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Foreword

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
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This book

i1s 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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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.

his 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

Y V’\@
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Executive
Summary

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 trajectory into

Greater Boston Physicians for Social Responsibility and Science and Environmental Health Network

page 1

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.









Environmental Threats to Healthy Aging page 9

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 20 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 People with
on health in earlier years, this project is a logical extension of our dementia bave
2000 report, In Harm’s Way: Toxic Threats to Child Development.  |ost more than
There we focused primarily on the impacts of toxic chemical expo- their cognitive
sures on the developing brain. Later we wondered if brain function ability. They
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.

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

PORTRAITS

t's morning in the Alzheimer’s OfAGING

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 ticket2” 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?2”

These are not portraits of normal aging.

Contributed by Sandra Steingraber

Greater Boston Physicians for Social Responsibility and Science and Environmental Health Network
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\ Alzheimer’s and other forms of
" N dementia are major contributors
\ to the rapid increase in demand

L} for long-term care services.

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

hanges 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.®

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

Greater Boston Physicians for Social Responsibility and Science and Environmental Health Network
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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.”!

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.?

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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Disease patterns
change in response
to bhistorical
forces, including
interconnected
environmental
conditions and
many kinds of
human activity.
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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.!° 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."
These are estimates, as no comprehensive Parkinson’s disease
registries currently exist.

Socio-Economic Implications

he Alzheimer’s Association estimates that national direct and

indirect annual costs of caring for individuals with Alzheimer’s

disease are nearly $150 billion.'> According to a recent study,
the cost of caring for a person with Alzheimer’s disease more than
doubles over four years of care.'® The cost of Parkinson’s disease in
the U.S. alone is estimated to be $13-28.5 billion per year.'*
Patients with both dementia and Parkinson’s disease have
significantly higher annual direct costs than patients with
Alzheimer’s disease alone.'

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.'® 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).!”

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.'® 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.

Greater Boston Physicians for Social Responsibility and Science and Environmental Health Network
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A New Framework—An Ecological Approach to the
Western Disease Cluster

ur 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

Greater Boston Physicians for Social Responsibility and Science and Environmental Health Network
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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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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.
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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.

A CLOSER

. Look
Oxidative Stress

xidative 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)

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.'” 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.

Greater Boston Physicians for Social Responsibility and Science and Environmental Health Network
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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.?’ 2! 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.
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CHAPTER 2

The Changing
Environment and
Disease Patterns

he 20th century witnessed profound, unprecedented changes “Every civilization

in the natural, built, and social environments. Countless new creates the

technologies introduced into diverse societies around the globe conditions for
altered the ways we live. Dramatic changes in the patterns and its own diseases.”

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.

René Dubos

Multi-dimensional Causal Webs of Disease

any 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 The plum blossom is
limited value for predicting novel, emergent properties of complex, Zr;iﬂjm:’e”sgev”y "
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.

Greater Boston Physicians for Social Responsibility and Science and Environmental Health Network



page 18

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.

Environmental Threats to Healthy Aging

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

he growth of cities throughout the 1800s created conditions at the

beginning of the 20th century in which infectious diseases flour-

ished.! 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.>? 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.
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An Overview of 20th Century Environmental Change

uring 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 soll, air,
and water quality, and loss of biodiversity and ecosystem services
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United Nations Millennium Assessment:
Highlights of Key Findings?

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; CO, 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 CO; 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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Virtually all
people and wildlife
are regularly
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exist in human
history.
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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

here 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.**

Rapid industrialization and nearly ubiquitous

contamination of air, soil, and water with hazard-
® ous waste, byproducts of resource extraction, fossil
R fuel combustion, and synthetic chemicals continued
8 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
B 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.* Now the U.S. imports
or produces approximately 42 billion pounds of chemicals daily.®
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

¢ 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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