for reasons 
also not well understood, although chronic oxidative stress may play 
a role.111 (See the heme oxygenase sidebar.) 

Most investigators believe that this iron comes primarily from 
endogenous sources and not from excessive iron exposure. One 
theory holds that excessive iron deposition in the substantia nigra 
of people with Parkinson’s disease is the result of genetic variations 
in iron regulatory proteins.112 Some evidence, however, suggests that 
this excess iron may not entirely result from endogenous sources. 
Studies in rodents, for example, demonstrate the following: 

 Elevated dietary iron levels during the newborn period (up to three •
weeks) permanently increased brain iron levels and caused dop-
aminergic neurodegeneration in adulthood. Moreover, elevated 
dietary iron in newborn mice resulted in profoundly increased sus-
ceptibility to MPTP-induced neurodegeneration in adulthood. The 
dietary levels of iron used in this study (of mice) were comparable 
to the levels in fortified human infant formula.113

 Iron sequestered in the brain during infancy tends to stay there •
although it may be redistributed (according to a rat study).114 
Even an iron-deficient diet during adulthood does not mobilize 
previously deposited iron from the brain (rat).115
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These results suggest that excessive dietary iron, beginning in infancy, 
could increase the risk of neurodegenerative diseases later in life. 

Iron levels in human milk are fairly tightly regulated and 
largely independent of maternal iron status.116 117 Breast milk iron 
levels are about 1 mg/L at birth and fall to about 0.3 mg/L at six 
months. Similarly, lactoferrin, a breast milk protein that plays a role 
in regulating the absorption of iron from the infant intestinal tract, is 
highest at birth and declines thereafter.

Infant formulas not fortified with iron contain about 2 mg 
iron/L. Fortified formulas in the U.S. can contain as much as 12 mg 
iron/L. Iron derived from infant formula is generally not accompa-
nied by lactoferrin and is in a different form from iron in breast milk. 
As a result, iron in formula is not as well absorbed from the intestine 
as iron from breast milk. Nevertheless, absorption of iron supple-
ments is not well regulated in the young infant and can be excessive 
if dietary levels are high.118 

Excessive iron supplementation in the young infant can 
have adverse impacts on development if the child is iron replete.119 
Whether excessive dietary iron supplementation in human infants 
results in excessive brain deposition of iron is unknown. Recently, 
Betsy Lozoff from the University of Michigan reported for the first 
time that a group of children who had high hemoglobin levels at 
six months of age and were fed infant formula fortified with iron at 
12 mg/L performed more poorly on tests of spatial memory, motor 
coordination, and overall visual-motor coordination.120 This suggests 
that excessive iron may actually have adverse impacts on neurodevel-
opment in infants who already have adequate iron stores. 

On the other hand, iron deficiency is the most common 
nutritional deficiency in the U.S. and throughout the world. It is 
associated with delayed neurological development including cogni-
tive deficits. Iron deficiency in infancy may also increase the risk of 
neurodegenerative disease later in life. In a recent animal study, iron 
deficiency during development altered the expression of a number of 
genes in the developing hippocampus, including up-regulating several 
genes involved in Alzheimer’s disease.121 

Taken together, these studies make a strong case that both too 
little and too much dietary iron during infant and child development 
can be harmful. Excessive dietary iron from highly fortified infant 
formulas may not only adversely impact neurodevelopment in some 
children but also increase the risk of neurodegenerative diseases in 
adulthood, particularly in the context of additional sources of oxida-
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tive stress. For non-breastfeeding children, the American Academy of 
Pediatrics strongly recommends the use of formula fortified with iron 
at levels between 4 and 12 mg/L. Within this range, however, there 
remains considerable uncertainty and debate about optimal levels.122 

Dietary Iron—Adults: 

Several case-control studies in adults, using dietary questionnaires to 
estimate exposure levels, have looked for links between dietary iron 
and Parkinson’s disease risk. In a study of 250 people newly diag-
nosed with Parkinson’s disease and 388 control subjects in which 
participants attempted to reconstruct dietary patterns over their life-
time, those with the highest dietary iron intake from supplements or 
multivitamins had a 70 percent increased risk of Parkinson’s disease 
compared to those with the lowest intake.123 A combined above-aver-
age intake of iron and manganese was associated with a doubling of 
Parkinson’s disease risk.

In another study of 126 people with Parkinson’s disease and 
432 controls, in which a one-year retrospective history was used to 
estimate dietary patterns, those with the highest intake of iron had 
a near doubling of Parkinson’s disease risk (OR 1.94; 95% CI 1.05-
3.58).124 A third study of 104 patients and 352 controls using dietary 
questionnaires found no association with dietary iron from food or 
supplements.125

In people with Parkinson’s disease considerable uncertainty 
remains about whether iron deposition is an important contributor 
to dopaminergic neuron destruction or, rather, a manifestation of the 
disease. The most commonly held view emphasizes that iron deposi-
tion increases oxidative stress, contributing to dopaminergic neuron 
loss, and iron deposition increases as the disease progresses—creat-
ing a positive feedback loop. In summary, combinations of excessive 
iron intake, excessive deposition, and abnormal iron regulation are 
likely to influence the onset and progression of pathogenic processes 
in the areas of the brain affected in Parkinson’s disease. 

Lead

Many studies of lead exposure as a risk factor for Parkinson’s disease 
have been limited by inadequate exposure assessment. Question-
naires, job histories, and blood lead levels are poor substitutes for 
quantifying actual exposure levels over time. A recent case-control 
study of 121 people with Parkinson’s disease and 414 controls used 
bone lead measurements (via X-ray fluorescence technology), which 
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give an assessment of cumulative exposures over time. 
It found that the risk of Parkinson’s disease was sig-
nificantly elevated by more than two-fold in people in 
the highest quartile of lead exposure when compared 
to the lowest quartile.126 The findings were modified 
to some degree when age was accounted for, but age 
did not fully explain the increased risk. The authors 
concluded that occupational lead exposure is a risk 
factor for Parkinson’s disease. The mechanism(s) by 
which heavy metals, including lead, may increase 
Parkinson’s disease risk include increasing oxidative 
stress, lipid peroxidation of cellular membranes, and 
abnormal folding of alpha-synuclein protein.127 128

Air Pollution and Food Contaminants

Recent studies in laboratory animals and humans 
show that particulate air pollution increases markers 
of oxidative stress and inflammation in the brain and 
is associated with abnormal deposition of amyloid 
and alpha-synuclein.129 130 Particulate air pollution is 
likely to be a risk factor for both Alzheimer’s disease 
and Parkinson’s disease. This is discussed in more 
detail in chapter 7. 

In recent years, indoor air pollution has also received much 
needed attention as a source of potentially harmful exposures. 
Depending on building design, operations, and furnishings, indoor 
air can be contaminated with a complex mixture of chemicals, which 
can, in turn, react with each other to form novel compounds. 

No studies have specifically linked indoor air pollutants with 
Parkinson’s disease or Alzheimer’s disease. However, the type-2 alk-
enes, a group of chemicals to which people are commonly exposed 
occupationally, in indoor and outdoor air, and through dietary con-
tamination, are receiving attention as potential sources of oxidative 
stress in the brain affecting large numbers of people.131 Acrolein and 
4-hydroxy-2-nonenal are two members of this class of chemicals that 
are also generated endogenously when lipids are damaged by oxida-
tive stress. These two chemicals, in turn, add additional oxidative 
stress themselves and are hypothesized to damage synapses, ulti-
mately resulting in neuronal death. Increasingly, neuroscientists are 
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considering their potential for playing a role in Alzheimer’s disease 
and Parkinson’s disease. 

In addition to endogenous sources, however, some type-2 
alkenes are used extensively in manufacturing, agriculture, and the 
chemical industry and are common environmental contaminants. 
Acrolein, for example, is present in both indoor and outdoor air, 
commonly at levels that exceed safety thresholds.132 Outdoor sources 
of acrolein include incomplete products of fuel combustion and forest 
fires. Indoor sources include cigarette smoke, cooking fuels, and 
oxidation of emissions of volatile organic compounds from building 
materials and furnishings. 

Acrylonitrile, also a type-2 alkene, is a high volume chemi-
cal used in the manufacture of textiles, nitrile rubbers, and plastics. 
It is also a chemical intermediate in the manufacture of dyes and 
pharmaceuticals. Type-2 alkenes acrylamide and methyl acrylate 
are common dietary contaminants.133 Acrylamide, a carcinogen and 
neurotoxicant, is formed when carbohydrate-rich foods are cooked 
at high temperatures. 

The concern is that widespread environmental exposures to 
type-2 alkenes will add significantly to the impacts of those produced 
endogenously, increasing oxidative stress in the brain and thereby, the 
risk of Alzheimer’s disease and Parkinson’s disease. At the moment, 
however, the public health implications of exposures to this class of 
chemicals are unknown. 

Infectious Agents

In 1917, von Economo described a disease that emerged during 
and after pandemic influenza swept through Europe.134 He named 
it encephalitis lethargica because many of its victims experienced 
extreme lethargy, often associated with abnormal eye movements. In 
some people rigidity was prominent, and von Economo remarked on 
the clinical resemblance to parkinsonism. Later, he began reporting 
cases with features of parkinsonism that suddenly appeared years 
after the initial illness of influenza had completely cleared, whether  
it had been accompanied by encephalitis or not. 

Except for rare cases, searches for other infectious agents 
that may be responsible for parkinsonism have not been productive. 
Several more recent discoveries, however, rekindle interest in the 
possibility that infections may increase risk. They come from new 
models for studying Parkinson’s disease and may help to explain 
variable susceptibility to environmental triggers. 
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Lipopolysaccharide (LPS) is the major component of the 
cell wall of gram negative bacteria. As discussed in chapter 6, LPS 
triggers the innate immune system by interacting with the Toll-like 
receptors (TLR), initiating a pro-inflammatory response cascade. 
Laboratory studies in rodents show that, compared to controls, 
exposure to LPS during pregnancy results in offspring with lower 
levels of brain dopamine, fewer dopaminergic neurons in the sub-
stantia nigra, Lewy body–like structures in the brain, increased levels 
of pro-inflammatory markers, and microglial activation.135 136 Prena-
tal LPS exposure also permanently lowers antioxidant levels in the 
brain and renders animals more susceptible to secondary challenges 
to neurotoxicants in adulthood.137 For example, prenatal exposure 
to LPS followed by intravenous exposure to rotenone in adulthood 
causes a synergistic loss of dopaminergic cells and dopamine levels 
in the substantia nigra.138 Even adult mice given a single injection of 
LPS develop prolonged activation of microglia and progressive loss 
of dopaminergic neurons in the substantia nigra that continues long 
after LPS exposure.139 These studies support the idea that certain 
bacterial infections may increase the risk of Parkinson’s disease 
through several mechanisms. 

Finally, a recent study examined the impact of extremely low 
levels of formyl-methionyl-leucyl-phenylalanine (fMLP) on microglia 
and dopaminergic cells in tissue cultures from the brain of rodents.140 
fMLP is a chemical produced by bacteria as they invade and damage 
tissue. It is a chemo-attractor, guiding white blood cells and other cells 
involved in the inflammatory response to the site of an infection. The 
authors of the report decided to study fMLP because of its structural 
similarity to an endogenous compound in the brain that can activate 
microglia (substance P). They found that extremely low levels of 
fMLP activated microglia in the tissue culture and caused marked 
dopaminergic cell loss. This observation raises the interesting possibil-
ity that the body’s response to a number of different infections could 

“prime” the substantia nigra by activating microglia. It will require 
confirmation and further study in intact laboratory animals in order 
to judge its relevance to Parkinson’s disease risk in humans. 

Dietary Risk Factors

Diet may play a role in the origins of Parkinson’s disease by alter-
ing the oxidative balance in the brain, by otherwise increasing or 
decreasing susceptibility to neurotoxicants, or as a source of neu-
rotoxic agents. But studying the impact of diet in people presents 
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several challenges. First, investigators commonly use dietary recall or 
food frequency questionnaires to identify eating habits of study par-
ticipants. Even when the questionnaires are carefully designed, the 
risk of inaccurate recall is always a concern that grows with increas-
ing length of time of interest. This is a significant limitation for Par-
kinson’s disease, which usually has an insidious onset of symptoms 
and a long pre-clinical latency period. Recent dietary history may not 
be as relevant as eating habits long ago—even as far back as early 
development. 

A second limitation comes from considering the diet be a col-
lection of individual foods or nutrients rather than as an integrated 
whole. Single nutrient deficiencies (e.g. a vitamin) or excesses (e.g. 
saturated fat) may be relevant, but focusing entirely on specific foods 
ignores biologically relevant interactions among nutrients, increasing 
the likelihood of inconsistent, conflicting, or even misleading conclu-
sions. Alternative approaches, such as dietary pattern analysis, can 
help to address this problem.141 142

Table 1 summarizes the findings of available epidemiologic 
studies examining the influences of diet on Parkinson’s disease risk. 
Study sizes and designs differ, including methods for controlling for 
covariates, effect modifiers, and confounders. 

Three large prospective cohort studies find an increased risk 
of Parkinson’s disease with increased intake of milk. A meta-analysis 
of these three studies156 found a 60 percent increased risk in people 
who consume the largest amount of milk when compared to those 
who consume the least (80% increased risk for men; 30% increased 
risk for women). The reason for this increased risk is not clear, but 
it does not appear to be related to dairy fat or calcium. Hypotheses 
include the potential presence of neurotoxic agents in the milk, for 
example, pesticides, 157 158 and decreased uric acid associated with 
increased dairy product intake.159

The studies also suggest reduced Parkinson’s disease risk with 
higher intake of dietary vitamin E. Increases in dietary unsaturated 
fatty acids may also decrease risk. As mentioned previously, two 
of three case-control studies found an increased risk of Parkinson’s 
disease with increased dietary iron. 

The single study employing dietary pattern analysis found 
reduced risk with a diet rich in fruits, vegetables, nuts, legumes, and 
fish and low in saturated fat. Such a diet would contain abundant 
antioxidants and be less likely to stimulate a general inflammatory 
response. (See chapters 6 and 7.)

Recent dietary 
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Study Study type Sample size Dietary features 
analyzed 

Results 

etminan, 2005143 
(includes Zhang, 
2002)

Meta-analysis of  
6 case-control,  
1 cohort, 1 cross-
sectional studies

Vitamins e, C,  
beta-carotene

Dec. risk of parkinson’s disease 
with inc. dietary vitamin e

Chen, 2004144 prospective cohort 47,341 men
88,716 women

Folate, vit B6, vit B12 No effect

Chen, 2002145 prospective cohort 47,331 men
88,563 women

Food groups Inc. risk of parkinson’s disease 
with higher intake of dairy 
products in men; not in women

Chen, 2007146 prospective cohort 57,689 men
73,175 women

Dairy products Inc. risk of parkinson’s disease 
with inc. intake of dairy products, 
mostly explained by milk intake

Zhang, 2002147 prospective cohort 47,331 men
76,890 women

Foods rich in vitamins e, 
C, carotenoids;  
vitamin supplements 

Dec. risk of parkinson’s disease 
with vit. e-rich foods but not 
supplements; dec. risk with nuts

Gao, 2007148 prospective cohort 46,692 men
81,676 women

principal component 
analysis to identify  
dietary patterns

Dec. risk of parkinson’s disease 
with diet rich in fruits, vegetables, 
legumes, nuts, fish; low in sat’d fat 

De Lau, 2005149 prospective cohort 7,983 total energy, total fat, 
sat’d Fa, trans Fa, 
cholesterol, MUFa, pUFa, 
carbohydrates, dairy, 
alcohol, vit e, coffee 
(beginning one year  
prior to onset of study;  
6 yr follow up)

Dec. risk of parkinson’s disease 
with higher intake of total fat, 
MUFa, pUFa; no assoc with sat’d 
Fa, cholesterol, trans Fa 

De Lau, 2006150 prospective cohort 5,289 Dietary folate,  
vit. B6, vit. B12 

Dec. risk of parkinson’s disease 
with higher intake of B6; no 
assoc. with folate, B12

park, 2005151 prospective cohort 7,504 men Milk; dietary calcium 
(at the time of study 
initiation; follow up  
over 30 yrs.)

Inc. risk of parkinson’s disease 
with inc. milk intake; no assoc. 
with calcium

Logroscino,  
1998152

Case-control 104 cases
352 controls

Dietary iron, animal fat No effect of dietary iron; inc. risk 
of parkinson’s disease with animal 
fat intake in people with low 
transferrin saturation*

powers, 2003153 Case-control 250 cases
388 controls

Food freq. habits for most 
of adult life

Inc. risk of parkinson’s disease 
with high iron intake; higher risk 
with high iron and manganese 
intake; no assoc. with fat

Johnson, 1999154 Case-control 126 cases
432 controls

estimates of foods eaten 
in past year

Inc. risk of parkinson’s disease 
with high intake of total fat, sat’d 
fat, cholesterol, lutein, iron 

Gao, 2008155 prospective cohort 47,406 men Foods that influence 
blood uric acid level

Dec. risk of parkinson’s disease 
with inc. intake of foods that raise 
uric acid levels

*This suggested to the authors that dietary fat and abnormal iron metabolism 
might interact to increase Parkinson’s disease risk

table 1: Diet and parkinsons’s Disease risk
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Three large prospective studies and one case-control study 
found that lower plasma uric acid levels are associated with an 
increased risk of Parkinson’s.160 161 162 163 A meta-analysis of the three 
prospective studies concluded that a 1.32 mg/dl increase in plasma 
urate was associated with an approximate 20 percent decreased risk 
of Parkinson’s disease. This is plausibly a causal relationship since 
uric acid is a strong antioxidant, and oxidative stress in the brain is 
likely to play a major role in the etiology of Parkinson’s disease.

A prospective cohort study of over 47,000 men concluded 
that higher intake of foods that increase blood levels of uric acid 
result in a decreased risk of Parkinson’s disease.164 f This relationship 
remained significant after controlling for smoking, coffee consump-
tion, body mass index, and total caloric intake. 

Finally, an animal study examining the impact of polyunsatu-
rated fatty acids on susceptibility to MPTP-induced nigrostriatal 
damage deserves mention.165 For ten months investigators fed one 
group of mice a diet enriched with omega-3 fatty acids so that the 
omega-6:omega-3 fatty acid ratio was 1.19. They fed a second group 
a diet with an omega-6:omega-3 fatty acid ratio of 101:1. Each diet 
contained equal calories per gram and equal percentages of proteins, 
fats, and carbohydrates. However, the high omega-6 fatty acid diet 
was completely devoid of the omega-3’s eicosapentanoic acid (EPA) 
and docosahexanoic acid (DHA). After ten months some of the mice 
were given intraperitoneal injections of MPTP at doses known from 
previous studies to cause moderate damage to dopaminergic cells. 
When the brains were examined two weeks later, the omega-3 fatty 
acid–enriched diet had completely blunted the loss of dopaminergic 
neurons in the substantia nigra caused by MPTP. In the striatum, 
dopamine levels were significantly preserved in the group given 
the omega-3–enriched diet. This dramatic protective effect led the 
authors to conclude that low human consumption of omega-3 fatty 
acids might be an important modifiable risk factor for Parkinson’s 
disease. It is worth noting that this is different from concluding that 
excessive omega-6 fatty acids are responsible for the increased sus-
ceptibility. Both omega-6 and omega-3 fatty acids are essential in the 
diet, but high levels of dietary omega-6s combined with inadequate 
levels of omega-3s can result in an excessive inflammatory response. 
(See chapter 6.)

f The authors derived a dietary urate index by assessing intake of the following foods and 
nutrients: meat, seafood, dairy protein, individual dairy foods and dairy products, alcohol, 
vitamin C, fructose, sucrose, vegetables, legumes and soybean products, flavonoids, folate, 
coffee, caffeine. Some of these tend to increase uric acid levels (e.g. meat, fructose, alcohol) 
and others tend to lower levels (dairy proteins, vitamin C). 
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In summary, available epidemiologic and labora-
tory animal data indicate that the risk of Parkinson’s 
disease can be influenced by diet. The weight of evi-
dence points to an increased risk, primarily in men, with 
increased consumption of dairy products. Increased 
iron intake also appears to increase Parkinson’s disease 
risk although the evidence is more limited. Foods rich in 
antioxidants and polyunsaturated fatty acids and foods 
that increase uric acid levels are likely to decrease risk. 
Among the polyunsaturated fatty acids, an increase in 
omega-3 fatty acids may be particularly useful.

Obesity, Body Mass Index as Risk Factors

The results of prospective studies of the influence of obesity or  
body mass index on Parkinson’s disease risk are inconsistent.  
Table 2 summarizes the available data. Although it is tempting  
to hypothesize a connection among obesity, higher intake of dietary 
fat, and increased Parkinson’s disease risk, it must also be noted that 
dopamine plays an important role in appetite regulation and energy 
metabolism. Obesity is also associated with decreased dopamine (2) 
receptors in the brain, which may in turn influence dopamine levels 
and turnover. 

Obesity could also influence the effect of other Parkinson’s 
disease risk factors. For example, in a study in mice, obesity was 
induced by adding beef tallow to the diet.166 Obese and lean control 
animals were then exposed to low and high doses of MPTP. Obese 

Available 
epidemiologic and 
laboratory animal 
data indicate 
that the risk of 
Parkinson’s disease 
can be influenced 
by diet.

Study Study type Sample size Measurement Results 

abbott, 2002167 prospective cohort 7,990 Japanese-
american men

triceps skin fold thickness Inc. parkinson’s disease risk with 
inc. triceps skin fold thickness

Chen, 2004168 prospective cohort 47,700 men 117,062 
women

Baseline BMI; waist 
circumference; waist-hip 
ratio 

parkinson’s risk not assoc. with 
BMI; inc. risk of parkinson’s with 
inc. waist circumference and 
waist-hip ratio in never-smokers 
only

hu, 2006169 prospective cohort 22,367 men 
23,439 women

Baseline BMI Inc. parkinson’s disease risk with 
inc. BMI in men and women

table 2: Obesity/BMI and parkinson’s Disease risk
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animals had higher levels of oxidative stress and inflammatory mark-
ers than control animals. Obese animals experienced a much greater 
decline in dopamine levels in the striatum than lean animals after 
MPTP exposure, even though the toxic metabolite of MPTP, MPP+, 
was present in equal amounts in the striatum of both groups. The 
authors concluded that the neurodegenerative effects of MPTP were 
enhanced by obesity. 

Head Trauma

Studies examining head trauma as a risk factor for Parkinson’s 
disease have produced inconsistent results, but here again, long 
latencies and other study design issues are challenging to address. 
Case-control studies can be limited by recall bias; that is, people 
with Parkinson’s disease may be more likely than controls to recall 
past head trauma. Other variables may confound the relationship. For 
example, genetic makeup could influence risk-taking behavior or 
personality type, which might be related to head trauma risk. Yet, 
Parkinson’s disease as an outcome of repeated head trauma, as in 
boxers, is well known. 

At least two mechanisms other than direct injury to neurons 
in the substantia nigra could plausibly increase risk. The blood-brain 
barrier could be disrupted by head injury, allowing neurotoxic agents 
to gain access to the brain. Or, trauma could initiate an inflamma-
tory response that does not fully resolve, ultimately resulting in clini-
cally significant loss of dopaminergic neurons decades later. 

Of nine published retrospective case-control studies, five 
showed a significantly positive association between past head trauma 
and Parkinson’s disease, two showed a positive association that was 
not statistically significant, and two were negative.170 171 One prospec-
tive nested case-control study, in which the history of head trauma 
was obtained before the onset of symptoms of Parkinson’s disease, 
found a four-fold increased risk.172 A study of twins in which one 
had Parkinson’s disease and one did not found that previous head 
trauma was positively associated with the disease, and the risk was 
greater with more severe or repeated trauma.173 
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Summary

Various combinations of genetic and environmental factors are 
likely to explain most cases of Parkinson’s disease. Distinctions 
between classic Parkinson’s disease and other forms of parkin-

sonism are not always clear. Loss of dopaminergic neurons and their 
influences on other neuronal circuits are responsible for the most 
commonly recognized motor features of Parkinson’s disease. But the 
pathology of Parkinson’s disease is not confined to the brain and, in 
fact, some of the earliest changes may begin completely outside of 
the central nervous system, long before clinical symptoms appear. A 
range of timeframes may precede the development of clinical symp-
toms, including neurotoxic insults as far back as early development. 

Different mechanisms may reduce dopaminergic function 
in Parkinson’s disease. Oxidative stress is a common finding but 
whether it is essential early in the development of Parkinson’s disease 
or a later phenomenon following other triggers is uncertain. Never-
theless, virtually all environmental factors associated with increased 
risk also increase oxidative stress, to which the substantia nigra and  
its dopaminergic system are particularly vulnerable. Other relevant 
mechanisms include combinations of abnormal alpha-synuclein 
deposition, mitochondrial dysfunction, proteosome dysfunction, 
inflammation, and DNA damage. These mechanisms are not inde-
pendent and unrelated. Rather, interactive, evolving feedback loops 
consisting of combinations of mechanisms are likely to influence the 
onset and progression of disease. Each of these mechanisms can be 
set in motion by environmental factors.

Table 3 lists Parkinson’s disease risk factors discussed in this 
chapter. But, they do not exist in isolation. Most people experience 
them in interactive combinations. Their timing varies and impacts 
may be additive or synergistic, as described in the “multiple hit” 
model. Together they create conditions in which susceptibility is 
increased or decreased. For example, animal studies show that 
diet-induced obesity increases susceptibility to MPTP-induced 
neurodegeneration whereas an omega-3 fatty-acid enriched diet is 
protective. Prenatal exposures to maneb or lipopolysaccharide prime 
the brain to be much more susceptible to neurodegenerative damage 
from pesticides in adulthood. 

Given the growing list of risk factors for Parkinson’s disease 
and long latency periods between relevant exposures and clinical 
symptoms, studying them collectively becomes a nearly insurmount-
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able challenge. Imagine the difficuties inherent in studying the com-
bined impacts of lifelong diet—including excessive dietary iron in 
infancy and adulthood, dairy products, or manganese from infant 
formula—and exposures to pesticides and air pollution. Although 
studies that try to identify single risk factors in multifactorial diseases 
are valuable, we must not expect them to be able to provide definitive 
proof of the role of individual factors in complex causal networks in 
genetically diverse populations of people. Single risk factors act in a 
complicated sea of conditions that increase or decrease overall suscep-
tibility to Parkinson’s disease, Alzheimer’s disease, and the Western 
disease cluster generally. In the final chapter, we explore the option of 
a more comprehensive model of health and disease within which to 
consider decision-making intended to prevent environmental threats to 
healthy aging and promote individual and community health. 

table 3: environmental risk factors for  
parkinson’s disease or parkinsonism 
discussed in this chapter*
Increased risk potential:

 Pesticides•

 PCBs•

 Solvents•

 Dietary iron•

 Manganese •

 Lead•

 Carbon  •
monoxide

 Diet rich in dairy •
products 

 Obesity•

 Lipopolysaccharide•

 Head trauma•

 Air pollution•

 Type-2 alkenes•

 Infections•

 Diet rich in  •
polyunsaturated 
fatty acids 

 Diet rich in  •
antioxidants 

 Diet rich in  •
foods that raise  
uric acid levels 

 Coffee drinking •

 Cigarette smoking •

Decreased risk potential:

*strength of evidence varies

The pathology of 
Parkinson’s disease is 
not confined to the brain 
and, in fact, some of the 
earliest changes may begin 
completely outside of the 
central nervous system, 
long before clinical 
symptoms appear.
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In the preceding chapters we reviewed much of what is known 
about the underlying causes of the two most common neurodegen-
erative diseases, with particular attention to modifiable environ-

mental contributors. We also identified links to a cluster of common 
Western diseases and environmental threats to healthy aging more 
generally. This final chapter summarizes what we have learned and 
what it suggests about how to respond—individually and collectively. 

Much of what we discuss in this chapter is not new. It draws 
on the work of others from the fields of medicine, public health, evolu-
tionary biology, environmental health, and ecology—and it draws on 
common sense. What may be new, however, is the urgency of adopting 
a far broader “ecological” vision of what is required to achieve healthy 
aging. Preventing or slowing the progression of neurodegenerative 
diseases is an additional reason to take actions that have already been 
recommended for reducing the risks of diabetes, obesity, cardiovas-
cular disease, and some kinds of cancer. Moreover, interventions that 
address the structural, systemic origins of these conditions, across the 
human lifespan, can be designed to benefit ecosystems more generally, 
thereby linking healthy aging to planetary healing. 

No single strategy is likely to be highly effective. Since these 
diseases are heterogeneous in origin, multiple interventions will be 
necessary to reduce their burdens. The good news is that interven-
tions likely to be beneficial are achievable and afford multiple entry 
points into the cascade of events leading to degenerative disease and 
disability. It may take time to see results, but this should not be used 
as an excuse to delay. 

In this chapter we will summarize our key findings, describe 
what we mean by an ecological strategy to achieve healthy aging, and 
conclude with policy recommendations based on such a strategy. It is 
true that much depends on actions and choices made by individuals. 
But it is also true that actions of individuals have not been sufficient 
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to meet health-related goals and create a healthy society. Indeed, 
some trends are headed in the wrong direction. Our lives are deeply 
embedded in larger structures that strongly influence or limit individ-
ual choices. For this reason, in order to think strategically, we must 
use an ecological framework or model that includes a more complete 
reality of the world and how we live in it. 

We hope this effort will encourage others to draw their own 
conclusions and recommend or develop their own strategic inter-
ventions in support of healthy living throughout all stages of life. 
Successfully addressing the expected upsurge in age-related health 
conditions will require the best efforts from all of us. 

What have We Learned? 

In the preceding chapters we described an emerging, unifying 
framework for understanding two neurodegenerative diseases and 
related conditions. The framework has multiple levels, from sub-

cellular to society as a whole, as well as multiple dimensions: bio-
logic, social, economic, and cultural. 

At the micro-level, key processes of inflammation and oxida-
tive stress play critical roles in the development and progression of 
Alzheimer’s disease and Parkinson’s disease. These processes are also 
linked to diabetes, obesity, cardiovascular disease, and cancer, among 
others, so that we can begin to think of common mechanisms that 
underlie prevalent disease patterns and not just individual diseases. 

These cellular and sub-cellular processes of oxidative stress 
and inflammation are influenced by variables at the level of the indi-
vidual, community, and society: how and where we live, eat, work, 
play, and travel; social networks; community wellbeing; and income 
disparities, among others. Individuals can often make choices that 
will help prevent or slow the onset of neurodegenerative conditions, 
but community-wide features of the shared environment must also  
be addressed. Diseases involving excessive oxidative stress, inflam-
mation, and other relevant pathologic mechanisms are not only  
diseases of individuals but also of communities and societies. And 
the diseases of old age do not usually begin in old age. They are 
influenced by many variables throughout the lifespan.

Many technologies introduced in the past 50–100 years drive 
inflammatory pathways and excessive oxidative stress. Trends in 
agriculture, food production, and nutrition—including factory farm-
ing, fast food, and processed foods—have created a pro-inflammatory 
nutrient profile. The material economy is infused with toxic chemicals 
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in products and practices that drive these and 
other underlying biological aspects of neurode-
generation and many other diseases. Transpor-
tation adds significantly to air pollutants that 
cause inflammation and oxidative stress. Socio-
economic stress and loss of social networks add 
to the burden. Complex interactions among 
these variables create the conditions from which 
today’s patterns of disease emerge. 

the ecological health Framework 

Individual behavior and environmental  
exposures influence health, but family-, community-, and societal-
level features are also expressed in individuals, even at the cellular 

and sub-cellular levels. Here are some examples: 

 Socioeconomic status has an effect on the risk of coronary heart •
disease, independent of other risk factors such as smoking or diet.1 

 One study showed that children with asthma in low-income •
families have higher baseline levels of markers of inflammation 
than children with asthma in higher income families.2 Another 
showed that, among children with asthma, poor children have 
more symptoms in response to traffic density than better off 
children in the same neighborhood.3 

 Children who are small at birth have increased levels of markers •
of oxidative stress in their blood, and these changes appear to 
persist into later childhood.4 Low–birth weight children are also 
at increased risk of developing diabetes and obesity later in life. 
This is generally thought to be due to fetal programming that 
permanently sets neuroendocrine and metabolic systems in such 
a way that the fetus developing in a nutrient poor environment is 
less able to adapt to a nutrient- and calorie-rich environment after 
birth. Some scientists believe that the changes associated with 
low birth weight also increase the risk of Alzheimer’s disease later 
in life.5 If this is true, then risk factors for low birth weight—for 
example, maternal nutrition and adverse maternal fatty acid pro-
files,6 maternal age, ethnicity, smoking status, air pollution,7 8 and 
neighborhood characteristics,9 among many others—contribute to 
the risk of dementia in offspring decades later. 

Many technologies 
introduced in the 
past 50–100 years 
drive inflammatory 
pathways and 
excessive oxidative 
stress.



p a g e  1 8 2  E n v i r o n m e n t a l  T h r e a t s  t o  H e a l t h y  A g i n g

Greater Boston Physicians for Social Responsibilit y and Science and Environmental Health Network

Researchers are increasingly aware that we must look at 
multiple levels for explanations of diseases and disease patterns. 
Expanded models, sometimes called eco-social, bio-eco-social, or 
ecological frameworks or paradigms, are attempts to capture this  
awareness. These frameworks fundamentally embed health in  
the context of the larger community, society, and ecosystem.10 11  
Moreover, the ecological framework not only embodies an  
expanded, interconnected worldview, but also suggests new 
approaches to research into the origins of disease and disease  
patterns, as well as policy interventions likely to improve health. 

The causes of cases of diseases in individuals are not neces-
sarily the same as the causes of incidence or patterns of diseases in 
populations. Patterns of disease are established by the distribution 
of risk factors throughout a population, but an individual’s risk of 
a disease is influenced by individual susceptibility and the specific 
aggregation of risk factors in that person. For example, in some 
people with Parkinson’s disease, pesticides are likely to have played a 
larger role than in others. Similarly, in some people with Alzheimer’s 
disease, air pollution or diet is likely to have played a larger role than 
in others. Consequently, the effect of population-wide interventions 
on specific individuals will remain uncertain. 

Nevertheless, even modest reductions in risk factors at the 
population-wide level can have major public health benefits. This is 
particularly true when a large fraction of the population is exposed 
to the hazard. Then, even a small reduction in disease risk can 

Figure 1: Ecological Model of Health/Disease
This model emphasizes the progressive nesting of individuals within families within communities 
and finally within ecosystems. Variables at any level can directly or indirectly influence measures 
of health at any level. Influences may be identifiable in individual markers such as blood pressure, 
atherosclerosis, and inflammatory mediators. Or they may be identifiable in neighborhood- or 
community-level markers such as disease patterns or socioeconomic gradient. The ecological 
framework implies far less distinct boundaries across levels than our medical, public health,  
and environmental health institutions generally acknowledge.

IndividualRelationshipFamilyCommunitySocietalEcosystem
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translate into a large number of cases avoided. For example, in 2002 
a large controlled study of health effects associated with hormone 
replacement therapy concluded that treated women had a 26% 
higher risk of developing breast cancer than controls.12 (The hazard 
ratio was 1.26; 95 percent confidence interval 1.00-1.59.)a When that 
information was publicized, prescriptions for hormone replacement 
therapy plummeted nationwide. Breast cancer surveillance data show 
a drop in post-menopausal breast cancer incidence beginning soon 
thereafter, with an estimate of approximately 14,000 fewer cases in 
2003 compared to 2002.13 For each individual woman, the excess 
risk of breast cancer from the therapy was estimated to be small, but 
at a population wide level, the impact quite large. Even though some 
uncertainty persists, most commentators believe that the decline in 
hormone replacement therapy is responsible for the drop in breast 
cancer incidence in post-menopausal women. 

Keeping this experience in mind helps when thinking about 
potential public health benefits of interventions intended to address 
diseases of aging addressed in earlier chapters. For example, as dis-
cussed in chapter 8, although we will never have data from a con-
trolled trial, considerable evidence shows that it is highly likely that 
pesticide exposures increase the risk of Parkinson’s disease. Since a 
large portion of the general population is exposed to pesticides, even 
if the increased risk conferred by them were modest, a sharp reduc-
tion in exposures would likely result in a decrease in Parkinson’s 
disease within the population.b 

Similarly, we predict that population-wide shifts toward the 
Mediterranean diet would significantly decrease the incidence of dia-
betes, obesity, cardiovascular disease, and Alzheimer’s disease. That 
does not mean that everyone eating a Mediterranean diet will be 
spared from these conditions. In some people, other risk factors may 
be determinative, regardless of diet. But from a public health perspec-
tive, that kind of dietary modification is highly likely to be beneficial 
and can easily be supported by the evidence. 

Finally, the ecological framework also reminds us that, in 
some individuals, risk factors of modest size in populations can 

a The report also noted increases in the risk of heart disease, stroke, and blood clots.

b Changes in exposure patterns will depend on the nature of interventions. Fundamental 
shifts in agricultural practices will be necessary to protect agricultural workers and com-
munities who are among the most highly exposed groups. Shifts in pest control practices in 
housing will be necessary to protect tenants who often have little control over pesticide use. 
Population-wide decreases could shift high exposure groups into moderate level exposures 
and moderate exposure groups into low level exposures. Reductions in pesticide exposures 
are also likely to reduce a number of other diseases and disabilities linked to pesticides not 
discussed herein.
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be much more significant when they occur 
together with others. For example, poverty, 
dietary iron deficiency, and lead exposure 
are independent risk factors for cognitive 
impairment in children. When they occur 
together, they act as effect modifiers, meaning 
that the presence of one or more increases 
the impacts of another. The consequences 
of lead exposure are worsened by iron defi-
ciency because lead uptake from the intestine 
and lead deposition in the brain increase.14 15 
Moreover, a child living in poverty, exposed 
to lead, and eating a diet deficient in iron is 
not only unlikely to achieve full neurodevel-

opmental potential but also may be at increased risk of earlier and 
more severe cognitive decline later in life. 

applying the ecological health Model to aging  
and Neurodegenerative Disease

Despite remaining uncertainties about which are causes and 
which are consequences of disease progression, considerable 
evidence shows that the mechanisms of inflammation and oxi-

dative stress are intimately involved in the cascade of events leading 
to the onset of Alzheimer’s and Parkinson’s diseases. An ecological 
perspective calls our attention to how factors at many levels (individ-
ual, family, community, societal, ecosystem) can pathologically up-
regulate oxidative stress and inflammation and thereby influence risk 
in individuals and patterns of disease in populations. We can also see 
why the age-adjusted incidence and prevalence of Alzheimer’s disease 
may vary from one society to another, depending on the distribution 
of risk factors within them.c

Attempts to diagram such a framework, however, often end 
up with an “arrow salad” in which it appears that everything causes 
everything else. Such complex interconnections make it difficult to 
quantify with certainty the extent to which a single variable contributes 
to a particular outcome.

With conditions like diabetes, cardiovascular disease, cancer, 
and in all likelihood, Alzheimer’s disease and Parkinson’s disease, 

c It may or may not be true that the incidence and prevalence of Parkinson’s disease varies 
similarly but data are not sufficient to draw any conclusions. 

The ecological 
framework 
reminds us that, in 
some individuals, 
risk factors of 
modest size in 
populations can 
be much more 
significant when 
they occur together 
with others.
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Farm-to-School, Farm-to-hospital 
Food programs 

The nature of the american diet has changed 
dramatically over the past 50–100 years. Most 
of today’s food production and distribution 

system depends heavily on large inputs of fuel, 
chemicals, and fertilizer. trends in chronic disease 
and ecosystem health are significantly linked to that 
system through nutritional deficits and imbalances; 
chemical contamination of food, water, soil, and 
air; loss of biodiversity and habitat; and hardship in 
rural communities.

In recent years, efforts to strengthen supply and 
demand for nutritious, locally produced food have 
found rapidly growing opportunities in farm-
to-school and farm-
to-hospital programs. 
Many schools and 
hospitals are now 
featuring fresh farm 
foods, often certified 
organic or produced in 
ways more ecologically 
sustainable than 
typical in high-input, 
industrialized agricultural 
systems. these programs 
have several objectives 
and address multiple 
problems. 

Farm-to-school programs improve student nutrition 
and can help educate students about the links 
between nutrition and health. this is increasingly 
urgent given current trends in obesity, diabetes, heart 
disease, alzheimer’s disease, and cancer, each of 
which is linked in varying degrees with lifelong eating 
habits that are established early. In addition, students 
can learn about the connections between food 
production methods and the health of ecosystems. 

Farm-to-hospital programs provide nutritious food to 
patients, staff, and visitors. More than 120 healthcare 
facilities in 21 states have signed “the healthy Food 
in health Care pledge,” committing to increase local 
purchasing and offerings of fresh fruit and vegetables 
and meat and milk produced without the use of 
hormones or antibiotics. 

In some cases, hospitals provide space for 
local farmers’ markets, improving access of 
neighborhood residents to locally produced, 
nutritious food. For example, Kaiser-permanente 

now hosts more than 20 farmers’ markets at its 
healthcare facilities in several states. these may 
be the only readily available source of fresh, 

nutritious food in 
neighborhoods 
with no nearby 
supermarkets. 
programs that bring 
more nutritious food 
into hospitals are also 
a highly visible signal 
that the medical 
sector takes seriously 
the connections 
between health and 
nutrition. Finally, 
these programs 
offer reliable, stable 
markets for small 

farmers, thereby helping the local economy. 

these programs do even more. By emphasizing the 
connections among nutrition, human health, and 
the health of the land, they add to the incentives 
and pressures for more widespread, fundamental, 
and sustainable changes in food production, 
marketing, and distribution. 

Resources:
The National Farm to School Program is a collaborative 
program of the Center for Food and Justice at Occidental 
College and Community Food Security Coalition. For more 
information, see http://www.farmtoschool.org/aboutus.php.
Farm-to-hospital programs are featured in the work of 
Health Care Without Harm, an international campaign 
working to transform the health care sector so that it is  
no longer a source of harm to people or the environment. 
For more information, see http://www.noharm.org.

FOOD for
THOUGHT

In recent years, efforts to strengthen 
supply and demand for nutritious, locally 
produced food have found rapidly growing 
opportunities in farm-to-school and farm-
to-hospital programs.

Kaiser-permanente now 
hosts more than 20 farmers’ 
markets at its healthcare 
facilities in several states

These programs 
offer reliable,  
stable markets 
for small farmers, 
thereby helping the 
local economy.
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we need to rethink what we actually mean when we say that some 
particular variable “causes” the disease to occur. In multi-factorial 
diseases single factors are rarely fully explanatory, and proving cau-
sation can be difficult indeed. Yet, in order to prevent the onset or 
progression of these illnesses, individuals and public policy decision-
makers often must act without absolute proof of the role of each 
variable. Sixty years of “tobacco science,” during which tobacco 
company scientists and executives argued that there was no proof 
that cigarettes caused lung cancer, should have taught us that to wait 
for absolute proof is to wait too long. 

The good news is that the multiplicity of contributing factors 
provides multiple entry points for beneficial interventions. The eco-
logical framework shows that many risk factors can be addressed at 
multiple levels. For example, both increased exercise and decreased 
caloric intake will help to reduce obesity. These can be addressed 
through individual behavioral change and through action at the 
community level to ensure that sidewalks, bicycle paths, parks, safe 
neighborhoods, and nutritious food are accessible and available to 
all. In complex systems, although we can never predict all of their 
results, interventions can be guided by principles, available evidence, 
and monitoring for consequences—unintended as well as intended. 

Knowing about effect modifiers is also helpful for guiding 
the design of policy interventions. For example, a recent cross-
sectional study of 1,375 men and women reports that narrowing 
of the carotid artery because of atherosclerosis is inversely associ-
ated with cognitive function, but only in those participants of low 
socioeconomic status.16 In other words, low socioeconomic status is 
an effect modifier of carotid artery narrowing, increasing its detri-
mental impact on cognitive ability. One potential explanation for 
this finding is lack of brain reserve or plasticity in individuals of 
low socioeconomic status. Whatever the biologic underpinnings, 
the study suggests that efforts that successfully decrease risks of  
atherosclerosis will be especially helpful in people of lower socio-
economic status. But it also means that cognitive function can be 
preserved by decreasing the socioeconomic gradient. We do not 
need to choose between the two and may actually identify interven-
tions that address both. 

We should not hesitate to identify multiple opportunities to 
reduce the drivers of oxidative stress and inflammation—including 
diabetes, obesity, chemical exposures, and socioeconomic dispari-
ties—at multiple levels, in individuals and the population as a whole. 
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No risk factor should be exempt. We can confidently predict that, 
when successful, these efforts will have beneficial effects on multiple 
diseases and disabilities. 

Creating More Stable Conditions for health

Borrowing from the field of ecology, it may be useful to think of 
the systems in which we live as basins shaped by certain condi-
tions that tend to be self-reinforcing. Some sets of conditions—

represented in Figure 2 as Basin A—are likely to promote health, 
while others - Basin B - are not. A person or group’s location within 
a given set of system conditions will be a strong determinant of how 
precarious their circumstances are, and that can change over time. The 
conditions and residents of healthy Basin A provide ongoing oppor-
tunities for primary and some secondary disease prevention. In Basin 
B, the emphasis must be on early detection and treatment of disease, 
although there will be some opportunities for secondary prevention.d

The system conditions that shape each basin may change. 
For example, changes in weather patterns, crop failures, armed 
conflict, economic instability, or epidemic disease can cause abrupt 
changes in system conditions, making system inhabitants suddenly 
vulnerable to disease or injury from which they were previously 

d By primary prevention, we mean prevention of the onset of a disease process. Secondary 
prevention refers to preventing complications from a disease process that is already initiated.

Figure 2: 
Graphic depictions of dynamic 
systems comprised of collections 
of ecosocial variables in which 
individuals and communities 
live. In the field of ecology these 
are called basins of attraction 
and the bottoms of the bowls 
are the attractors.17 See text for 
further explanation. 
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buffered (Basin A becomes small and shallow). System conditions 
can also change more slowly, and as they do, shifts in health and 
wellbeing are likely, with the most vulnerable being the first to 
experience consequences of the change. 

Two general approaches can maximize the likelihood that 
individuals and communities will remain in Basin A: 1) move them 
away from the precarious Basin B threshold or 2) change the shape 
of Basin A so that it is deeper and wider and fewer people find them-
selves near the Basin B threshold. 

Medical practice tends to focus on moving individuals away 
from the threshold in basin A and responding once they have crossed 

into Basin B. Public health practice adds attempts to change 
the shape and size of Basin A so that fewer people find 
themselves near the threshold and struggling in Basin B. A 
combination of individual and system-wide approaches can 
build resilience, making the  unhealthy sink less available 
and maximizing opportunities for remaining in the health-
promoting system. An ecological approach addresses both 
individual actions and societal conditions.

A large number of changes that have occurred in the U.S. and 
much of the industrially developed world over the past 50–100 years 
have sufficiently altered conditions so that more people are living 
precariously near or beyond threshold conditions that collectively 
foster many of today’s prominent diseases, including those discussed 
in this report. Our task, then, is not only to respond to the medical 
and social needs of people in or headed toward basin B, but to try  
to optimize system conditions so that fewer people find themselves  
at risk. 

Three further premises must guide our decisions:

 Human existence requires living within the regenerative capacity of •
the biosphere. Objective data overwhelming support the conclusion 
that human activity on the planet already exceeds that capacity and 
has for some time.18 

 Organizing human existence on earth in ways that are sustain-•
able and just and that acknowledge and respect universal human 
rights is both desirable and possible. In a world of intricate inter-
dependencies, the quality of life of all people must be considered 
when making decisions. For example, agricultural policies that do 
not take into account food access and the economic security of 
farmers in developing countries are neither sustainable nor just. A 
large body of literature shows that the position of an individual, 

Human existence 
requires living 
within the 
regenerative 
capacity of the 
biosphere.
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health, Wealth, and poverty

Nancy adler from the University of California, San Francisco and 
many of her colleagues have gathered a wealth of publicly available 
information describing the medical and public health implications of the 

socioeconomic ladder and its steepness.21 Many health disparities are directly 
related to conditions of life at various positions on the ladder. people at the 
bottom are often poorly educated, unemployed or in low-wage jobs, have little 
savings and other resources to rely on, and live in substandard conditions. these 
lives are stressful. Stress is caused both by adverse circumstances and limited 
ability to alter them because of lack of control and limited resources. people living 
lower on the socioeconomic ladder are at higher risk of heart disease, diabetes, 
obesity, hypertension, and most kinds of cancer. they also tend to have higher 
levels of markers of inflammation, which is likely to help explain these higher 
risks.22 23 For a variety of reasons, people lower on the socioeconomic ladder are 
also likely to have less education, which increases the risk of alzheimer’s disease/
dementia and its consequences. In other words, the diseases of the Western 
disease cluster are over-represented in people lower on the ladder. 

In the World Values Survey, including forty countries, americans were much more 
likely than europeans (71 percent v. 40 percent) to agree with the statement 
that the poor could escape poverty if they worked hard enough.24 25 this may 
reflect the strong cultural individualism dominant in the U.S. since its origins. It 
may mean that we generally have little interest in attacking the root causes of 
poverty with public resources. It may also signal that we have limited interest 
in using public resources to close the gap at any level. But, the disparities in 
health are not confined to people living in poverty. they are present at every 
level of the socioeconomic ladder. thus, as the gradient becomes steeper and 
the ladder longer, the disease burden attributable to income inequalities will 
continue to grow. a decrease in social capital in large groups of people who are 
marginalized is likely to accompany increasing inequalities. Less social cohesion 
coupled with the demographic shifts outlined in chapter 1 will almost certainly be 
a recipe for less healthy aging. We are ill prepared to deal with the consequences 
of these trends, and yet objective data make clear what lies ahead.  

two kinds of policies are required to eliminate socioeconomic disparities and 
their health consequences.26 the first is policies that directly reduce disparities 
and make it easier for everyone to move up the ladder. examples include 
access to high quality education, starting in early childhood; increasing the 
number of households with adequate income through a variety of means 
including tax policies; and improving access to opportunities for new or 
enhanced job skills. a second kind of policy blunts the consequences,  
including health risks, associated with position on the socioeconomic ladder. 
this includes, for example, ensuring universal access to health care, ensuring 
affordable, safe, and healthy housing and neighborhoods; limiting workplace 
exposures to physical hazards, chemicals, and psychosocial stress, providing 
for more worker- and family-friendly work environments; providing leave time 
for family illnesses and emergencies; and ensuring that all individuals and 
neighborhoods have access to nutritious food. 

Disparities in 
health are not 
confined to people 
living in poverty. 
They are present 
at every level of 
the socioeconomic 
ladder.

FOOD for
THOUGHT
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family, or neighborhood on the socioeconomic ladder is  
consistently a strong predictor of health. (See “Health, Wealth, 
and Poverty.) Illnesses and environmental degradation related 
to poverty and socioeconomic disparities have consequences for 
society at large, nationally and internationally. 

 Disease prevention should be raised to a much higher priority •
than is reflected in current policies that overwhelmingly direct 
resources toward early diagnosis and treatment. Primary pre-
vention can have a large return on investment19 and can reduce 
the environmental and public health impacts of the healthcare 
industry itself.20 

These premises are interdependent and they are not really 
optional if long term human survival with lives of quality is a goal.  
Vast and growing numbers of the world’s population are entering a 
period of unprecedented challenges to health, security, and survival. 
No sector of society or institution can ignore these issues as they plan 
future activities

policy Interventions

The following are basic areas we believe must be addressed  
at societal levels. Important, highly relevant recommendations  
at a personal and family level follow in Approaches to  

Healthy Living. 
Rather than be prescriptive, we provide a few examples.  

We hope that others working in these sectors and at all ecosystem 
levels will participate in co-creating a new framework for health.

1) Nutrition:
Healthy nutrition is essential, beginning with fetal development and 
continuing through infancy, childhood, adolescence, and all stages 
of adulthood into the elder years. Lifelong nutrition is strongly 
connected with health in later years. Our Approaches to Healthy 
Living spell out many dietary recommendations for individuals. 
What follows are additional important considerations. Given all we 
know about the origins of the diseases of aging, it is appropriate to 
focus many of our recommendations on the beginning of life. 

Community, Workplace 

 Communities should ensure that all residents have access to •
healthy foods and not live in “food deserts” where they can only 
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buy processed and packaged foods. Recently, a community in 
Los Angeles, CA banned additional fast food restaurants and is 
encouraging healthier alternatives.27

 Maternal and child health policies and programs, starting with •
prenatal education and through programs like Women, Infants and 
Children (WIC) and food stamps, should prioritize optimum nutri-
tion. Hospital personnel and healthcare providers should be edu-
cated about the benefits of exclusive breast feeding for the first six 
months of life and institute comprehensive supportive programs. 
No hospital should send new parents home with gift packs contain-
ing infant formula. That practice, no matter how well-meaning, is 
associated with decreased length of breast feeding.28 Workplaces 
could be strongly encouraged to make accommodations for moth-
ers to breast feed their infants after returning to work. 

 Communities should consider requiring fast-food restaurants to •
prominently display caloric content of menu items. A recent study 
shows that this practice results in fewer purchased calories.29 

 Various school-based obesity intervention programs have been •
tried.30 No one program design has proven best and to some 
extent, optimal programs will depend on specific demographics 
of the population, school setting, and other local details. For that 
reason, school boards and officials should undertake a review of 
available data and adopt programs best suited to their circum-
stances. School vending machines should not sell unhealthy pro-
cessed, high-calorie, snack food.

 Healthy food as outlined in the • Approaches to Healthy Living 
should be served at hospitals, nursing homes, and other places 
where the aged and other vulnerable groups spend time.

 Community gardens, farmers markets, food coops, community •
supported agriculture (CSA) organizations, and “buy local” 
campaigns help promote local, diversified, sustainable, and 
nutritious food production and foster community relationships. 

National 

 Farm policies should not subsidize those foods or agricultural •
practices that contribute to obesity, diabetes, cardiovascular dis-
ease, and cognitive decline. Rather, agricultural subsidies should 
be directed toward programs and practices that provide sufficient 
nutritious, sustainably produced food and restore ecosystems that 
have been degraded by agricultural activities. 
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 Establish and support a research agenda intended to identify •
climate-friendly agriculture(s) that use less energy, require fewer 
inputs, and reduce water use. The specifics of appropriate agri-
cultural models are highly dependent on place. However, certain 
underlying principles can be established and serve as guides.31 

International 

 Trade policies should foster sustainable food production, worker •
protection, and replenishment of natural resources. 

 Technology sharing between donor and developing states with a •
focus on sustainable practices should be emphasized.

2) toxicants:
Chemical trespass, whereby people are exposed to hazardous substances 
unknowingly or against their will, beginning in the womb and continu-
ing throughout life, should not be tolerated. We should make every 
effort to prevent exposures, replace toxicants with safer alternatives, and 
minimize exposures especially to the most vulnerable populations.

Community, Workplace: 

 Adopt community-wide policies, including in schools, other •
public buildings, senior centers, nursing homes and other facilities 
that support or care for the elderly, that discourage or prohibit 
unnecessary use of pesticides, including for cosmetic purposes; 
promote Integrated Pest Management. 

 Assess, monitor, and remediate hazardous waste sites; inventory •
and publicize sources of hazardous emissions. 

 Promote lead paint testing and abatement in residences; promote •
childhood lead screening. 

 Workplaces should commit to providing appropriate information •
and protecting workers by eliminating hazardous materials from 
use when safer alternatives exist; fully protect workers when haz-
ardous exposures may occur. 

 Develop and promote “green” jobs and industries. •

 Commit to increasing community waste reduction and recycling •
efforts; set goals, monitor, adjust strategies.

 Promote public transportation to decrease fuel consumption and •
air pollution. 

People are 
exposed to 
hazardous 
substances 
unknowingly 
or against their 
will, beginning 
in the womb 
and continuing 
throughout life.
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National: 

 Pre-market safety evaluation of pesticides should require assess-•
ment of impacts on the developing nervous system. 

 Non-pesticidal industrial chemicals are currently regulated under •
the Toxic Substances Control Act (TSCA). For more than 25 
years TSCA has failed to protect people, wildlife, and the general 
environment from exposures to hazardous chemicals.32 In fact, 
TSCA has helped to create and maintain data, safety, and technol-
ogy gaps, rewarding ignorance and failing to provide incentives 
for development of safer materials.33 National chemical policy 
reform is essential and elements of reform should include34: 

 Require safer substitutes and solutions. Seek to eliminate the •

use and emissions of hazardous chemicals by altering pro-
duction processes, substituting safer chemicals, redesigning 
products and systems, rewarding innovation and re-examining 
product function. 

 Phase out persistent, bioaccumulative, or highly toxic chemicals. •

 Give the public and workers the full right-to-know and par-•

ticipate: Provide meaningful involvement for the public and 
workers in decisions on chemicals. Disclose chemicals and 
materials, list quantities of chemicals produced, used, released, 
and exported, and provide public/worker access to chemical 
hazard, use and exposure information.

 Act on early warnings: Prevent harm from new or existing •

chemicals when credible evidence of harm exists, even when 
some uncertainty remains regarding the exact nature and mag-
nitude of the harm.

 Require comprehensive safety data for all chemicals: For a •

chemical to remain on or be placed on the market manufactur-
ers must provide publicly available safety information about 
that chemical. This is the principle of “No Data, No Market.” 

 Take immediate action to protect communities and work-•

ers: When communities and workers are exposed to levels 
of chemicals that pose a health hazard, immediate action is 
necessary to eliminate these exposures. No population should 
be disproportionately exposed to hazardous chemicals.

 Prioritize clean, sustainable energy production from renewable •
sources; promote energy conservation
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International: 

 Support the United Nations Environment Program’s Strategic •
Approach to International Chemicals Management (SAICM). SAICM 
was developed by a multi-stakeholder committee and supports the 
achievement of the goal agreed at the 2002 Johannesburg World 
Summit on Sustainable Development of ensuring that, by 2020, 
chemicals are produced and used in ways that minimize significant 
adverse impacts on the environment and human health.35 

 Support efforts to sharply curtail green house gas emissions,  •
mitigate climate change, and reduce hazards associated with 
energy production. 

3) exercise, physical activity
Regular exercise and physical activity is essential to good health and 
should be encouraged and supported at all ages. 

Community: 

 City programs, planning, and development should reflect an •
understanding of the health-promoting, disease-preventing quali-
ties of regular exercise and provide safe recreational areas for all 
ages and neighborhoods. Development and maintenance of green 
spaces and parks based on design principles that have been dem-
onstrated to work will increase their use for exercise.36 

 Physical education should be promoted and protected in school •
curricula. Exercise should be part of regular routines at facilities 
that support and care for elders. Nursing homes, assisted living, 
and other care facilities should incorporate outdoor exercise 
areas into their designs. 

 City planners should explore options for discouraging driving in •
towns and cities; build bike paths and commit to sidewalk main-
tenance, repair, and lighting. Public transportation systems should 
complement and interface with pedestrian walkways and bike paths.

 Employers should be encouraged to promote walking and cycling •
to work and to provide opportunities for employees to walk and 
exercise during breaks.

National: 

 Search for and eliminate transportation subsidy programs that •
might create disincentives for physical activity and exercise. 
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4) Cross-cutting Solutions
Some policy interventions are cross-cutting, addressing mul tiple risk 
factors simultaneously. For example: 

 Encouraging more localized, diversified, and sustainable food •
production rather than factory farming would enhance nutrition, 
strengthen local economies, reduce reliance on pesticides, and mini-
mize the use of fossil fuels for long distance transport. This would 
reduce air and water pollution as well as greenhouse gas emissions. 

  Transitioning to clean, renewable energy and reducing fossil fuel •
consumption in general would drastically reduce air pollution and its 
multiple adverse health impacts, while undercutting a host of harm-
ful chemical exposures related to production, transport, and use of 
fossil fuels. Prioritizing the development of energy-efficient mass 
transit systems that interface with bike paths and sidewalks would 
save energy while  minimizing air pollution and combating obesity. 

 Reducing use of toxic substances in the home, workplace, and •
community through “safer substitute” programs and green prod-
uct design can reduce exposures that contribute to neurodegen-
eration and many other chronic diseases, reduce ecosystem and 
wildlife contamination, and create new jobs. 

 Reducing socioeconomic disparities and making certain that all •
people have access to affordable health care, as a right and a 
matter of decency, will reduce the general chronic disease burden 
and help to alleviate its consequences for individuals and society.

These recommendations are only examples of interventions that 
would help to address the oncoming wave of age-related chronic 
disease. They obviously cut a wide swath through many features 

of contemporary society and sound like part of a more comprehensive 
environmental public health agenda—yet they are exactly what’s 
needed. Enough evidence is in to make that case. 

We do not underestimate the breadth of these ideas. The ways 
that we are growing our food, what we are eating, the toxic chemi-
cals we are exposed to, the way that we are organizing and building 
our houses and communities, moving around, working, and spending 
leisure time are directly related to the chronic disease burden that we 
face—individually and collectively. This suggests many opportunities 
for interventions which alone may only be piecemeal, but collectively 
add up to real change.
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Resistance is certain. Interest groups benefiting from the status 
quo will lay blame elsewhere and conflate scientific uncertainties with 
“junk science.”37 38 They will demand absolute proof before acceding 
to demands for preventive action. The proposed ban on additional 
fast food restaurants in a Los Angeles community drew criticism for 
intervening in personal choice, singling out one kind of restaurant, 
not going far enough, and failing to address other causes of obesity.39 
Yes indeed, obesity is a result of many variables, and we can only 
hope that this effort will be combined with others to address the 
problem further in this burdened community. But they deserve credit 
for taking this on as an urgent public health concern requiring more 
than handing out pamphlets about healthy eating habits. 

Many medical and public health planners are putting their 
hopes in silver bullet pharmaceutical interventions to slow or treat 
diseases of aging like Alzheimer’s disease. Our synthesis concludes 
that primary prevention of much of this disease burden is a real pos-
sibility and now is the time to get on with it—from many directions. 

Myriad factors contribute to resilience and health or alterna-
tively, to vulnerability and disease. Excessive and prolonged levels of 
oxidative stress, inflammation, endocrine disruption, mutagenesis, 
and other pathological processes from exposures to toxic chemicals, 
social stress, and nutritional imbalances can be integrated into the 
lifeblood flowing though individuals and communities, or it can be 
otherwise. Pathways to chronic disease can be replaced with path-
ways to healthy aging and resilience (see figure). 

The public health, economic, social, environmental, and secu-
rity consequences of the choices that we make are increasingly clear. 
The health of this and future generations depends on acting wisely—
with foresight and humility. It also depends on our summoning the 
political will and power to create the change that needs to happen 
if we are to pass on to future generations a world in which they can 
live lives of quality. 

Our synthesis 
concludes 
that primary 
prevention ... is 
a real possibility 
and now is the 
time to get on 
with it—from 
many directions.
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Pathways to 
chronic disease 
can be replaced 
with pathways to 
healthy aging and 
resilience. 
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Causes and conditions influence
outcomes through integrated
mechanisms and biologic path-
ways subject to environmental
influences. They include oxidative
stress, inflammation, cell signalling,
endocrine function, metabolic
status, and gene expression,
among others. In turn, outcomes
can become causes and condi-
tions influencing the system in part
or as a whole.

Variables from individual,
community, societal, and
ecosystem levels collectively
create the conditions for
resilience and health or
vulnerability and disease.
They directly and indirectly
influence biologic pathways
that mediate their impacts.

The outcomes of this mix
of variables can vary from
resilience and health to
vulnerability and disease–
including obesity, diabetes,
cardiovascular disease,
neurodegeneration, cancer,
and asthma, among others.
In various ways, these out-
comes in turn influence root
causes and conditions.
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aDDeNDUM:

approaches to  
healthy Living 

Healthy people and healthy communities 
are interdependent. While we can all make 
positive choices for personal health, we don’t 

all have equal access to nutritious food, clean air and 
water, safe workplaces, healthy housing or exercise 
environments, green spaces, peaceful neighborhoods, 
or quality health care. In suggesting the following 
individual approaches, we emphasize that these 
actions must be combined with community- and 
society-wide policy changes in order to be truly 
effective and make healthy living available to all. 

As we describe in the previous chapters, key 
elements of healthy living include these principles: 

Eat healthy and nutritious food;•	

Be active physically and mentally;•	

Avoid harmful toxicants and pollutants;•	

Be socially engaged with family, friends,  •	

and community.

There are many approaches to accomplishing these 
goals throughout your life. The following is not 
meant to be comprehensive or complete* but rather 
offers general suggestions and guidelines, based on 
evidence reviewed in this report. Taken as a whole, 
they should help reduce the risks for cognitive 
decline, Alzheimer’s and Parkinson’s disease, and 
illnesses and conditions in the Western disease cluster. 

Changing habits is not easy. We nevertheless 
encourage you to explore where you might start 
and use the following to help you organize your 
thinking about how to improve your health and the 
health of your family. We encourage you to consult 
the extensive reference list of organizations and 
publications available on our web site, including  

our Pediatric Environmental Health Toolkit, at 
www.psr.org/Boston.

Guidelines for healthy Nutrition

The following include many of the basics of the 
“Mediterranean diet.” The term is generally used 
to refer to diets characterized by high intake 

of vegetables, legumes, fruits, whole cereals, fish, 
nuts; emphasis on unsaturated fatty acids (including 
olive oil) and low saturated fatty acids and meat; 
low-moderate dairy products; and regular moderate 
ethanol, primarily in the form of wine with meals.a 

These guidelines set a high bar. They are driven 
by scientific studies and have not been modified 
based on practical considerations such as personal 
taste, ethnicity, cost, or availability.  We acknowl-
edge that these recommendations depart somewhat 
from conventional eating patterns. As such they 
represent one ideal that people can move toward to 
the degree they are motivated, rather than expect-
ing to necessarily adopt them as a whole. We also 
note other evidence-based diets that reduce risks of 
cardiovascular disease, diabetes, and cancer—for 
example, the Ornish diet, OmniHeart diets, and 
diets with higher amounts of protein with varying 
amounts of fat.a We encourage people to consider 
other approaches as well, while keeping the critical 
importance of nutrition in mind. 

1. Healthy living and healthy aging depend on  
good nutrition from the beginning of life. 

Good maternal nutrition during pregnancy is •	

an important determinant of infant health and 
child development and helps to reduce disease 
risk of offspring throughout the lifespan. 

Breastf•	 eeding is superior to formula feeding for 
both mother and infant and should be strongly 
encouraged. Among the many benefits, infants 
who are breastfed have a sharply reduced 
risk of becoming overweight or obese and 
developing diabetes.2 3 

If using infant formula is necessary, avoid the high-•	

est iron supplementation options. Optimal levels of 

* This should not be construed as medical advice. People should talk with their healthcare providers if they have any  
questions or concerns about adopting practices in these guidelines. 
a The guidelines are not comprehensive. We explicitly address only targeted issues discussed in the report, though many other 
nutritional concerns will be incidentally covered by the general pattern of the Mediterranean diet.

What tO eat? “eat food (don’t eat anything 
your great grandmother wouldn’t recognize as 
food), not too much, mostly plants.”
Michael pollan, In Defense of Food: An Eater’s Manifesto
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iron in infant formula are probably 4–7 mg/L. (See 
chapter 8.) Use soy formula only if necessary.b

Prioritize healthy and nutritious food for children, •	

teenagers, and adults. Consumption of fast 
food and calorie-dense snacks is associated with 
increased caloric intake, weight gain, and obesity 
and should be reduced or eliminated. 4 5 6 7 

2. Eat lots of fresh fruits and vegetables, especially 
deep-green and orange vegetables, a serving of each 
with every meal if possible. Fruits and vegetables 
provide essential antioxidants, vitamins, and other 
critical micronutrients. Many green vegetables con-
tain small amounts of healthy omega-3 fatty acids, 
which add up to make a difference.

3. Avoid saturated and trans fats. Use vegetable oils 
that have a healthy balance of omega-3s, omega-6s, 
and monounsaturated fat.

Avoid satu•	 rated fats by eating a predominantly 
plant-based diet, or consuming non-fat or low-
fat varieties of dairy, lean meat, and chicken.  

Avoid frequent or routine use of oils high in •	

omega-6s—especially corn, safflower, sunflower, 
and peanut oils. Avoid fast foods, which can be 
high in trans fats and omega-6s, and processed 
food, which is often high in omega-6s.

Increase canola oil (a better balance of omega-3s •	

and 6s) and olive oil (high in monounsaturates). 
Substitute these for butter, which is high in saturated 
fat, or margarine, which may be high in omega-6. 
Walnuts, flaxseed, and their oils are also high in 
omega-3s. Avoid hydrogenated and partially hydro-
genated oils, usually listed on package labels. 

4. Eat foods high in omega-3s. 
Eat fish at least once a week. Fish are a good •	

source of omega-3s and other micronutrients, 
but those that are high in contaminants such 
as mercury and PCBs should be avoided. Cod, 
haddock, and pollock are among the low-fat, 
low-mercury choices. High-mercury fish include 
swordfish, king mackerel, albacore tuna, and 
tilefish. Canned light tuna can be safely eaten 
as often as once a week. Wild Alaskan salmon
—fresh, frozen or canned—is an excellent 

source of omega-3s and may safely be eaten on 
a weekly basis. For detailed fish consumption 
recommendations, see PSR’s Healthy Fish, 
Healthy Families at http://www.arhp.org/files/
healthyfishhealthyfamilies.pdf . If you don’t eat 
fish, consider taking fish oil or algae-derived long-
chain omega-3s. If using fish oil, chose a brand 
that has been distilled to remove toxicants. 

5. Avoid routine consumption of sugars including 
table sugar, high fructose corn syrup, maple syrup 
and honey, and beverages and foods containing 
them.c (Read the labels.) These foods cause rapid 
elevations of blood sugar, which has been linked to 
obesity, type II diabetes, cardiovascular disease, and 
related illnesses. 

6. Consume low-glycemic carbohydrates that do 
not cause rapid, high blood sugar elevations—
mainly unrefined, complex carbohydrates rather 
than refined/processed grain:

Decrease—refined grain–based products •	

including cakes, cookies, crackers, bagels,  
non whole-grain breads, corn chips, refined 
breakfast cereals, and so forth. These are 
generally high-glycemic foods.

Increase—whole grains (especially pearled •	

barley, steel-cut oats, rye, buckwheat, brown 
rice), legumes (as noted below), fruits, non-
starchy vegetables, pasta, winter squashes, 
tubers (yams, sweet potatoes)  These are low-to-
moderate glycemic foods.

Increase leg•	 umes—such as chickpeas, lentils, and 
soybeans. Legumes are an excellent source of 
high-quality carbohydrates (with low glycemic 
index) as well as protein and micronutrients. 

Information about the glycemic value of a wide •	

variety of foods can be found at the glycemic 
index database at www.glycemicindex.com.The 
glycemic index (GI) for a given food is inter-
preted as follows: 55 or less = low GI,  56-69 = 
medium GI, 70 or more = high GI

b Concerns about high manganese levels in soy formula are based on the limited data discussed in chapter 8. Evaluations of 
the safety of soy formula by expert panels have concentrated on potential impacts of phytoestrogens in soy on sexual matu-
ration and reproductive tract development. They have not considered the potential impacts of excessive dietary manganese 
during infancy on childhood learning and behavior or later neurodegenerative disease. 
c This recommendation is based on the metabolic response to sugar. Honey, however, has anti-oxidant properties and is likely 
to be preferable when small amounts of sweeteners are used. Many foods and beverages contain added high fructose corn 
syrup or refined sucrose and should be avoided.  
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7. Get food from local and organic sources when-
ever possible—co-ops, CSAs (Community Supported 
Agriculture), community gardens, family farms. 
Local food is fresher and more likely to be harvested 
when ripe, increasing the value of protective antioxi-
dants and micronutrients. Eating locally also reduces 
energy required to transport food, thereby reducing 
greenhouse gas emissions. Purchasing locally helps 
build local food production capacity, increasing food 
security in the face of rising food-transportation costs 
and climate change. Eating organic foods will reduce 
your exposure to pesticides.

8. Drinks and Liquids
Alcohol•	  – Evidence supports modest consumption 
of ½–2 drinks a day for adults as routine 
prevention, though alcohol intake should be 
avoided in risk situations including pregnancy 
and driving motor vehicles. Higher levels of 
consumption increase the risk of heart, liver, 
brain diseases, and some kinds of cancer and 
should be avoided. Red wine has important 
antioxidants, including flavonoid polyphenols, 
though the evidence does not show a consistent 
benefit for red wine over other forms of alcohol.

Green tea•	  is high in polyphenols.

Caffeine•	  may reduce the risk of Parkinson’s disease.

9. Other 
Other foods high in polyphenols which are neuro-•	

protective. These include curcumin (found in the 
spice tumeric). 

Food additives to avoid•	

- Aluminum 
Recent evidence reopens a debate about whether 
dietary aluminum may increase the risk of Alzheim-
er’s disease. The data are limited and considerable 
uncertainty remains. Nevertheless, if you want to 
limit potentially excessive intake, avoid routine 
consumption of foods with aluminum-containing 
baking powder or SALP (sodium aluminum phos-
phate), an additive used in some grain-based prod-
ucts and some processed cheeses. Highest aluminum 
levels in food have been reported in some pancake 
and waffle products—including mixes, frozen and 
restaurant varieties. Smaller amounts have been 
reported in baking mixes for some cakes, biscuits 
and muffins, and in the crust and cheese of some 
frozen pizza. These products account for the bulk of 
dietary exposure.8 9 10  Aluminum additives are not 
always listed on the ingredient labels of baking sup-
plies and products (including pancakes and waffles).

reduce exposure to and  
Generation of toxicants

Exposures to some environmental chemicals 
can increase the risk of a number of different 
diseases, including those discussed in this 

report. Since environmental chemicals are so 
pervasive in our lives and exposure levels differ 
from person to person, it is virtually impossible to 
lay out guidelines that will be universally applicable. 
Therefore, we simply suggest here an approach 
to reducing your exposure to toxic chemicals and 
substances such as pesticides, metals and solvents 
and recommend consulting more comprehensive 
resources for additional details relevant to your 
specific circumstances. This analysis will also 
help you understand how you can minimize what 
you put back into the air, water and soil of the 
ecosystem. First, consider the following framework 
for understanding toxic exposures:

Where•	  you can be exposed to toxic substances 
including home, school, daycare facilities,  
workplace, community, hospitals and other  
care facilities;

How•	  you can be exposed via food, air, water, 
and soil;

At •	 what times you can be exposed, including 
seasonally, during special projects such as home 
renovations, or while engaging in gardening, 
hobbies, etc.

Which products you buy and use that may •	

result in exposures, including those for cleaning, 
personal care, lawn and garden maintenance, on 
your pets, and when renovating your home. 

Next, here are some steps you can take to address 
major potential routes of exposure:

1. Inventory your home for hazardous materials you 
may be using for home cleaning and maintenance, 
lawn and garden care, personal care, and pet care. 
Dispose of these hazardous materials properly and 
replace with less-toxic alternative products or pro-
cesses. Avoid hazardous exposures to toxicants such 
as lead and solvents during building and remodeling 
projects. Use “green” building materials, or those 
that are less toxic from manufacture to disposal.

2. Assess drinking water quality via water  
testing (for well water) or community water  
reports, and filter if necessary. The appropriate 
approach to filtration will depend on the specific 
contaminants identified. 
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3. Eliminate or reduce pesticide use in the home 
and on lawns and gardens. Adopt “Integrated Pest 
Management” techniques which include a variety of 
measures to prevent or eliminate pests.

4. Reduce consumption and waste, recycle materials, 
and conserve energy. You can further reduce fossil fuel 
consumption and air pollution by using public trans-
portation and walking and biking when possible.

5. Assess workplace, school, community and care 
facilities for sources and nature of hazardous expo-
sures.  Work with the appropriate people to reduce 
use of toxicants.

physical, Social and Mental 
activity, Stress reduction

Rationales for regular physical exercise,  
reduction of excessive stress, and rich social 
engagement are well established in the medical 

literature. Preliminary evidence and common sense 
also suggest benefits of challenging and engaging 
mental activity. While many different approaches 
are possible within each category, information 
comparing one to another is often lacking, and their 
relative advantages remain uncertain. Nonetheless, 
based on evidence that is available the following 
general guidelines are worth following:  

1. Physical Exercise—Increasing physical activity 
at any age improves physical and emotional 
wellbeing. Walking more each day can improve 
health, prevent overweight and obesity, and help 
maintain independence. All family members should 
adopt daily exercise habits daily. Children should 
be encouraged to play outdoors (except where 
safety issues interfere). Keep active as much as 
possible. Choose stairs over the elevators 

or escalators. Walk or bike for transportation 
whenever possible. Move more around your home or 
workplace. Daily aerobic exercise, as moderate as brisk 
walking, for at least half an hour, is very beneficial. 

2. Social, Family, and Community Activity—is good 
for you and the broader community. Regular social 
engagement with others reduces the risk of cognitive 
decline in later years. Volunteer, get involved in com-
munity activities, stay in touch with family members. 

3. Reducing Stress—is important. Many activities 
have not been adequately studied for their potential 
benefits, but some that have been addressed in this 
report including regularly interacting with nature. 
A recent review of the literature on meditation or 
mindfulness-based stress reduction (MBSR) also 
concluded that it is “a safe, effective, integrative 
approach for reducing stress. Patients and healthcare 
providers experiencing stress or stress-related 
symptoms benefit from MBSR programs.”11 
It requires no special equipment or financial 
investment, just an inclination to sit in a quiet place 
and try to calm the mind. Yoga has been practiced 
for thousands of years. It can be done anywhere there 
is a flat surface, and requires no special equipment.  
Practitioners worldwide attest to its mental and 
physical benefits.12 13  Take time out to relax. Many  
of us are constantly expected to multitask and  
respond instantly to ever more rapid communications. 
Try to find even a few minutes a day to relax.

4. Mental Activity—Exercising your brain may 
be beneficial for maintaining healthy cognition. 
Common sense ways to do this include crossword 
puzzles and word games, chess, and activities that 
require critical thinking. Such activities exercise 
your brain and may help keep it fit.14 15 
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