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AS OUR KNOWLEDGE about the etiology of disease progresses, the evidence for environmental

contributions to disease grows. There is a need to evaluate the findings from this research to

assess possible emerging trends in chronic diseases. Physicians for Social Responsibility (PSR)

has partnered with environmental health researchers to assess the emerging links between

chronic diseases and environmental exposures and to generate a set of policy and research

recommendations. PSR’s goals are to elucidate and raise awareness of health care providers,

researchers, and policy makers about increased evidence suggesting linkages between

environmental factors and chronic diseases. PSR has chosen Parkinson's disease, non-Hodgkin's

lymphoma, and diabetes as the three focus areas.

The next few pages review the diseases that
were considered when conceptualizing this
project. The comprehensive report that follows
delves much more deeply into the three specific
chronic conditions and their connections to the
environment.

In evaluating the candidate diseases, PSR used
three sets of criteria:

1. Public health importance: disease incidence
and prevalence, years of productive life lost,
and associated costs;

2. Scientific evidence supporting a link between
the disease and environmental exposures;

3. Public concern and interest: the likelihood
that the disease is of significant concern to the

public and to health care providers treating
the public.

In developing the initial process to examine
emerging environmental links to chronic conditions,
PSR identified several possible candidate conditions
for evaluation: attention deficit hyperactivity
disorder (ADHD); amyotrophic lateral sclerosis
(ALS); Alzheimer's disease; autism, i.e., the
spectrum of pervasive developmental disorders;
diabetes; non-Hodgkin’s lymphoma (NHL); and
Parkinson’s disease (PD). Though PSR could
only select three chronic illnesses on which to
focus, PSR wanted to consider many different
illnesses before making a selection. These three
reports review the existing research and provide a
framework and a context for the future work. PSR
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encourages this research because it will clearly assist
in building a foundation for understanding the total
impact of the environment on our nation’s health.

This report is intended to further discussion
among health care providers about the emerging
links between chronic disease and environmental
exposure. PSR understands that these connections
are not always automatically drawn by clinicians,
and this report does not intend to produce
diagnostic expertise on the diseases, but instead
offers an assessment of the scientific evidence about
possible associated and causative factors related to
chronic disease. Diseases such as asthma, cancer,
diabetes, and Parkinson’s disease all have delineable
associations with environmental problems such
as air pollution, drinking water contamination,
and exposure to toxic chemicals. It is important to
emphasize this connection and encourage the health
care community to begin to recognize that these
relationships do exist.

During the last two decades, chronic disease has
replaced infectious disease as the major focus of
public health concern, even with the appearance
of AIDS. Seventy percent of all deaths annually
are attributable to chronic illness. The top four
and seven out of the top ten leading causes of
death in the U.S. are chronic diseases (1). These
illnesses account for more than $750 billion of
the $1 trillion spent annually on health care. If
anything, the economic impact of chronic diseases
will increase in this century as this pattern becomes
predominant worldwide. According to the World
Health Organization, chronic diseases will become
the top cause of death in most countries in the next
few decades.

Among chronic diseases, cancer has received
much attention. The “War on Cancer,” initiated
in the 1970s, resulted in the creation of national
tracking efforts like cancer registries and large
expenditures of research dollars. Much of the
research, however, has focused on treatment and
the search for cures, while very little is known
about the etiologies of many cancers. Other chronic
diseases, such as chronic degenerative diseases of
the central nervous system, have received even less

attention. Such diseases, most notably Alzheimer’s
disease and Parkinson’s disease (PD), place very
heavy burdens on society. Most people have a family
member or friend who has been affected by one

of these diseases . However, we do not have the
kinds of tracking systems in place to monitor these
conditions that we have for cancer. The discovery
of causes and cures is even more elusive. As society
ages, these diseases are expected to exact a greater
burden on families and the medical care system and
human suffering overall.

Whether it is cancer or autism that is affecting
our families and showing up in our examination
rooms, the growing rates of chronic disease compel
us to search for clues and answers to determine the
true causes of these increasingly prevalent illnesses.
Evidence from disease cluster investigations
has shown that exposure to certain chemicals
increases the risk for certain cancers. However,

a comprehensive analysis of existing research
and better tracking mechanisms are key to truly
differentiating real science from coincidence.

These three brief overviews introduce the three
diseases PSR has chosen for in-depth analyses.
Though a significant review of the existing research
was done on all seven of the possible conditions
prior to selection, these conditions met the three-
project criteria most directly. This in no way
minimizes the potential links of the environment
to the other conditions, and certainly PSR would
encourage additional research to assess links on the
four remaining conditions as well as other critical
chronic illnesses.

More than 60,000 people each year are diagnosed
with PD in the U.S., and more than a million
Americans are living with the disease at any one
time (2). PD is a progressive brain disorder that
affects patients for many years. The disease usually
strikes people over age 60, but in some cases can
develop much earlier. Idiopathic PD, the most
common form, is defined by the absence of an
identified, specific cause, as opposed to forms of




parkinsonism that
are due to a specific
environmental
exposure, like
manganese poisoning
(3) or other defined
nosologic entities. PD
affects both men and
women and is the second
most common neurodegenerative
disorder of the elderly, after Alzheimer’s
disease. The disease is associated with progressive
and irreversible damage to the dopaminergic
projections from the substantia nigra to the dorsal
striatum, and with the formation of Lewy bodies,
the pathological hallmark of idiopathic PD.

Parkinson’s disease involves the death of brain
cells that produce dopamine, a necessary chemical
messenger that serves to control movements
mediated by the extrapyramidal system. Loss of
dopamine and the secondary effects on other neural
systems lead to the cardinal symptoms of PD,
tremor, rigidity, bradykinesia (slow movements) and
a loss of postural reflexes. As the disease progresses,
other problems may emerge, including personality
changes, bradyphrenia (slowing of thought
processes), sleep disturbances, sexual dysfunction,
Alzheimer’s-like dementia, paranoia, psychosis, and
even hallucinations and severe depression.

Although some patients have an inherited form of
PD (particularly those with an onset prior to age 50)
a large twin study showed that hereditary factors are
of little importance among patients who contract the
disease in later life (4). Among identical twins with
one affected member of the pair, the probability of
the second twin contracting the disorder was no
higher than in the general population. An editorial
that accompanied this landmark article urged a
return to the focus on environmental chemicals,
especially pesticides, as a cause (5).

The causes of PD have been a subject of
debate for decades. In the 1980s, the medical
community began thinking of Parkinson’s disease
as a neurological disorder that might be caused
by chemical exposures because a group of

young people developed Parkinson’s-
like symptoms after taking an illegal
designer drug contaminated with a
chemical byproduct called MPTP.
Subsequently, similar symptoms were
induced in monkeys by administering
MPTP. This type of parkinsonism is very
similar to idiopathic PD. This led to the
realization that a single adverse exposure
could start a complex chain of events leading to
regionally specific neurodegeneration (3). Oxidative
stress, induced by a variety of factors, including
pesticides, might contribute to the development
of parkinsonism. The structure of MPTP is similar
to that of paraquat, a widely used herbicide. This
finding led to investigations of PD and pesticide
exposure. Pesticide exposure has been identified as
a risk factor for the development of PD in numerous
epidemiological and case control studies (6,7).

Non-Hodgkin’s lymphomas form a group of related
cancers. A lymphoma is a cancer of the white cells
that is localized in lymph nodes or location other
than the bone marrow. NHL is the fifth most
common cancer and the sixth most common cause
of cancer death, accounting for about 16 new cases
per 100,000 people each year (8). Rates of NHL
have risen sharply in the U.S. over the last 20 years,
especially among older people and those who have
AIDS.

A recent twin study on cancer and heredity
indicates that a genetic contribution to NHL, if
present, is small, although the authors could not
provide a quantitative estimate because of a small
sampling size (9).

Non-Hodgkin’s lymphoma seems to be caused
by factors that are involved with genetic damage
to cells and/or factors that are associated with
immunosuppression. People with inherited
immunodeficiency syndromes (which are very rare)
have elevated rates of NHL, as do people who
receive immunosuppressive drugs for transplants
or have immunosuppression for some other
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reason. NHL tumors have a high rate of genetic
alterations; these are thought to be due to various
environmental and infectious exposures. People with
inherited defects in DNA repair (for example, ataxia
telengectasia syndrome) have high rates of NHL.

For many years it has been recognized that
Epstein-Barr virus plays an important role in NHL
incidence. However, in the U.S., Epstein-Barr virus
seems to play a relatively minor role compared to in
African cases.

More recently, infection with HIV/AIDS has
been recognized as a risk factor for NHL and may
be responsible for about 60% of the rise in incidence
over the last 20 years (10). A rare type of rapidly
progressive NHL is related to infection caused by
HTLV-I (human T-cell lymphotropic virus type 1), a
retrovirus similar to HIV.

Numerous agricultural and industrial chemicals
have been associated with NHL. Farmers have
higher rates of NHL than non-farmers, and exposure
to herbicides (including Agent Orange) and to
certain insecticides (including organophosphates)
seem to be important risk factors (1 1-14). There
is also good evidence for involvement of PCBs and
dioxins (15-16).

NHL is an example of where we still have much
to do in the “war on cancer.” While cancers related
to smoking are falling, NHL rates have risen and
now seem to have reached a plateau.

Diabetes is a disease in which the body does not
produce or use insulin properly. The cause of
diabetes is unknown, although both genetic and
environmental factors, such as obesity and lack of
exercise appear to play roles. There are two major
types of diabetes: Type I is a disease in which the
body does not produce enough insulin, most often
occurring in children and young adults. People with
Type I diabetes must take daily insulin injections

to stay alive. Type I diabetes accounts for 5 to 10%
of all diabetes cases. Type II is a metabolic disorder
resulting from the body’s inability to make enough
or properly use insulin. Type Il diabetes is nearing

epidemic
proportions,
due to an
increased
number of
older Americans
and a greater
prevalence of
obesity and sedentary
lifestyles. A
Diabetes mellitus is one of

the most serious threats to American health. Recent
studies indicate that the prevalence of diabetes

is increasing among the general population in the
U.S. and worldwide. More than 135 million people
are affected by diabetes worldwide including more
than 8.5 million Americans. In many developed
countries, 10 to 20% of people over 45 are affected
by non-insulin dependent diabetes mellitus. About
15% of people over age 70 have type 1I diabetes.
The World Health Organization has concluded that
diabetes is becoming a global epidemic and predicts
that the disease will be one of the world’s major
contributors to morbidity by 2025 (17). Blacks and
Hispanics have a twofold to threefold increased risk
of developing type 1T diabetes; poverty is also an
important risk factor. Diabetes increases the risk of
blindness, loss of limbs, heart disease, stroke, kidney
failure, and depression (18) and generally reduces
life expectancy. The costs of diabetes arise from

the treatment of the disease, its complications, lost
workdays, and disability. Of the three diseases under
consideration, diabetes clearly has the greatest
public health impact.

There is strong evidence for both inherited and
environmental risk factors for diabetes. Type 11
diabetes has been associated with certain genetic
sequences in the NIDDM1 region of chromosome
2. Recently, Horikawa and colleagues (19) have
proposed that the gene in this region might be
CAPNI10, a gene that encodes calpain. The authors
estimate that the removal of the risk factor resulting
from the combination of two genetic variants
would reduce the prevalence of diabetes by 14% in
Mexican-Americans and 4% in Europeans.




Environmental risk factors, including lifestyle
factors like diet and exercise habits, are even more
important than environmental exposures. Obesity
is a risk factor for type II diabetes; 80 to 90% of the
people with this disease are obese. The incidence
of non-insulin dependent diabetes mellitus has
also been found to increase, up to a point, with
the number of cigarettes smoked per day. Rates of
diabetes have risen with those of obesity and poor
physical fitness.

However, a component of diabetes seems to be
related to environmental exposures, most notably
arsenic and dioxins. Specifically, diabetes has been
linked to exposure to 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD). Low-level dioxin exposure has
been shown to affect glucose metabolism and
thyroid function in some (but not all) occupationally
exposed populations (20-23) The most compelling
evidence is from a study of Vietnam veterans
who were involved in handling Agent Orange, an
herbicide that contained dioxin as a contaminant
(24). A total of 989 of these so-called “Ranch
Handers” were compared with 1,276 veterans who
served elsewhere in Southeast Asia during the same
period. The study found higher rates of diabetes
among the Ranch Hand group, with a dose-response
relationship between blood dioxin level and severity
of diabetes.

Arsenic is also of interest, in the U.S. and
worldwide, because of continual high exposures in
communities due to natural and industrial sources
of arsenic pollution of water. The strongest evidence
for a linkage between arsenic and diabetes comes
from several epidemiological studies in Taiwan
that identify higher prevalence levels of diabetes in
arseniasis-endemic areas relative to non-endemic
areas (25-27).

Diabetes is an important and growing health
problem that brings with it a number of interesting
environmental dimensions. Certainly the problems
of obesity and lack of physical exercise could be
related to the environment in which individuals live
as well as the natural environment; communities
today are not designed to facilitate walking and
other forms of physical exercise.

As a nation, we can begin to address an emerging
link between chronic disease and the environment
in a number of ways. It is time to bring together the
mounting information from health and scientific
researchers, clinicians, and public health officials
and call for additional research, public education,
and as appropriate, policy changes to reduce
exposures. There are a number of policy steps that
should be taken to address this critical issue.

First, we need a public health infrastructure to
track chronic diseases in the U.S., including the
three addressed in these papers, and to monitor
the environmental exposures that may be related
to these diseases. Such a system will allow us to
determine whether linkages exist and the strength
of those linkages. Public health policies and
programs that effectively link exposure monitoring,
biomonitoring of chemicals in the human body, and
chronic disease will greatly enhance our ability to
understand and reduce these emerging links in the
future.

A Nationwide Health Tracking Network, the
beginnings of which have been established through
the Centers for Disease Control and Prevention
(CDC), should contain three primary components
and should be organized to facilitate a search for
interactions (28):

HAZARDS TRACKING: measuring the amount,
concentration, and geographic distribution of known
and potential toxic chemicals in the environment
(such as the Toxics Release Inventory).

EXPOSURE TRACKING: assessing and measuring
human exposure to environmental chemicals,
including levels of exposure among population
subgroups (such as CDC biomonitoring capacity).

HEALTH OUTCOME TRACKING: monitoring disease
events and trends in health risk behaviors within
populations over time through tracking systems
such as vital statistics, health surveys, and disease
registries.
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As of January 2003, representatives from 17
states, three large cities, and three schools of
public health began to develop the infrastructure
and pilot projects to launch the first phase of this
network. The national tracking system will collect
data that will help further illustrate the link between
chronic conditions and environmental exposures,
thereby supporting the calls by public health and
environmental advocates for health-protective
policies.

Second, we need to educate physicians, nurses,
and other health care providers about the possible
connections between the environment and disease.
Health care providers are on the front lines of
protecting the nation’s health and can identify and
prevent environmental exposures in their patients
that may lead to disease later in life. Health care
providers are one of the most trusted sources
of information for their communities and their
patients.

Third, we need to invest in further research of
these and other emerging links between chronic
disease and the environment. Adequate funding of
centers of excellence, academic researchers, and
community-based prevention intervention research
is required to ask the next set of questions. As an
example, the proposed National Children’s Study
will track exposures to children over a 30-year period
to determine when and how exposures at different
developmental stages impact growth, development,
and morbidity.

Finally, environmental policy solutions exist that
can begin to reduce human exposures to a number
of the toxicants—such as agricultural pesticides,
dioxin, arsenic, and PCBs—implicated in the
evaluation of the three chronic conditions we have
targeted. These policies include

¢ Ratification of the Stockholm Convention
on Persistent Organic Pollutants (POPs)
by the U.S. and ratification by 49 other
countries for entry into force by the end
of 2003;

¢ Full implementation of the Stockholm
Convention in the U.S., including

= An expedited phase-out of PCBs still in use;

= Additional funding for international
development, particularly focused on
alternatives to DD in malaria control; and

= Provisions for domestic action on future
POPs, such as the brominated flame-
retardants known as PBDEs that might be
added to the treaty in the future.

¢ Release of EPA’s Dioxin Reassessment and
development of an EPA regulatory scheme
focusing on pollution prevention measures
aimed to achieve significant reductions in
dioxin releases and human exposures.

e Additional regulatory action on pesticides,
including further restrictions and phase-outs
of organophosphate insecticides, federal
legislation restricting pesticide use in schools,
a permanent ban on the use of human
subjects in tests of pesticide toxicity, and full
implementation of the Food Quality
Protection Act.

e Protection of hard-earned “right-to-know”
provisions such as the Toxics Release
Inventory and passage of further protections
and the expansion of public information
guarantees for people with chemical hazards in
their communities.

These reports are not meant to provide health
care providers with all of the answers, but to
start clarifying the links between environmental
exposures and causes of chronic illness so
that preventive measures can be taken, more
comprehensive diagnoses made, and more effective
treatments explored. Certainly more research needs
to be done to understand these links and to develop
evidence that will effectively impact important
policy action.
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WHALI' IS PARKINSON'S DISEASE?

wIJD/ARKINSON’S DISEASE (PD) is one of the major neurodegenerative disorders first described by

Dr. James Parkinson in 1817 as “Shaking Palsy" (7). Among neurodegenerative disorders, it is

second only to senile dementia of the Alzheimer type in prevalence. It is the most common of the

akinetic-rigid syndromes, collectively referred to as parkinsonism. PD is characterized by tremor at

rest, rigidity, and akinesia or bradykinesia (absence or paucity of movement), and loss of postural

reflexes (7).

PD has a distinct clinical picture with respect
to symptoms, signs, and changes in brain function.
Clinical symptoms of PD are usually expressed
after age 50, often with a slow and insidious
onset. Tremor and slowness or unilateral stiffness
are frequent initial complaints. As the disease
progresses, other problems may emerge, including
personality changes, slowness of thought, sleep
disturbance, autonomic dysfunction, Alzheimer’s-
like dementia, paranoia, psychosis and even
hallucinations, and severe depression. The disease is
associated with progressive and irreversible damage
to the dopaminergic neurons that project from the
substantia nigra to the striatum. Lewy bodies are
frequently seen in surviving neurons and are the
hallmark neuropathological features of the disease.

Other forms of parkinsonism resemble PD in
many respects. In some cases, they are due to

specific factors, such as drugs and environmental
exposures like acute manganese poisoning (2).
Drug-induced parkinsonism is defined as follows:
1) symptom onset occurs while on a neuroleptic
drug or dopamine-depleting drug treatment; 2)

no symptoms occurred before drug treatment;

and 3) symptoms significantly resolve or diminish
after withdrawal of drug treatment. However,

other forms of parkinsonism may be difficult to
distinguish from idiopathic PD, particularly early in
the course of the disease. These include progressive
supranuclear palsy, corticobasal degeneration,
multisystem atrophy with autonomic insufficiency
and others. The difficulties associated with making
an accurate diagnosis are a major problem and
source of inaccuracies in retrospective studies and
investigations conducted by individuals without
specific neurological expertise.

_
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Clinical definition:

* An adult-onset, slowly progressive, motor
disorder combining two or more of the
following: rest tremor, slow movements
(bradykinesia), limb rigidity, and gait
instability.

* Response to levodopa or dopaminergic
agonists such as bromocriptine.

® Accepted associated phenomena: depression
(early or late), cognitive decline (late), limited
autonomic involvement (e.g. constipation) (3).

Pathological criteria:

* Depigmentation of the cells of the substantia
nigra due to the loss of dopaminergic neurons.

* Formation of intracytoplasmic eosinophilic
inclusions (Lewy bodies), predominantly in
the substantia nigra and other pigmented
brain-stem nuclei (3).

The clinical diagnosis of PD is complicated by
numerous diseases with akinetic-rigid features as
mentioned above. The differential diagnosis is very
large (4).

PD is the most common of a set of motor disorders
collectively referred to as the akinetic-rigid
syndromes, or parkinsonism. These disorders differ
from each other by symptoms and pathology.

In the U.S., there is no tracking system for
incidence or prevalence of PD on state or national
levels. The only information we have is from a few
geographic areas where special studies have been
conducted. Moreover, these studies have used
various case definitions. Some have attempted to

RIGIDITY is an increased tone or stiffness in

the muscles. Unless it is temporarily eased by
antiparkinsonian medications, rigidity is always
present. However, it increases during movement.
Rigidity and bradykinesia are responsible for a mask-
like expression of the face.

TREMOR is the symptom the public most often
identifies with PD, but in fact, up to 25% of patients
experience very slight tremor or none at all. When it is
present, the tremor may be worse on one side of the
body, particularly in early stages of the disease. Besides
affecting the limbs, tremor sometimes involves the
head, neck, face, and jaw.

BRADYKINESIA means slowness of movement.
Bradykinesia is a cardinal feature of PD and the source
of the greatest disability.

POOR BALANCE tends to affect people with PD. This
is particularly true when they move abruptly, causing
a sudden change in the position of their bodies. Some
patients experience repeated falls due to poor balance.

WALKING PROBLEMS commonly include a decreased or
nonexistent arm swing; short, shuffling steps; difficulty
in negotiating turns; and sudden freezing spells
(inability to take the next step).

People with PD may also suffer from any of a long list
of secondary symptoms. These include depression,
sleep disturbances, dizziness, stooped posture,
constipation, dementia, and problems with speech,
breathing, swallowing, and sexual function. Again, it
is important to note that different patients experience
different symptoms.

source: http://www.parkinsons-foundation.org/
aboutdisease/overview/symptoms.html




strictly limit analysis to PD; others

have used a more inclusive definition
that would encompass all diseases

with parkinsonism. It is estimated that
PD affects between 1.5 and 2.5% of
Americans by the end of the seventh
decade (5). Estimates of incidence and
prevalence vary by location and by mode
of assessment. Bennett looked at rates of
parkinsonism in a Massachusetts community and
found that the overall prevalence for parkinsonism
was 14.9% for people 65 to 74 years of age, 29.5%
for those 75 to 84, and 52.4% for those 85 and older
(6). In a community in Minnesota, the average
annual incidence rate of parkinsonism (per 100,000
person-years) in the age group 50 to 99 years was
114.7; incidence increased from 0.8 in those age

0 to 29 years to 304.8 in those 80 to 99 years of
age. The cumulative incidence of parkinsonism

was 7.5% up to age 90 years (7). A collaborative
study in Europe reported a lower prevalence: 1.8%
in persons 65 years of age and older (8). There are
no reliable data on the prevalence of PD in the

U.S. or worldwide. Based on current research, it

is estimated that there are more than 1.5 million
people in the U.S. with PD, and approximately
60,000 new cases diagnosed annually (9). While
PD can have an early onset, it is most common in
the elderly. The average patient is over 50 years

old at the onset of the disease; approximately 10%
of cases are early onset and affect those under age
40. Approximately 40% are between the ages of

50 to 60, effectively removing them from the work
force. Treatment of patients with levodopa improves
symptoms and functionality of people with PD, but
does not mitigate all symptoms.

We know little about trends in incidence and
prevalence of PD or parkinsonism over time. Nor do
we have information about geographic variation in
rates. There have been no international collaborative
efforts to describe rates and trends over time. Given

its distinctive diagnostic
features, it is likely

that it was much more
rare prior to its first
description in 1817 by
James Parkinson. Mortality
from PD has been studied
in the U.S. because PD can
be coded as among the causes

of death (primary or contributing) on

the death certificate. Over the period between 1962
and 1984, there was a marked rise in age-adjusted
deaths attributed to PD. This rise occurred mostly
among the elderly, and there was a decline in deaths
attributed to PD among middle-aged people. This
trend was attributed by the authors to “improved
treatment, better case ascertainment, and a true
rise in the incidence of PD, particularly among the
elderly” (10). Comparable data are not available for
PD incidence and prevalence, on either a national
or an international basis. It has been suggested that
estimates of incidence most likely reflect a real
pattern of PD in a population, because prevalence
studies may be biased by disease-associated
mortality that is not reflected on death certificates
(11). As is discussed below, generally (but not
always) rural living is a risk factor for PD in the U.S.
and elsewhere. Data are hard to come by, but it is
thought that prevalence of PD is lower in China,
Japan, and Africa (on the basis of lower prevalence
ratios) (12); it is unknown whether this difference is
due to genetic or environmental differences or is an
artifact of medical care and reporting systems.

PD is a disease of the elderly, with prevalence
increasing rapidly from age 50 on. Some studies
have found that men are at greater risk; for example,
a population-based study in Italy found that men
were 1.6 times more likely to have parkinsonism
and two times more likely to have PD than women
(13). Men were also somewhat more likely than
women to have both PD and parkinsonism in a
community in Minnesota (14). A mortality study of
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the U.S. population found that men generally had
double the risk of death due to PD than did women
(15). A European collaborative study did not find
an increased risk of PD incidence for men (8). The
U.S. mortality study found that whites had three
times the risk of death from PD than nonwhites
(I5), however, it is unclear whether this is due

to a genetic difference, differences in exposures,

or artifacts due to differences in diagnosis and

recording of causes of death on the death certificate.

People with PD and parkinsonism have two to five
times the mortality rate of nonaffected Americans
of the same age (16). The risk of mortality may

be underestimated since it was found (in the

U.K\) that the diagnosis of PD is under reported

on death certificates (17). Bennett reported that
gait disturbance was the symptom most strongly
associated with an increased risk of death (6).
Morgante (2000) reports that the principal causes
of death in patients with PD are heart disease,
infections of the lungs, and cerebrovascular disease
(18). Pneumonia was the cause of death most
significantly associated with PD compared with
controls (18). This was also found by Gorell et al.
and was attributed by the authors to immobility that
occurs at later stages of the disease (19). Mortality
rates among people with PD seem to have increased
over time (10). By 2040, Parkinson’s may surpass
cancer as the second most common cause of death
among the elderly (20).

Since we have no reliable data on the prevalence of
PD, we also have few data on the associated costs.
We could identify no peer-reviewed publications
that provide an estimate of costs associated

with PD. Estimates have been developed by the
Parkinson’s Foundation, and according to testimony
before the Senate Committee on Aging, PD is

estimated to cost the U.S. an estimated $25 billion
per year (9). Costs are spread among afflicted
families, health and disability benefit providers,
Medicare, and Medicaid. The cost of L-dopa and
related drugs runs $1,000 to $6,000 per year, per
patient. Ongoing care includes visits to neurologists,
various physical therapies, and often, treatment for
depression. Typical early-stage annual medical cost
per patient is $2,000 to $7,000, however, the cost

of advanced treatment is much higher. Treatment
and hospitalization for falls associated with PD
progression can run $40,000 or more per patient. An
estimated 38% of PD sufferers do fall; 13% fall more
than once a week (21). As the disease progresses,
substantial disability due to inability to maintain
balance, walk, speak, and/or move can require
assisted living and nursing home care, which can
exceed $100,000 per patient annually (9).

There are more than 1.5 million people in the

U.S. with PD and approximately 60,000 new cases
diagnosed annually (9). The annual cost to society
in the U.S. has been estimated to be up to $25
billion (9). Costs include not only medical care,
but also the cost of unemployment; it is estimated
that 31% of individuals diagnosed with PD lose
employment within a year. On average, the societal
and family burden per person with PD, taking into
consideration direct and indirect costs, has been
estimated at $25,000 (9). Since PD victims remain
alive but incapacitated for many years, these costs
escalate as the disease progresses. Many of the costs
are incurred because family members are diverted
from the work force by their role as caregivers.

In assessing potential causal factors for PD, we
organized the discussion according to the three areas
of determinants of health: biological, environmental,
and social (22).




The causes of PD have been a subject of debate
for decades. The pathogenesis of idiopathic PD is
not known, but it is believed to be multifactorial,
deriving from environmental factors acting on
genetically predisposed individuals as they age.

In the 1980s, the medical community began
thinking of PD as a neurological disorder that
might be caused by chemical exposures, when a
group of young people developed Parkinson’s-like
symptoms after taking an illegal drug (meperidine)
contaminated with a chemical byproduct called

MPTP (1-methyl-4-phenyl-1,2,3,6-tetradropyridine).

MPTP inadvertently was created as a contaminant
in an illegally manufactured synthetic opioid that
was distributed to recreational IV drug users.
Subsequently, similar symptoms were induced

in monkeys by dosing them with MPTP. The
discovery of MPTP-related parkinsonism led to the
realization that a single adverse exposure could start
a complex chain of events that leads to regionally
specific neurodegeneration (2). It is hypothesized
that oxidative stress, induced by a variety of factors,
including pesticides, may be part of the causal
pathway for Idiopathic PD. Post-mortem studies
have indicated that there is evidence for oxidative
damage and mitochondrial impairment in the
pathogenesis of PD (23). Mitochondrial dysfunction
causes “generation of reactive oxygen species,
disregulation of calcium homeostasis and induction
of apoptosis, each of which may be important

in Parkinson’s disease. Thus the mitochondrial
dysfunction observed in PD may be responsible

for further oxidative damage to cells” (24).

MPTP is similar in chemical structure to several
pesticides and herbicides; this observation has led
to investigations of PD and pesticide exposure.
Certain pesticides (paraquat, rotenone, and others)
have been linked to PD in epidemiological studies
(25,26). As described below, this association has not
been confirmed as causal.

Biological determinants of health are factors that
cannot be manipulated, such as inherited genes,

age, and sex. It is important to consider them since
biological and environmental determinants can
interact in complex ways in PD. A small proportion
(10%) of PD is inherited (3). Case- control studies
have shown a positive association between family
history and PD (27,28). There are numerous
literature reports of families with large numbers of
individuals who are affected with PD at an early age.
At least three autosomal dominant traits and one
autosomal recessive trait have been identified (29).
The genes involved in the hereditary forms of the
disease are not found in most people with PD (30).
However, it is felt that given the similarity of both
pathologic changes and symptoms of hereditary and
sporadic PD, similar mechanisms may be involved
in both types. In the hereditary form of the disease,
the mutation may activate or speed up the cascade
of events; in sporadic disease, environmental
triggers may be responsible (5). “Identifying genes
that can cause Parkinson’s disease is crucial for
understanding the disease process, revealing drug
targets,” and “improving early diagnosis” (24).

Idiopathic PD is sporadic and may involve
environmental as well as genetic factors. Numerous
twin studies have shown a small role for inherited
factors in the general population (31-34). Recently
a large (20,000) twin study showed a low rate of
hereditary factors in the general population (35).
The study identified 193 twin pairs for which at
least one twin had PD. No genetic component was
evident for disease beginning after age 50 years.

In an accompanying editorial, it was urged that
researchers return to the focus on environmental
chemicals, especially pesticides, as a cause (5).

Age is the most important biological determinant
of PD. While the inherited form of the disease often
occurs in the third or fourth decade of life, most
cases of idiopathic PD begin after age of 50, and PD
incidence increases as a function of age (3). As is
discussed above, gender may be an important factor,
with males being at greater risk before the age of 60;
however, these findings have been inconsistent and
have not controlled for exposure differences.
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Numerous environmental etiologies of PD have
been suggested by research, including rural living;
well water consumption; and pesticide, heavy
metals, and hydrocarbon exposures. Several lifestyle
factors have been evaluated. Evidence from
epidemiological, twin, animal, and individual case
studies strongly suggest environmental factors. No
single exposure has been consistently implicated
(30,36). It seems likely that a number of agents
that increase oxidative stress on cells—certain
pesticides, heavy metals, hydrocarbons, dietary fat,
and plant toxins—increase the risk for PD. The
epidemiological studies selected for review are
shown in Table 1.

In the last 20 years, numerous lines of evidence
have accumulated that suggest that factors
associated with farming and rural living play a role

in the processes that lead to PD (27,37,38). Some of
these studies implicate drinking well water (39,40),
but others have not (25,38). Other studies have
found little or no association with rural living and
PD (41-43).

Farming has been associated with PD in a number
of studies (25,37,38), but not in others (43,44).
Generally, studies that have assessed past pesticide
usage have found significant associations with PD.
Data from PD mortality and pesticide exposure

in California show an increased PD mortality in
California counties using agricultural pesticides on
at least 37% of the land area (45). In cases where
both pesticides and rural living were assessed,
pesticides generally are significantly associated,
suggesting that this factor may be at least partly
responsible for the association with rural living
(25,27,37,38). Hertzman found an association
between PD and overall occupational exposure to
pesticides, but not exposures to specific types of
pesticides (26). There were, however, relatively few

pesticide-exposed
subjects, and there
is a possibility

that subjects did
not have accurate
recall of pesticide
use. Moreover, use

of pesticides may not
serve as a good proxy of
exposure.

Herbicides and insecticides show
strong relationships with PD in a number of studies.
A recent study produced similar results in terms of
overall pesticide risk; much but not all of the excess
risk was associated with exposures to herbicides and
insecticides, but not fungicides (25). This study was
particularly strong from the standpoint of verifying
the diagnosis for PD, but there were relatively few
subjects with histories of exposures to pesticides.
Exposure history was based solely on recall of
subjects, and it was not possible to pinpoint specific
pesticides within broad classes. A number of other
studies seem to support an association between
use of herbicides and PD as well (26,46—48).
Liou found a strong relationship between PD and
pesticide usage, particularly the herbicide paraquat,
in Taiwan. There was evidence of a dose- response
relationship with time of use of all pesticides and
paraquat and increased risk of PD. However, the
exposure information came from an open-ended,
structured interview and thus might be more subject
to recall bias (38).

Not only Gorell (25) but also Seidler (46)
found evidence for an association between PD
and insecticide exposure history. Seidler found
significantly elevated odds ratios (OR) for two
classes of insecticides as well, organochlorines and
alkylated phosphates/carbamates (46). Fleming
et al. assayed levels of organochlorine pesticides
in the brains of PD autopsy patients and controls
(49). They found higher levels of the organochlorine
insecticide dieldrin in the PD patients’ brains.
This study was limited by its small size and the
fact that a number of pesticides were assayed;
one could have been elevated in cases by chance




alone. Overall, there appears to be strong evidence
for an association between pesticide exposures

and PD. Epidemiology studies point to herbicides
and insecticides as a class, and specifically to
paraquat and organochlorine pesticides that may be
associated with PD.

It should be cautioned that data from
retrospective epidemiology studies are prone to
misclassification problems, particularly in the
case of diseases like Parkinson’s, where it may be
necessary to obtain history from family members
because of dementia in patients (28). Moreover,
most studies have not been able to pinpoint the
specific pesticide exposures. Broad classes of
pesticides, like insecticides and herbicides, have
members that exhibit a wide array of toxicities. It
is thus necessary to consider biologic mechanisms,
toxicology data, and other information in assessing
whether a link between pesticides and PD is
plausible. Although the precise biologic mechanisms
contributing to the risk of PD associated with
exposure to herbicides and insecticides are
unknown, many pesticides are known to induce
oxidative stress by inhibiting mitochondrial oxidative
phosphorylation, potentially generating hydroxyl
radicals, and depleting levels of reduced glutathione
in cells, thereby diminishing the ability to scavenge
toxic free radicals (25). Specific pesticides have
been identified as risk factors in human or animal
studies, most notably rotenone (50), paraquat
(37,38,46), organochlorine pesticides (48,49),
diethyldithiocarbamates (48), and organophosphate
pesticides (27).

Rotenone is a pesticide that is used for insect
control in home gardens and agriculture, for louse
and tick control on pets, and for invasive fish
eradications as part of water body management. It
is a natural pesticide derived from plants. A potent
inhibitor of the electron transport chain, it easily
crosses biological membranes (50). In chronically
exposed laboratory rats, it appears to reproduce the
neurochemical, pathological, and behavioral features
of PD (50).

Paraquat and diquat herbicides are known to
deplete dopamine and to produce PD-like symptoms

in frogs (51) and cause long-lasting reduction

of catecholamines in the midbrain of mice (52).
Paraquat is similar in structure to MPTP. Although
rarely found to be associated with PD in humans,
a recent case control study in Taiwan found a
significant relationship between PD and paraquat
exposure (38).

A role for organophosphate insecticides has been
suggested by case reports in which PD followed
organophosphate poisoning (53). It is not clear
whether these cases are relevant to lower level
exposures to organophosphate insecticides in the
environment.

Diethyldithiocarbamate herbicides (a class of
carbamate pesticides that do not inhibit acetyl
cholinesterase) have been found to enhance the
neurotoxicity of MPTP and methamphetamine
(54-56). A recent rodent study suggests that
a diethyldithiocarbamate pesticide (maneb) in
combination with paraquat may cause PD (57).

Studies that have assessed metals exposure in
general have supported the hypothesis that metals
exposure is associated with PD. Occupational
exposure to a number of metals has been associated
with PD (43,58). A community study in Michigan
indicated that counties with chemical, iron, copper
and pulp/paper industries had higher prevalence
of PD (58). Zinc has not been associated with PD
(46). This study had a weak ecological design; many
later studies provide stronger evidence as described
below.

One study (59) showed a strong association
between blood and urinary mercury levels and
PD, with large and significant adjusted odds ratios
of 21.0 and 18.6 for the two highest tertiles of
mercury levels compared with the lowest tertile
of blood mercury. Blood mercury levels in the
population generally reflect body burdens of
methylmercury (60). Other studies did not find
associations with mercury work exposure history
(44,46,61). However, studies that rely on exposure
histories rather than blood and urine mercury levels
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may have two problems. First, actual exposures
may have been different because of inaccuracy

of exposure assessment by recall. Second, the
form of mercury that would be present in work
environments (elemental mercury and inorganic
mercury compounds) has different toxicity than
methylmercury. Methylmercury is more toxic to
the brains of developing infants (60) and in adults
as well. However, blood mercury levels measure
exposures that are more recent, and occupational
histories are the only way to quantify exposures in
the past that may have changed over time.

A recent population-based case-control study
of PD and occupational exposure to iron, copper,
manganese, mercury, zinc, and lead came to the
following conclusions. More than 20 years exposure
to copper and manganese was associated with
elevated odds of PD: for copper, OR=2.5 and for
manganese OR=10.6. Combinations of lead-copper
(OR=5.2), lead-iron (OR=2.8), and iron-copper
(OR=3.7) had greater association with PD than
any of these metals alone. Gorell concluded that
“chronic exposure to these metals is associated
with PD, and that they may act alone or together
over time to help produce the disease” (61). Other
studies have not found an association with copper
(46,62).

For several metals, there is a strong theoretical
basis for a causal role in PD. Tron, copper,
manganese, and lead are transported across the
blood brain barrier. All have shown the potential
to cause oxidative stress via generation of free
radicals (63-65). One of these, manganese, is of
particular concern because of the approval of MMT
(methylcyclopentadienyl manganese tricarbonyl)
as a fuel additive. Methylmercury also crosses the
blood brain barrier and is a potent neurotoxicant.

Workers exposed to high levels of manganese
develop a neuromotor disorder called manganism,
which has symptoms similar to PD (51,66). Studies
of highly manganese-exposed humans show damage
in the striatum and in areas that are post synaptic
to substantia nigra efferents (67—72). The effects
of manganese exposure from MMT in the general
population have not been assessed, and use of

MMT in the U.S. reportedly is low at this time.
Animal studies have produced conflicting results
about manganese and central nervous system effects
relevant to PD, largely due to differences in species,
dosing, and other study design issues. However,
studies in primates indicate that manganese can
produce a decrease in dopamine content and/or
neuronal loss in the globus pallidus (73—-76). The
U.S. Environmental Protection Agency (EPA)

in 1994 attempted to delay the introduction of
MMT into the U.S. fuel supply pending further
toxicology studies. A federal court overturned the
EPA decision, and thus, MMT is allowed for use in
the U.S. Subsequently, an effort by the government
of Canada to ban MMT was overturned using

a provision of the North American Free Trade
Agreement. Environmental groups have urged the
U.S. petroleum industry to refrain from using MMT,
pending further tests, but there is no legal bar from
its use in the U.S. or elsewhere in the world. PSR
took a strong position in opposition to the use of
MMT as a fuel additive pending proof of safety (77).

For the purpose of this paper, industrial chemicals
are defined as chemicals (other than metals)

that are used for purposes other than pesticidal

and pharmaceutical. In 1989, Tanner reported

an association between exposure to industrial
chemicals and PD in China (43). Case reports and
population studies have pointed to hydrocarbon
exposure as causative of parkinsonism. (See Table 1)
Solvents that have been implicated include: carbon
tetrachloride (78), fluoralkane solvent mixture with
nitromethane (79), n-hexane (80), petroleum wastes
(81), and solvent abuse (82). A survey of elderly
Canadians assessed the odds for subjects reporting
PD from a cohort study of reported exposure to

30 different environmental and occupational

factors (83). For five of these factors, there were
significantly (p<0.05) elevated ORs for PD:
exposure to plastic resins (OR=8.79), epoxy resins
(OR=6.94), glues (OR=4.26), paints (OR=3.84),
and petroleum products (OR=2.30). Although this




is one of few studies
with measures of
exposures, it was

not designed as a
study of PD, and the
diagnoses of PD were
obtained by history
from the subject and/or
caretakers, without medical
validation. Seidler also found
significant associations for history of

exposure to solvents at work or home and exposure
to glues, paints, or lacquers at work (46). Hertzman
reported a significant association between solvent
exposure history and solvents among males and not
females (26). Ohlson did not find a relationship with
solvent exposure (44). Exposure to hydrocarbon
solvents has been shown to be a risk factor for
earlier onset and greater severity of disease in people
with PD (84). N-hexane and its principal toxic
metabolite (2,5-hexanedione or 2,5-HD) are well
known neurotoxins. In rodents, n-hexane and 2,5-
HD induce neurochemical deficits similar to those
in PD (85,86). It is unknown whether a chronic
lower level exposure to solvents increases the

risks of PD, however, the evidence would support
the notion that a number of industrial chemicals
contribute to the development of PD.

MPTP was a contaminant of an illegally
manufactured synthetic opioid (meperidine) that
was sold as a recreational IV drug. At least 400
people are known to have self-administered MPTP;
several of them went on to develop parkinsonism
(87-89). The fact that not all users developed
parkinsonism could be related to variations in
dose, susceptibility, and other factors (such as
differential exposures to other PD risk factors).
Subsequent to the episode, a metabolite of MPTP,
MPP+(1-methyl-4-pyridinium), was found to be a
mitochondrial poison that inhibits mitochondrial
respiration (90,91).

Consumption of coffee and other caffeine-

containing foods is generally associated

with a modest but significantly decreased
risk of PD that does not seem to be related
to nutrients in coffee (92). Whether this is
a causal association or vice versa (perhaps
aversion to caffeine being among the first
symptoms of PD) is unknown. Caffeine does not
improve symptoms of parkinsonism in clinical
studies, so it is unlikely that this is a matter of self-
medication and obscuring of PD in coffee drinkers
(92).

A number of studies have supported a small but
significant inverse relationship between smoking
and PD (38,93-96). Some case-control studies
have not supported these findings (27,37,97,98).
Morens, Grandinetti, et al. (1996) looked for
evidence that the association was due to earlier
mortality by smokers and found that this was not
the case (96). Different authors have interpreted
this inverse association in a number of ways. Some
believe that smoking is a confounder for some other
protective factor; others believe that nicotine may
confer some benefit. Still others have hypothesized
that those who are at risk for development of PD
have either less effective detoxification enzymes
or lower dopamine levels, which makes them less
likely to smoke (99). In either case, the effect is not
strong and would not support arguments in favor of
smoking.

Studies that have examined alcohol consumption
have generally been negative or have shown an
inverse association with PD (27,37,38,100—105).

In conclusion, caffeine, smoking, and alcohol
consumption are not risk factors for PD. In some
studies, they seem to have a protective effect, and
it has been suggested that this may be the case on
a biochemical basis (100). It may be that these are
markers for other factors that confer a lower risk of
PD (100). Others have speculated that early stages
of PD may involve changes in olfaction that would
decrease enjoyment of consuming these substances.
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Associations between diet and the development of
PD have been inconsistent. There is a theoretical
concern that diets high in saturated fat might
increase oxidative injury to neurons (106). In one
study, high intake of animal fat was associated with
a threefold risk of PD (107).

Another dietary concern has to do with the
presence of toxins that naturally occur in certain
foods. In the French West Indies, consumption
of herbal teas or fruit from the Annonaceae family
was associated with an increased risk of atypical
parkinsonism (108). On Guam, the Chamorro
population has suffered from a neurodegenerative
disorder known as the Guam amyotrophic lateral
sclerosis-parkinsonism-dementia syndrome, which
has been linked to consumption of seeds from the
plant Cyas circinali (109).

There is some limited evidence that head trauma

is another risk factor for PD (28). This would be
consistent with the hypothesis that PD may result
from the cumulative impacts of a number of insults
to the brain.

Little information is available about social factors in

association with PD.

Epidemiological investigations would be useful to
determine the environmental risk factors for PD.
A recent report by the Department of Health and
Human Services concluded that a prospective
study, which follows people who do not yet have the
disease, would help identify the causes of PD (24).
We agree with this conclusion.

The National Institute for Environmental Health
Sciences is encouraging research in the following
areas:

* Development of biomarkers of preclinical
disease to identify people at risk for selected
environmental toxicants and to identify people
who would benefit from neuroprotective drugs.

* Epidemiological studies to identify specific
agents and/or combinations of chemicals
associated with an increased risk of
neurodegenerative disorders.

* Development of models of chronic exposure
to environmental agents and potentiating
chemical interactions leading to neuronal
injury.

* Studies using genetically modified animals
to identify increased susceptibility to
environmentally induced neurodegeneration.

* Studies on the effects of aging and
of inflammation on toxicant-induced
neurodegeneration.

Overall, these recommendations are sound,
although PSR would not support the use of
neuroprotective drugs as a means of allowing
preventable exposures to known toxicants. There
is also the need to specifically recommend that
the National Institute for Environmental Health
Sciences fund research with a focus on exposures to
pesticides and metals and PD. Such studies should
consider that exposures very early in life could be
relevant, given the pathogenesis of the disease.

In addition, to elucidate environmental exposures




that may cause PD, more study of women with PD
is warranted. Much of the research has been of
occupationally exposed males, and their exposure
patterns may be very different than that of females.
In addition, there is a need to create new
research capabilities. The National Institute for
Environmental Health Sciences has concluded that
resources and tools that could promote research
on PD include genetic screening technologies,
models of PD, biomarkers, neuroimaging, and brain
banks and other repositories (24). In addition,
establishment of a patient registry would be useful
for identification of risk factor genes and important
for understanding epidemiology, prevalence, and
trends.

The data on incidence and prevalence of PD are
inconsistent among studies and do not give the
ability to examine trends. What is needed is an
effort to track cases of PD and parkinsonism. The
Centers for Disease Control and Prevention should
develop case definitions that are appropriate from
the standpoint of surveillance, in being capable

of consistently monitoring the general levels and
trends of PD in the population, as well as to better
understand its distribution in society. Whereas

the more reliable etiologic studies have used strict
clinical criteria and examinations by neurologists,
tracking efforts will rely upon more readily
available data like medical records and/or health
interviews. It may be necessary to conduct research
for the purpose of establishing and validating
methods for surveillance of PD and other chronic
neurodegenerative disorders. Given the complexity
of the diagnosis, most likely, a registry approach for
surveillance (similar to the approaches that have
been taken for birth defects and cancer) would be
more appropriate than a health interview approach
(which has been used for asthma and diabetes). In
any case, development of surveillance tools for PD
should be in the context of surveillance for other

major neurologic disorders (most notably Alzheimer’s
Disease as well as parkinsonism) and chronic
diseases in general. Any surveillance program for PD
needs to collect information on exposures as well.
Important information would include the place of
residence (because of the importance of rural living
and especially proximity to pesticide applications)
and occupation (because of the strong relationship
with numerous occupational risk factors.)

Among the exposures that might be related
to PD, very few are monitored in the human
population by the federal government. These
include organophosphate pesticides and certain
metals. Exposures that might be related to PD need
to be tracked so that the needed research and public
health investigations can be carried out. Tracking
of exposure to these agents should occur for both
the general population and in the occupational
setting. Ideally, one would seek information on
exposures to a number of herbicides, including
chlorphenoxy herbicides and paraquat/diquat; major
classes of insecticides, including organochlorines,
organophosphates, and carbamates; heavy metals,
especially manganese and mercury; and solvents
and other components of plastics, plastic resins,
paints, and glues. Reporting of pesticide usage, as
is currently carried out several states, would also be
warranted.

Given that the causes of PD are largely unknown,

it makes sense to take steps to reduce exposures to
toxic compounds that may be associated with PD.
Such exposures can occur in a number of ways:
through occupational activities, in food and water,
in air, and via use of products. PSR already supports
the phase out of the “dirty dozen” persistent organic
pollutants, which include organochlorine pesticides
that have been suspected to be associated with PD.
In the future, it is expected that the United Nations
Environment Program will begin to address the
problem of mercury on a global basis. Although the
evidence for association with PD is not strong (being
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based on only one study), it nonetheless adds weight
to the strong argument for global phase out of many
uses and emissions of mercury to the environment
(110).

Generally, there is much room for reduction
of pesticide exposures to people in rural areas.
First, there is a need to support ongoing efforts to
generally reduce the use of pesticides and to move
toward integrated pest management approaches
that emphasize minimum pesticide usage and
using less toxic pesticides. Second, an increased
level of attention and support needs to be provided
for farm workers, who have much less protection
than industrial workers, who handle the very same
pesticide chemicals. Strong EPA implementation
of the Food Quality Protection Act, including
assurance that the full health impacts are assessed,
would also result in reduction of risks from
pesticides. This would be a sensible precautionary
step to take even while continuing research to
determine whether the associations between
pesticides and PD are causal in nature.

Manganese poses a special challenge for PSR
and other environmental groups. As mentioned
previously, the fuel additive MMT was allowed
to enter the market in the U.S. without adequate
toxicity testing. When EPA later attempted to
remove it pending tests, the courts supported the
industry contention that EPA was not allowed to
do so under the Clean Air Act. EPA could take
action with respect to MM under another act, the
Toxic Substances Control Act, but has not done so.
Several key organizations have already has taken a
strong position against the use of MMT in gasoline
(77). Potentially, the EPA should be petitioned to
take this action, but would need to be prepared
to follow up with a court hearing. Alternatively,
there could be an attempt to educate Congress to
amend either the Toxic Substances Control Act

or the Clean Air
Act to ban MMT
pending proof of

its safety (which is
unlikely, especially
considering the
worker exposures to

gasoline from refinery
to pump to automobile.)
At this time, given the
decision under the North

American Free Trade Agreement (and the likelihood
of similar decisions under the General Agreement
on Tariffs and Trade) MMT truly poses a global
concern, especially given that it is marketed as a
substitute for lead fuel additives in countries that
are still phasing out lead in gasoline.

In total, there is strong evidence supporting

the notion that PD is caused by environmental
exposures. Since PD results from the interaction
between normal aging and environmental or
genetic risk factors, the incidence of PD is bound
to increase with advancing age. Census Bureau
population estimates predict that between 1990 and
2040, the elderly population in the U.S. will more
than double, from 31.6 to 68.1 million (20). With
the increasing age of the population and growth

of the number of elderly individuals, a substantial
increase in PD is inevitable. This changing
demographic trend creates a scientific imperative
to understand better the causes and means of
preventing PD. Many of the critical needs for
research, tracking, and risk reduction, if solved for
PD, would have widespread benefits for the health
of populations.
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