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Note to Readers



IN THIS BOOK, WE SHARE THE STORIES OF PEOPLE AFFECTED BY Parkinson’s disease. Most of these accounts are based on interviews we conducted. In some cases, individuals asked that their names be changed to protect their privacy; we note these instances in the text. Other stories are taken from published reports and are referenced as such.


The views expressed here are those of the authors and not necessarily those of their employers. The authors are devoting their net proceeds to efforts to help end Parkinson’s.













Glossary



Below are definitions for key terms used in this book.


alpha-synuclein: A protein that is misfolded, or altered, in people who have Parkinson’s disease. The misfolded protein forms clumps in nerve cells and likely contributes to nerve cell death.


dopamine: A chemical that is released from nerve cells in areas of the brain that are affected by Parkinson’s.


levodopa: A drug that is converted into dopamine and is a highly effective medication for Parkinson’s disease.


Lewy bodies: The clumps of misfolded alpha-synuclein and other proteins that are found in the brains of individuals with Parkinson’s disease.


LRRK2: A specific gene that codes, or gives building instructions, for a protein in the brain and other parts of the body. Mutations in this gene are the most common genetic cause of Parkinson’s disease.


mitochondria: The energy-producing parts of cells, which are damaged in Parkinson’s and by some pesticides.


MPTP: An accidental chemical by-product of a street formulation of synthetic heroin. MPTP kills dopamine-producing nerve cells and has caused parkinsonism in some users of heroin.


neurotransmitter: A chemical that is released from nerve cell endings and enables communication between cells.


parkinsonism: A general term for any syndrome that causes tremors, slowed movements, stiffness, and imbalance. This condition has many causes, including Parkinson’s disease, certain medications, and other diseases.


pesticide: Any substance used to prevent, destroy, repel, or mitigate any pest, including herbicides (for weeds), insecticides (for insects), and fungicides (for fungi) among other chemicals.


substantia nigra: A Latin phrase that literally means “black substance.” It refers to a small region of the brain that contains pigmented dopamine-producing nerve cells, which are damaged in people who have Parkinson’s disease.













Abbreviations



Below are common abbreviations used in this book.


EPA: US Environmental Protection Agency


FDA: US Food and Drug Administration


NIH: US National Institutes of Health


TCE: Trichloroethylene, a chemical that has been linked to Parkinson’s disease













INTRODUCTION





Every civilization has its own kind of pestilence and can control it only by reforming itself.


—René Dubos, Mirage of Health, 19591




ON A BRILLIANT, BLUE-SKY DAY IN JUNE 2018, THE UNIVERSITY of Rochester hosted its annual Men’s Health Day at the Locust Hill Country Club in upstate New York. Over three hundred men, most in their fifties, sixties, and seventies, came to hear the latest on enlarged prostates, colon cancer, and heart disease. I came to speak about Parkinson’s disease.


Months earlier I had written a paper titled “The Parkinson Pandemic” with my friend and colleague—and now coauthor—Bas Bloem.2 In it, we explained that neurological disorders are the world’s leading cause of disability. And the fastest growing of these conditions is not Alzheimer’s but Parkinson’s disease. From 1990 to 2015, the number of people with Parkinson’s more than doubled from 2.6 million to 6.3 million.3 By 2040, the number will double again to at least 12.9 million, a stunning rise (Figure 1).4


This is what I know. This is what I study. But as I stood there in front of the packed room at Men’s Health Day, I was not prepared for what I was about to see. I opened my talk by asking how many people in the audience had a friend or family member with Parkinson’s. Before I could finish asking the question, over two hundred hands had flown up—almost the entire room. Everyone looked around. A silence settled on us as we took in the sight. It didn’t matter that I was an expert or that I had helped develop the statistics. Data always feel remote, but here it was in front of me, the evidence of the pandemic.
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FIGURE 1. Estimated and projected number of people with Parkinson’s disease globally, 1990–2040.5








Parkinson’s disease is characterized by tremors, slowness in movement, stiffness, and difficulties with balance and walking. It can also cause a wide range of symptoms that are not visible—loss of smell, constipation, sleep disorders, and depression. Most people with Parkinson’s are diagnosed in their fifties or later. But it is not just a disease of the elderly. Up to 10% of those with the condition develop the disease in their forties or younger.


Parkinson’s stems from a loss of nerve cells in a particular region of the brain that produces dopamine, the brain chemical that helps control movements such as walking. The disease has multiple causes including environmental hazards—air pollution, some industrial solvents, and particular pesticides. In addition, certain genetic mutations, head trauma, and the lack of regular exercise all increase risk.6


The scale of the disease can feel overwhelming and the challenge daunting. But we can stop Parkinson’s in some cases, and we may already know how.


In the meantime, while there is no cure for Parkinson’s yet, many aspects of it are treatable. Just as exercise can reduce our risk of developing the disease, it can also help alleviate its symptoms.7 Medications aimed at replacing the dopamine that is lost in the brain are also beneficial. However, complications can develop with high doses or long-term use of some drugs. In certain cases, brain surgery can help treat these side effects.8


Although Parkinson’s is a progressive disorder—it becomes worse over time—most people can still live long and productive lives. Especially for the first five to ten years following diagnosis, individuals can function at high levels, working, traveling, and enjoying life.


Of course, the disease still takes a profound toll on individuals and their families. Up to 40% of people with Parkinson’s will eventually require nursing home care, and the caregiving burden is immense.9 Life expectancy is reduced modestly, and many die from falls or pneumonia.10
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THE SEMINAL DESCRIPTION OF PARKINSON’S DISEASE CAME IN 1817, at the height of the Industrial Revolution in London.11 Dr. James Parkinson observed six individuals who walked with an unusual gait and had “shaking limbs.” Parkinson’s disease, as it became known, was almost certainly rare then.


Neither our increased awareness of the disease nor our lengthening lifespans can fully account for the upsurge in diagnoses that we now face. Our knowledge of another neurological disorder, multiple sclerosis, has increased too, and we have improved diagnostic tools for it. Rates for multiple sclerosis have indeed gone up, but that increase is nothing like the exponential rise of Parkinson’s (Figure 2). As for aging, more people are, of course, living longer. For example, from 1900 to 2014, the number of individuals over age sixty-five in the United Kingdom increased about sixfold. However, over that same period, the number of deaths due to Parkinson’s disease increased almost three times faster.
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FIGURE 2. Number of deaths caused by Parkinson’s disease and multiple sclerosis in England, 1860–2014.12 Changes in coding in the 1980s likely contributed to the fluctuations in deaths recorded during this period.








How did we get here? While industrialization has raised incomes and life expectancies around the world, its products and by-products are also likely increasing the rates of Parkinson’s.13 Air pollution began to worsen in England in the eighteenth century, metal production and its harmful fumes increased in the 1800s, the use of industrial chemicals rose in the 1920s, and synthetic pesticides—many of which are nerve toxins—were introduced in the 1940s.14 All are linked to Parkinson’s—people with the most exposure have higher rates of the disease than the general population.


The evidence for this connection is overwhelming. Countries that have experienced the least industrialization have the lowest rates of the disease, while those that are undergoing the most rapid transformation, such as China, have the highest rates of increase.15 Specific metals, pesticides, and other chemicals have all been tied to Parkinson’s in numerous human studies.16 When animals are exposed to many of these substances in lab experiments, they develop the typical characteristics of the disease, including difficulty walking and tremors.17


Despite the vast evidence, we are doing little to manage these threats. The US Environmental Protection Agency (EPA) had at one time proposed banning one of the chemicals that is tied to Parkinson’s, a solvent called trichloroethylene. But after lobbying by the chemical industry, the EPA decided in 2017 to postpone the ban indefinitely.18 The uses of trichloroethylene have been so numerous and widespread—in washing away grease, cleaning silicon wafers, removing spots in dry cleaning, and even, until the 1970s, decaffeinating coffee—that almost all of us have been exposed to it at some point in our lives.19 Some of these uses continue today. Almost half of Superfund sites—land so polluted that the EPA or the responsible parties have to clean it up—which are found in nearly every state, are contaminated with trichloroethylene.20 Thousands of other sites are polluted across the country, including one, as I discovered in the process of writing this book, fifteen minutes from my home.21


As a result, up to 30% of the US drinking water supply has been contaminated with trichloroethylene.22 Because it readily evaporates from groundwater and soil, the solvent, like radon, can enter homes or offices through the air, undetected.23 Parkinson’s is not even the most concerning safety risk. According to the EPA, trichloroethylene also causes cancer.24


But trichloroethylene is only one dangerous chemical that we have failed to protect ourselves against. Paraquat is a pesticide that is so toxic that thirty-two countries, including China, have banned it.25 Exposure to the chemical increases the risk of Parkinson’s by 150%.26 Yet the EPA has done little. And as the agency charged with protecting our environment sits, paraquat’s use on US agricultural fields has doubled over the last decade.27


The nerve toxin chlorpyrifos is the most widely used insecticide in the country, drenching golf courses and dozens of crops, including almonds, cotton, grapes, oranges, and Washington State apples. It has been linked not only to Parkinson’s but also to problems with brain development in children. Again, the EPA has shelved a ban. When a federal court stepped in to take action against the chemical, the Trump administration appealed.28 And in July 2019 in response to a court ordering a final ruling, the EPA decided that it would allow continued use of chlorpyrifos.29


All of the evidence indicates that the full effect of the Parkinson’s pandemic is not inevitable but, to a large extent, preventable. However, we cannot remain silent.


We have been here before. We have faced down other difficult illnesses that have threatened us. Three of them—polio, HIV, and breast cancer—share similarities with Parkinson’s and offer valuable lessons for how we can take it on. Polio is a disabling neurological condition. HIV affected large numbers of individuals globally in a very short period. Breast cancer likely has both environmental and genetic causes.30 At some point, society ignored all three until the people who knew the diseases intimately—and understood their toll firsthand—stepped forward. Their activism changed the courses of these diseases and has improved and saved the lives of millions.


That is why we are writing this book. Yes, we are sounding the alarm that this pandemic is upon us. But we also know that if we respond now to the challenge it presents, we can save many people from suffering. Individually and collectively, we can take some very practical actions to stop the damage.


In Ending Parkinson’s Disease, we will discuss what new policies, protections, and resources can slow the disease. The Netherlands, for example, banned trichloroethylene, paraquat, and other pesticides linked to Parkinson’s years ago—and it worked. Rates of the disease decreased.31 This outcome shows how stemming the tide of Parkinson’s is within our reach.


We will also examine how we can offer better support and care to the millions affected by Parkinson’s today. We will see what new therapies are on the horizon and how close we are to introducing novel treatments that may slow or stop the progression of Parkinson’s. Some of these will arrive in time to help people who already have the disease. Others may even help to prevent Parkinson’s altogether.


At the end of the book, we outline what all of us can do to lower our risk, increase resources to address the condition, extend expert care to all those in need, and slow the advance of Parkinson’s.


Along the way, we will highlight the experiences of courageous individuals with the disease, tireless caregivers, and fearless advocates. We will hear their stories, learn from their experiences, and take inspiration from their actions.


The four of us—one neuroscientist and three neurologists who specialize in Parkinson’s—have devoted most of our professional lives to this disease. Twenty years ago, Dr. Todd Sherer conducted groundbreaking research linking pesticides to Parkinson’s disease. He now leads The Michael J. Fox Foundation for Parkinson’s Research, the largest private funder of Parkinson’s research in the world.32 Dr. Michael Okun, who first characterized Parkinson’s as a pandemic, has pioneered new surgical treatments for people with the disease and written multiple books and articles on the topic.33 Professor Bas Bloem is a leading authority on gait disturbances and falls in Parkinson’s and co-created the world’s largest care program for people with the disease.34 And with my colleagues, I have used technology to expand access to care and develop new methods for measuring the disease.35 All of us are working to advance better treatments for the condition.


While we are hopeful about making our patients’ lives better, our true passion is preventing people from ever having to face Parkinson’s. We are frustrated when we see women and men in our clinics who have suffered head trauma or been exposed to pesticides on a farm, solvents at work, contaminated groundwater in their neighborhoods, or polluted air in their homes. All of these risks for Parkinson’s can be mitigated. We humans have helped create this pestilence. And we can now work to end it.













PART ONE


A Formidable Disease













1



SIX MEN IN LONDON


The Discovery of a New Disease and Its Causes




The unhappy sufferer has considered [the disease] as an evil, from the domination of which he had no prospect of escape.


—Dr. James Parkinson, “An Essay on the Shaking Palsy,” 18171




AT THE TURN OF THE NINETEENTH CENTURY, BRITAIN WAS booming and its Industrial Revolution was about to transform the world. Coal mining fueled James Watt’s steam engine. Iron smelting enabled the building of new bridges, while steamships and the telegraph linked disparate lands. The spinning jenny churned out wool and cotton, gas lights illuminated theaters, and author Jane Austen challenged social norms. Populations soared, and London, the epicenter of all of it, exploded with prosperity.2


The city was also becoming filthy. Humans and factories dumped their waste into the River Thames. Poor sanitation and overcrowding spread infectious diseases, including cholera, typhus, and tuberculosis. With the new industries came new chemicals and pollutants spewing from what the poet William Blake called “dark Satanic mills.”3


According to one environmental researcher, “It’s difficult to fully capture just how polluted London’s air was throughout the 19th century.”4 These industrial London fogs (Figure 1) were “often so dense that they… interrupted general economic activities, and even contributed to [the city’s] becoming a breeding ground for crime.”5 It was on these hazy streets that a seasoned physician observed something new.
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FIGURE 1. Illustration of London fog, 1847.








A BRIEF HISTORY OF PARKINSON’S DISEASE


A suffragist, activist, paleontologist, and advocate for the mentally ill, Dr. James Parkinson had many lives.6 Because of his politically radical stances, he used pseudonyms and, at one point, narrowly avoided imprisonment for his alleged role in a plot to assassinate King George III.7 However, his most enduring contribution to humanity was not his politics but a single essay that was destined to become a medical classic.


In 1817, Parkinson was a local doctor in Hoxton Square, London, where, almost two hundred years earlier, William Shakespeare had crafted many of his plays. Parkinson’s literary contribution was titled “An Essay on the Shaking Palsy.” By this time, he already had a wealth of clinical experience, gathered over more than thirty-two years of patient care.8 In his essay, Parkinson described six men, three of whom he had simply noticed on the street, who all shared similar characteristics—tremors, a bent posture, an abnormal walk, and a tendency to fall.9


Although ancient Chinese, Egyptian, Greek, and Indian texts provide rare depictions of some of these same symptoms, Parkinson’s essay was the most substantive.10 As he indicated, tremors had long been known and had multiple causes. However, the multi-symptom affliction that Parkinson was now observing on his walks had yet to be classified.11 His essay was well received, but its importance would not be recognized for decades.12


Fifty years after James Parkinson’s essay (Figure 2), Dr. Jean-Martin Charcot, the famous French neurologist, called the disorder “la maladie de Parkinson,” or Parkinson’s disease.13 Charcot added slow movements and stiffness to the list of key features.14 He also noted that not everyone with Parkinson’s disease had a tremor.


By the end of the nineteenth century, the clinical features of Parkinson’s disease were well known. In his 1892 medical textbook, Sir William Osler, the father of modern medicine, wrote, “When well established, the disease is very characteristic, and the diagnosis can be made at a glance.”15 While the external features of Parkinson’s were obvious, the underlying biological alterations were not.


THE ROLE OF DOPAMINE


What Parkinson and Charcot could not have observed in their time were the changes occurring in the brains of their patients. Scientists had long overlooked, downplayed, and ignored the chemical dopamine. But Dr. Arvid Carlsson, a Swedish pharmacologist working in the 1950s, saw dopamine differently.16 In experiments, he established that dopamine allowed nerve cells to communicate with one another. In other words, it was a neurotransmitter.


Carlsson also showed that a brain region important for movement contained high levels of dopamine. To demonstrate the chemical’s importance, he gave rabbits a drug that lowered dopamine levels in the brain. The rabbits lost their ability to hop and simply lay down. When they were given levodopa, a drug that is converted by nerve cells into dopamine, the rabbits regained their bounce.17
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FIGURE 2. Two hundred years of Parkinson’s disease, 1817–2017.
















Carlsson presented his research to the scientific community in 1960. He expected his peers to be excited. Instead, his research was greeted with almost universal skepticism.18 Some doctors even thought that levodopa might be a poison.19


Although stung at first, Carlsson would later say, “I am pleased [when] people are saying they don’t believe in me. Then I feel I’m probably on the right track.”20 And he was. His efforts and perseverance are the basis for what is still the most effective treatment for Parkinson’s and resulted in a Nobel Prize in 2000.


Notwithstanding the skeptics, other researchers picked up where Carlsson left off.21 They began measuring dopamine in the brains of deceased individuals. They found that levels of dopamine in the brains of people who had had Parkinson’s were ten times lower than in those without the condition. The levels were especially low in the same area of the brain that Carlsson had identified as typically dopamine rich. There was a simple relationship: the lower the dopamine levels, the worse the symptoms.22


This area of the brain that is normally dopamine rich is called the substantia nigra, Latin for “black substance.” It gets its name from the color of a pigmented chemical found in the region’s dopamine-producing nerve cells. In people with Parkinson’s disease, these nerve cells die off (Figure 3).


As it turns out, Parkinson’s affects more than just dopamine-producing nerve cells in the substantia nigra. Other regions of the brain producing different neurotransmitters also suffer cell loss.23 This additional damage is responsible for many of the symptoms of Parkinson’s that are not related to movement or “motor” function, such as disturbed sleep, anxiety, pain, and thinking difficulties.24 Some of these symptoms can be even more disabling than the motor symptoms controlled by dopamine.25


Based on Carlsson’s breakthrough with rabbits, researchers later tried levodopa in humans. The results were spectacular.26 “Bed-ridden patients who were unable to sit up, patients who could not stand up when seated, and patients who when standing could not start walking performed all these activities with ease after [levodopa],” the doctors wrote. “They walked… and they could even run and jump.”27 Multiple clinical trials would later replicate these dramatic effects.28 Dr. George Cotzias, a Greek American scientist who led many studies of levodopa, called it a “true miracle drug… of our age.”29
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FIGURE 3. The substantia nigra (Latin for “black substance”) in individuals without and with Parkinson’s disease. In Parkinson’s, the substantia nigra is one of the key regions in the brain where cells die.








A DETECTIVE STORY


A dopamine deficiency was now understood to cause many of the symptoms of Parkinson’s. But no one knew what killed the nerve cells that produced it. Dr. Parkinson had speculated that the disease was caused by compression of the lowest part of the brain.30 Sir William Osler, one of the founding professors of Johns Hopkins Hospital, theorized that “exposure to cold and wet and business worries and anxieties” were possible causes.31 Neither was right. The first real insights came from an unlikely source.


On July 16, 1982, at a hospital in San Jose, California, a neurology resident interrupted Dr. William Langston’s morning cup of coffee. “Dr. Langston, you have to come down here,” he said. “I’ve never seen anything like it, and no one is sure what this patient has.”32


George Carillo, a forty-two-year-old man with a history of substance abuse, had just been admitted to a locked psychiatric unit. According to Langston, “The patient’s condition was indeed extraordinary. He was clearly awake, but had virtually no spontaneous movement.… [He] looked like a textbook case of advanced [Parkinson’s disease] before the days of levodopa. But this case didn’t fit.… He was in his early forties, and his symptoms came on literally overnight. We had a first class ‘medical mystery’ on our hands.”33


Spurred by this mystery, Langston and his colleagues checked news reports and reached out to police to see if there were any other individuals like Carillo. They soon learned of five people with similar symptoms who also lived in Northern California. They had no apparent connection until Langston, digging into their histories, realized that all of them had used a new synthetic heroin that had recently hit the streets in several Northern California cities.34 The six users had developed “virtually all of the motor features of typical Parkinson’s disease, including [a] tremor.”35


Unlike the usual presentation of Parkinson’s disease, which has a gradual onset, the first symptoms in these individuals came on rapidly and were very severe. Within two weeks, they had developed “near total immobility… a complete inability to speak intelligibly, a fixed stare… [and] constant drooling.”36 It normally takes people with Parkinson’s years to reach such an advanced stage of the disease.


Levodopa helped all the patients. However, they all required lifetime treatment, soon developed marked complications, and lived with considerable disability. Langston described their fate: “Try to imagine never being able to move normally again. Never being able to raise your arm when you wanted to. Never being able to walk to the dinner table. Your life permanently and forever changed.”37 Connie Sainz was in that original California group and was only twenty-five when she developed her symptoms. She lived with the condition for thirty-six years before her death in 2018.38


Langston wanted to know what caused their disability. After obtaining samples of the synthetic heroin from police raids and friendly dealers, Langston and his colleagues found that the drug contained a chemical called MPTP.


The creation of MPTP was not intentional. Its makers were trying to synthesize an opioid similar to the prescription drug Demerol to sell on the streets. In the process, they accidentally produced MPTP.39 In the brain, it is converted to a compound called MPP+, which kills nerve cells in the substantia nigra—the cells that die off in Parkinson’s. Langston and his colleagues had found the first cause of parkinsonism (Box A).





BOX A. WHAT IS PARKINSONISM?


Parkinsonism is any syndrome that results in a combination of tremors, slow movements, rigidity, and imbalance. This collection of symptoms has many causes, including MPTP, some antipsychotic medications, infections, and neurological diseases. Parkinson’s disease is the most common cause of parkinsonism. Other diseases can also bring about these symptoms, but they usually come with additional features of their own.


The name “Parkinson’s disease” is generally restricted to parkinsonism that (a) contains few features of other diseases that can cause the syndrome and (b) responds well to levodopa.40





As it turns out, Langston’s patients in California were not the first to develop a Parkinson’s-like syndrome in response to MPTP.41 Another victim, Barry Kidston, was identified several years earlier, but despite its tremendous importance, his story was almost lost in an obscure journal.42 In 1966, Barry was fourteen years old when he fractured both wrists and a leg in a car accident. For pain relief, the doctors prescribed the opioid Demerol. Barry quickly became dependent and soon started abusing many drugs.43


Ten years after the accident, he was a chemistry major at George Washington University. According to his mother, Geraldine, he was outgoing, had a great personality, and liked to help people. Unfortunately, he was also still addicted to drugs.


He wanted to find a way to get sober. Rather than go to rehab, he started a laboratory in his parents’ basement.44 The idea, he told his mother, was to develop a nonaddictive drug—something along the lines of methadone, which would later become more widely available—that would help him kick the habit that had followed him all through school.


Barry checked out chemistry books from the nearby National Institutes of Health (NIH) and the Bethesda Naval Hospital libraries. The science was tricky and did not go well. He continued experimenting until one day he lifted his arms over his head, maybe to stretch, and could not bring them back down.45 According to his mother, “He had to walk round with them stuck straight up.”46


An astute neurologist realized that Barry’s symptoms, which also included a marked slowing of movement and a tremor, added up to parkinsonism.47 The neurologist treated him with levodopa, which quickly unfroze him. Because the case was unusual, Barry was referred to the NIH for another opinion.


There, he was seen by a team of physicians and scientists, including Dr. Eric Caine, now a professor of psychiatry at the University of Rochester. Caine recalled seeing Barry as a young man who was “stiff as a board” and “extremely slow.” The situation, he said, was very sad. “You have this guy savvy enough to do sophisticated chemistry who now has a terrible prognosis.” Upon questioning, the cause of his parkinsonism seemed to be related to the experiments that Barry was conducting and the drugs that he was producing—and consuming.


An NIH chemist went to the Kidstons’ home to retrieve some of Barry’s laboratory equipment. The researchers wanted to replicate his basement experiments in the lab. They were able to produce chemicals that were identical to the traces of material they found on Barry’s laboratory glassware.48 The scientists concluded that his symptoms were probably due to a “sloppy batch” of the opioids that he was synthesizing.49 Eventually, the culprit of Barry’s symptoms was identified as MPTP, the same ingredient that would later sicken the group in California.50


Unfortunately, Barry did not stop abusing drugs. On a September morning in 1978, he called a friend to pick him up from his parents’ home. He left, and it was the last time they saw him. “He walked out the door through the car port, smiling, and waving goodbye,” his mother said.51


At about 10 p.m., the doorbell rang. Outside were three gentlemen: a state trooper, an FBI agent, and a coroner. Barry Kidston had been found dead from a cocaine overdose under a tree on the NIH campus.52 An autopsy of his brain later showed destruction of nerve cells in the substantia nigra.53


In 1985, the Kidstons shared their story in testimony to Congress.54 They wanted other parents to be spared the loss they experienced and hoped that something good would come from their son’s tragedy.


Something did. According to Langston, out of the Kidstons’ devastation, “a renaissance in the epidemiology of [Parkinson’s] disease” took place.55 Scientists began searching for other environmental causes.


They soon realized that the chemical structure of the toxic MPP+ (produced from MPTP) was remarkably similar to a pesticide called paraquat.56 This structural similarity led Langston in California and others to find additional chemicals linked to Parkinson’s. These newly identified chemicals included the pesticides rotenone and Agent Orange, which eviscerated the jungles of Vietnam during the war in that country.57


The discovery of MPTP’s role in parkinsonism had another benefit. Langston realized that it would allow researchers to create an animal model of the disease (Box B), which did not previously exist.58 Quite remarkably, no animal in nature spontaneously develops Parkinson’s disease. In Langston’s words, it is “a uniquely human disease.”59 But now MPTP could cause the symptoms in animals and enable the testing of new treatments on them. Langston and colleagues thus used the harmful effects of MPTP to push Parkinson’s research forward.60


In the 1990s, researchers at Emory University were investigating whether the common pesticide rotenone could cause Parkinson’s. Rotenone is derived from plants and used to be sold as a household insecticide. Today it is still used by fisheries to eliminate invasive species.64





BOX B. WHAT IS AN ANIMAL MODEL?


Scientists use animals to study diseases, including Parkinson’s. In some cases, diseases occur naturally in animals.61 For example, dogs can spontaneously develop high blood pressure, heart failure, or diabetes. Other diseases, such as Parkinson’s, are unique to humans. So in order to study these illnesses, scientists give them to the animals, often mice or rats. This can be done chemically—as with MPTP—or by changing the animal’s genes.


While animal models have contributed to many scientific advances, including vaccines for measles and insulin for diabetes, they have their limitations.62 Despite their genetic similarities (mice and humans share 95% of the same genes), not all findings in mice translate to humans.


These experiments also come at a cost—the welfare and lives of animals. Three principles govern animal research. The first is that animals must not be used when approaches that do not require them are available and reliable. Second, the number of animals used should be minimized. Third, harm to animals should be mitigated.63





Dr. Timothy Greenamyre and two young neuroscientists, Drs. Ranjita Betarbet and Todd Sherer, gave the chemical to rats.65 The animals then developed features of Parkinson’s, including slow movements, an unsteady walk, a hunched posture, and the “shaking of one or more paws that was reminiscent of [a] rest tremor,” according to the researchers. And when they examined the rats’ brains, they saw other signs of the disease, including loss of dopamine-producing nerve cells. They suspected that long-term exposure to low levels of certain noxious chemicals may eventually lead to Parkinson’s.66


With the finding that pesticides can cause Parkinson’s in mice and rats, Langston sought to extend the work to humans. To do so, he joined Dr. Caroline Tanner, a Parkinson’s specialist with a doctorate in environmental health sciences who is now at the University of California, San Francisco. They wondered whether exposure to rotenone and other pesticides resulted in a higher risk of Parkinson’s among individuals in close contact with pesticides—farmers.67


They found that farmers who used specific pesticides, including paraquat and rotenone, were more than twice as likely to develop Parkinson’s as those who did not. In many cases, the exposure occurred fifteen years or more before diagnosis. The results suggested that chronic exposure to certain pesticides could indeed lead to Parkinson’s years or decades later.


THE HUNT FOR GENETIC FACTORS


Fifteen years after identifying the first environmental cause of Parkinson’s, researchers discovered the first genetic one.68 In 1997, Dr. Mihael Polymeropoulos from the NIH and his colleagues identified a mutation in the alpha-synuclein gene (Box C) in a large Italian family and three Greek families with Parkinson’s disease. In humans, this gene encodes, or gives instructions for, the building of something called the alpha-synuclein protein. This protein helps move neurotransmitters within nerve cells. Proteins are generally produced in a folded state, just like a pile of freshly ironed sheets. However, the mutation identified in the Mediterranean families caused their alpha-synuclein proteins to change shape and consequently misfold—messing up the neat pile of linens and causing Parkinson’s.69





BOX C. WHAT IS A GENE?


A gene is a piece of DNA that gives instructions for building a protein. Proteins are the workers of a cell. They perform various functions, including providing structure to the cell, transporting molecules, fighting infections, and carrying out chemical reactions.


Humans have approximately 20,000 genes. Like any message, a gene is made up of a normal sequence or series of letters or symbols. Mutations change that sequence. Some of these changes can alter the directions used to assemble proteins. A gene can have multiple mutations that can vary widely in significance—from having no effect to causing disease or even death.





Both environmental and genetic factors can trigger proteins to misfold (Figure 4). When this occurs, misfolded proteins can become toxic to nerve cells and cause disease. Rather than help transport neurotransmitters, as it normally does, the misfolded alpha-synuclein forms clumps in nerve cells. This misfolding may also spread to other nerve cells, eventually causing more cell death.70 This leads to Parkinson’s disease.


Eighty years before Polymeropoulos identified the alpha-synuclein genetic mutation, Dr. Fritz Jakob Heinrich Lewy, a Jewish neurologist who later fled Nazi Germany, observed the damage it could do. Using microscopic techniques that were cutting-edge at the time, he examined the brains of deceased individuals who had had Parkinson’s.71 In those brains, he was the first to observe clusters of the misfolded protein that was later identified as alpha-synuclein.72 He noticed that the misfolded proteins formed clumps, which appeared to be the equivalent of garbage bags—all collected together ready for disposal—within nerve cells. These protein clusters became known as “Lewy bodies.” They are found in the areas of the brain most affected by Parkinson’s, including the substantia nigra. Present in almost all cases, Lewy bodies are now considered to be landmarks of the disease.73
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FIGURE 4. How a misfolded protein can lead to Parkinson’s disease.








While the alpha-synuclein genetic mutation is rare, the significance of its discovery was immense. It demonstrated that not all cases of Parkinson’s are due only to the environment. In addition, it drove researchers to find numerous other genes that play a role in Parkinson’s. Mutations in some of these genes, like those in alpha-synuclein, are sufficient to cause the disease. In other cases, mutations simply raise the risk of developing Parkinson’s, a risk that often increases with age.


UNCOVERING A PERSONAL RISK


On September 18, 2008, Sergey Brin, the cofounder of Google, wrote a blog post titled “LRRK2.”74 Four years earlier, a research team had identified the most common genetic cause of Parkinson’s disease—mutations in the LRRK2 gene.75 Scientists had learned that 20% to 40% of Ashkenazi Jews and North African Arab-Berbers with Parkinson’s disease had underlying LRRK2 mutations compared to 1% to 2% of the general population with Parkinson’s.76 For Brin, these findings were personal.


Brin’s mother, who has the disease, “had always been haunted by Parkinson’s because her aunt had suffered from it,” Brin wrote. When his then wife, Anne Wojcicki, co-founded the direct-to-consumer genetic testing company 23andMe, Brin signed up as an early customer. He discovered that he and his mother carried the same LRRK2 mutation.77


Based on the genetic test results, Brin had a markedly higher risk—between 20% and 80%—of developing Parkinson’s. He wrote,




This leaves me in a rather unique position. I know early in my life something I am substantially predisposed to. I now have the opportunity to adjust my life to reduce those odds.… I also have the opportunity to perform and support research into this disease long before it may affect me.… I feel fortunate to be in this position. Until the fountain of youth is discovered, all of us will have some conditions in our old age only we don’t know what they will be. I have a better guess than almost anyone else for what ills may be mine—and I have decades to prepare for it.78





In the years since, Brin and the foundation he started with Wojcicki have contributed well over $100 million to Parkinson’s research.79


With environmental and genetic factors now identified as likely causes of Parkinson’s, researchers sought to determine their relative importance. In 1999, Tanner and Langston in California conducted a pioneering study of more than 17,000 twin brothers—both fraternal and identical—from a World War II registry. They found that the likelihood that a twin brother had Parkinson’s was similar among fraternal twins, whose genes are as similar as those of any two siblings, and identical twins, who have the same genes. The results suggested that environmental causes are more important in Parkinson’s. Tanner said, “For the first time today, we can say that for people with Parkinson’s disease diagnosed after age 50, it’s most commonly caused by environmental factors.”80


However, for those who develop Parkinson’s before fifty, genetic factors appear to be more important.81 The younger the age at onset, the greater the likelihood that genetics play a role.


Today, about 10% of people living with Parkinson’s are thought to have an underlying genetic cause as the principal explanation for their disease.82 While this is a small proportion, these genetic causes help scientists understand how Parkinson’s develops and provide possible targets for new treatments.


As with many diseases, most cases of Parkinson’s are likely due to a combination of environmental and genetic factors.83 For example, not everyone exposed to paraquat even in high doses (e.g., farmers working with it for many years) develops Parkinson’s disease. Most do not. Just as 85 to 90% of smokers do not get lung cancer.84 For both diseases, other factors—some genetic—must be at play.85


Similarly, most genetic factors are insufficient to cause Parkinson’s disease. For example, mutations in the LRRK2 gene do not always lead to the disease.86


So, scientists have looked for links between environmental and genetic factors and are starting to find them. In 2013, researchers found that the nerve cells of people with a mutation in the alpha-synuclein gene are more likely to die if they are exposed to certain pesticides such as paraquat and rotenone—even at levels considered safe.87 And animal studies have also found that the same interaction can lead to the loss of dopamine-producing nerve cells.88 Other studies have found similar results with LRRK2 mutations.89


Two hundred years after Parkinson’s essay, researchers have identified many causes of Parkinson’s, but more of them remain to be found. Like cancer, Parkinson’s is not one disease but rather a collection of many with different contributing factors.


The late Dr. William Weiner, a Parkinson’s expert at the University of Maryland, wrote in 2008 that “there is no single Parkinson disease and… there never has been.” To reflect the multiple causes of the disease, including environmental ones, Weiner suggested the term “Parkinson diseases.”90 These different versions of the disease can have their own causes, symptoms, rates of progression, and, potentially, treatments.91


AN ASTONISHING NEW HYPOTHESIS


At the end of his 1817 essay, Dr. Parkinson urged other researchers to “humanely employ anatomical examination in detecting the causes and nature of… this malady.” By doing so, he said its “real nature,” treatment, or cure could be identified.92


Almost two centuries later, scientists took up this challenge. Two anatomists, Dr. Heiko Braak and his late wife, Dr. Eva Braak, examined hundreds of brains. In 2003, the Braaks and their colleagues proposed stages for the disease and a startling new hypothesis: Parkinson’s does not begin in the brain.93


The researchers asked whether the disease might be caused by a yet unidentified pathogen, a pathogen being anything that causes disease. It could be a virus or a bacterium or some other external factor. We know that one cause for the misfolding of the alpha-synuclein protein is an inherited genetic mutation. But, Braak wondered, could some other pathogen be entering the body through the nose or gut, triggering alpha-synuclein to misfold, spreading to the brain, and causing the disease?94
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FIGURE 5. Photograph of Dr. Heiko Braak and his wife, Dr. Kelly Del Tredici. Courtesy of Dr. Heiko Braak.








Pesticides and other chemicals in the environment or infectious particles are possible candidates. They can be inhaled through the nose or ingested through the digestive tract and can cause alpha-synuclein to misfold.95


Compelling evidence supports the hypothesis. Braak and his second wife, Dr. Kelly Del Tredici (Figure 5), have provided additional support for the contention.96 Lewy bodies—those sacks of misfolded alpha-synuclein proteins—are found first not in the brain but in the nerves responsible for smell and gut motility, which reside in the nose and the intestines. The nose and the intestine may be the two points of entry for this neurological disease.


The nerve responsible for moving food through the gut is called the vagus nerve. This nerve begins near the bottom of the brain, in the brain stem, and travels to many destinations in addition to the gut, including the heart and lungs where it helps control heart rate and breathing.


For Parkinson’s disease, the vagus nerve may be the road that enables the Braaks’ “unidentified pathogen” to travel from the gut up to the brain, causing the misfolding of proteins as it goes.97 From the vagus nerve, the pathology of Parkinson’s—the mark of the disease—spreads upward like “a falling row of dominos” to higher brain centers that control movement and thinking.98 Recent research confirms that the pathology of Parkinson’s can indeed spread from nerve cell to nerve cell—the misfolding appears to be transmissible.99


The spread of Lewy bodies mirrors the development of symptoms.100 The misfolded proteins that show up first in the nose and gut coincide with some of the first symptoms of Parkinson’s—the loss of smell and constipation. These symptoms may begin years or decades before the classical movement symptoms develop.101 The movement symptoms, such as tremors, occur when the disease has reached the substantia nigra in the brain. But the disease does not stop there. In the late stages of the disease, the Lewy bodies spread further to the outermost portions of the brain where they can cause dementia and hallucinations.102


The Braak hypothesis may indeed be correct. Parkinson’s disease may have its origins outside the brain—and the body.103


Over the two centuries since the seminal description of Parkinson’s disease, our appreciation of this malady has broadened. We now better understand the contributions of the environment, genes, and their interactions just in time to confront a pandemic of the disease.
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A MAN-MADE PANDEMIC


How Chemicals Have Fueled the Onslaught




Could [Parkinson’s disease] be a true man-made disease?


—Dr. William Langston, who identified MPTP as a cause of parkinsonism, in 19971




IN 1961, NEUROLOGISTS FROM ALL OVER THE COUNTRY GATHERED in Atlantic City, New Jersey, for the eighty-sixth annual meeting of the American Neurological Association. They caught up with old friends, exchanged gossip on the boardwalk, and heard an intriguing new idea from two Harvard neurologists, Drs. David Poskanzer and Robert Schwab. They argued that Parkinson’s disease would disappear “as a major clinical entity by 1980.”2


The roots of their claim lay in Vienna during World War I. An Austrian pilot named Constantin von Economo, who had been stationed on the Russian front, returned to the city to resume his career as a neurologist. It was 1916, and his country needed him to care for wounded soldiers.3


In addition to tending to veterans with head injuries, von Economo saw patients with a strange new disease. The illness, which he described as a “sleeping sickness,” would strike individuals out of the blue. He observed that people were “falling asleep while eating or working… frequently in a most uncomfortable position.”4 After this abrupt onset of sleep, a headache, nausea, and fever followed. Many would go into a coma and die.


The sleeping sickness spread throughout Europe and North America and affected about 1 million people worldwide between 1915 and 1926.5 Then it vanished. By 1928, there were no new cases of the mysterious illness. Since then, only rare incidences have been reported.6


Those who recovered often developed different symptoms months or even years later. These included slow movements, stiffness, and tremors. They had what looked like Parkinson’s disease.7 The only differences were that these individuals were young and that a preceding infection had triggered the disease. Some were teenagers.8 For decades, they would remain in physically frozen states, unable to move or communicate.


Dr. Oliver Sacks, the neurologist and author, described many of these patients in his classic book Awakenings. They had endured von Economo’s sleeping sickness only to develop profound parkinsonism years later. He wrote, “Stares of immobility and arrest… started to roll in a great sluggish, torpid tide over many of the survivors.”9


The patients were “as insubstantial as ghosts, and as passive as zombies,” Sacks wrote. They “were put away in chronic hospitals, nursing homes, lunatic asylums, or special colonies. [They] were totally forgotten.… And yet some lived on.”10


Sacks was working at a psychiatric hospital in the Bronx in the 1960s when he first encountered Leonard Lowe. At forty-six years old, Lowe was mute and frozen except for tiny movements of his right hand. Lowe had developed the first sign of parkinsonism when he was a teenager. “His right hand started to become stiff, weak, pale, and shrunken,” according to Sacks. The symptoms slowly progressed, but Lowe, an avid reader, was still able to graduate from Harvard with honors. Later, when he was working toward his PhD, “his disability became so severe as to bring his studies to a halt.”11 Lowe and patients like him were “awaiting an awakening.”12


That awakening came in March 1969. Two weeks after Sacks started Lowe on levodopa (Box A), “a sudden ‘conversion’ took place. The rigidity vanished from all his limbs, and he felt filled with an excess of energy and power. [He] became able to write and type once again, to rise from his chair, to walk with some assistance, and to speak in a loud and clear voice.… He enjoyed a mobility, a health, and a happiness which he had not known in thirty years.”





BOX A. WHAT IS LEVODOPA?


Levodopa is the most effective medication for Parkinson’s. In the brain, it is converted into dopamine, which is deficient in people with the disease. Like all drugs, however, it has side effects. Over time, high doses can trigger involuntary movements. These are often writhing or dance-like motions that can make it difficult for someone to sit or stand still. Levodopa and similar drugs can also cause debilitating impulsive behaviors.





Unfortunately for Lowe, levodopa’s benefits were transient. The drug caused involuntary movements and aggressive behavior that led Sacks to stop the medication. Lowe, who would later be depicted by Robert De Niro in the movie Awakenings, never recovered. He died in 1981.


In the 1950s and 1960s, Poskanzer and Schwab, the neurologists who caused a stir at the meeting in Atlantic City, were also caring for individuals like Lowe. They believed that most cases of Parkinson’s disease were due to the sleeping sickness. They thought that as these individuals died off, so, too, would the disease.13


Poskanzer was so certain of his view that in a 1974 Time magazine article, he said, “I offer a bottle of Scotch to any doctor in the U.S. who can send me a report of a clearly diagnosed case of Parkinson’s in a patient born since 1931.”14 Of his bet, Dr. Poskanzer reported, “So far it’s cost me 14 bottles—just 14 of these younger patients identified.” The article in Time concluded, “[There] should be many fewer such patients [with Parkinson’s disease] in the future—provided, of course, that Poskanzer wins his bet.”
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FIGURE 1. Photograph of Dr. Margaret “Peggy” Hoehn.15








Poskanzer, of course, lost. While most of his contemporaries had supported his and Schwab’s contention, a few did not.16 Dr. Margaret “Peggy” Hoehn was a pioneering neurologist at a time when few women were even admitted to medical school (Figure 1). Born in San Francisco in 1930 and trained in Canada and then at Queen’s Square in London, Hoehn would become an associate professor of neurology at Columbia University and one of the world’s leading authorities on Parkinson’s disease.


Two years after Poskanzer’s bold bet in Time, Hoehn made a distinction between the parkinsonism due to the sleeping sickness that von Economo described and the classical Parkinson’s disease that James Parkinson had encountered.17 The former was a consequence of a mysterious illness that had since disappeared. The second was rising in frequency. Even before Poskanzer’s wager, Hoehn had demonstrated that the parkinsonism due to sleeping sickness was relatively rare. And as we know, far from disappearing, the number of people with Parkinson’s has soared.


Over the last twenty-five years, Parkinson’s disease is the only neurological disorder whose burden as measured by deaths, disability, and number affected have all increased even after adjusting for age.18 And the estimates are almost certainly low due to underreporting and missed or delayed diagnoses.19


THE ENGINE OF A SPREADING DISEASE


Dr. Parkinson wrote his 1817 essay in London, so it is linked in time and place to the height of the Industrial Revolution. The spread of the disease has closely tracked the growth of industrialization.


The new chemicals that this era has wrought are likely driving the spike in Parkinson’s. Dozens of studies—both of humans and of animals in the lab—have linked the two. The list of known hazardous substances is extensive and goes beyond the pesticides paraquat, rotenone, and Agent Orange. It includes certain solvents, air pollution, and some metals, such as manganese used in welding.20 Almost all of us have been, are, and will be exposed to these risks. Unless we want more of us to develop Parkinson’s, we will have to change our practices.


The use of synthetic pesticides (Box B) began in earnest after World War II. By 1990, production soared to over 3 million tons per year, or more than a pound per person.21 Between 1990 and 2016, the amount of pesticides increased by another 70%.22 Over that same period, China’s annual use of pesticides doubled from 0.8 million tons to 1.8 million. Each year, the country uses more than 2.5 pounds of pesticide for every person.23


Pesticides have improved crop yields and lowered costs, and many, if not most, are not linked to Parkinson’s.24 However, some of the most frequently used pesticides are associated with an increased risk of the disease. Given that there are pesticides that don’t pose a Parkinson’s risk, we can and should eliminate the ones that are known to be toxic to dopamine-producing brain cells.





BOX B. WHAT IS A PESTICIDE?


A pesticide is a chemical that is used to kill unwanted insects, animals, fungi, or plants. Insecticides, fungicides, and herbicides are all considered pesticides. Some of them (e.g., rotenone) are produced by plants to protect themselves. Others, called synthetic pesticides, are created by humans.








BOX C. WHAT IS A SOLVENT?


A solvent is a liquid that is used to dissolve another substance. Water is an example of a harmless one. It can dissolve many things—sugar, salt, and instant coffee, to name a few. Other common household solvents include nail polish remover and paint thinner. Industrial solvents are used in cosmetics to dissolve pigments, in dry cleaning to remove spots, and by the automotive industry to remove grease.





Pesticides, of course, are not the only industrial product whose use has increased. Solvents, which are used to dissolve other substances (Box C), arrived in the latter half of the nineteenth century from the coal and tar industry.25 Since then, these chemicals have evolved countless applications in consumer and industrial products, including in cosmetics, cleaning solutions, paints, pharmaceutical products, and automobile production.26 By one estimate, 8% of the working population regularly uses solvents.27 Almost all of us are exposed to them at home in the skin products that we use, the cleaning agents in our cabinets, the paints in our garages, and even the pills that we take.


Trichloroethylene, which is linked to Parkinson’s disease, is one of the most common industrial solvents. Its production is on the rise globally, especially in China.28


Researchers have also found that air pollution increases the risk of Parkinson’s.29 Very small inhaled toxic particles can bypass the brain’s normal protective mechanisms, injuring it directly. And air pollution has increased exponentially worldwide in step with global industrialization. The toxic smog in China’s rapidly industrializing cities is comparable to the London fogs of the early Industrial Revolution.


Not surprisingly, the rates of Parkinson’s have been increasing the most in industrializing countries. Over the last twenty-five years the prevalence rates for Parkinson’s, adjusted for age, increased by 22% for the world, by 30% for India, and by 116% for China.30


The burden of Parkinson’s falls more often on men, who are more likely to work in occupations that expose them to industrial products linked to the disease. In the United States, for example, men make up 75% of farmers, 80% of metal and plastic laborers, 90% of chemical workers, 91% of painters, 96% of welders, and 97% of pest control workers.31 Men also have a 40% greater risk of developing Parkinson’s than women.32


THE AGE FACTOR


One of the greatest human accomplishments of the twentieth century was the doubling of life expectancy.33 In 1900, the average life span globally was just thirty-one years; by 2000, it was sixty-six.34 The result is that the number of people over age sixty-five is increasing (Figure 2).


But as we age, the likelihood that many of us will develop Parkinson’s increases.35 Aging itself, though, is not likely the cause of the disease. Rather, living longer allows time for nerve cell loss to occur and, therefore, for Parkinson’s to develop.37
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FIGURE 2. World population sixty-five and older, 1990–2040.36








The environmental and genetic factors that contribute to Parkinson’s require time for the damage to become apparent. The actual onset of the disease likely begins twenty or more years before symptoms like tremors appear.38 During this period the disease may be spreading from the gut and nose to lower and then higher areas of the brain. As it stealthily takes hold and time passes, more nerve cells die. It’s only when about 60% of nerve cells are gone that the typical features of Parkinson’s finally show up.


And so, as the population of older people increases, so too will the number of individuals who experience Parkinson’s disease. In fact, a person’s risk rises sharply with age. Beginning in a person’s forties, the risk of Parkinson’s roughly triples with each passing decade.39 In 2019 alone, 60,000 individuals, or over 1,000 Americans per week, were diagnosed with Parkinson’s.


And we will keep living longer and longer. Recent headlines have highlighted small declines in life expectancy in the United States due to suicides and the opioid epidemic, but the long-term trend remains on an upward trajectory.40 By 2030, there will be a 10% higher risk of a forty-five-year-old individual eventually developing Parkinson’s disease than there is today.41 With increasing longevity, more of us will face Parkinson’s.


THE SMOKING PARADOX


Smoking’s link to lung cancer provides a model for understanding the connection between environmental risk factors and Parkinson’s disease. Like Parkinson’s, lung cancer was once very rare.42 Before the introduction of cigarettes, lung cancer was so uncommon that, according to Robert Proctor, a historian at Stanford University, “doctors took special notice when confronted with a case, thinking it a once-in-a-lifetime oddity.”43 With the industrial production and mass marketing of cigarettes in the late 1800s, however, lung cancer rates soon swelled.44


At the end of World War II, Britain had soaring rates of lung cancer, and no one knew why. Some speculated that dust from tarred roads might be the cause; others blamed poison gas from World War I.45 To answer the question, Drs. Richard Doll, a physician and epidemiologist, and Bradford Hill, a statistician, conducted a simple study in 1951. They surveyed nearly 60,000 British physicians. They asked participants for their names, ages, and addresses. They also asked the doctors about their smoking history. The researchers then recorded the number and causes of deaths that subsequently developed in this group of physicians. They found a steadily rising mortality from lung cancer as the amount of smoking increased.46 Further studies supported these results, leading to the conclusion that smoking caused lung cancer.47


With lung cancer, as with Parkinson’s, the environmental risk has to occur over many years. Individuals who smoke for only brief periods (years and not decades) have a much lower risk of lung cancer.48 In both diseases a lag is present between exposure and the development of disease.


In addition, the risk of lung cancer drops after people stop smoking.49 This is the kind of opportunity that we should seek out in the case of Parkinson’s—reducing our future exposure to the environmental risks linked to the disease.


Smoking has a counterintuitive connection to Parkinson’s too. It actually decreases the risk of getting the disease—by an astonishing 40%, according to numerous studies.50 The reason that smoking may lower the risk has yet to be determined. Some studies suggest that nicotine may protect nerve cells; others indicate that smoking may increase the breakdown of environmental toxins.51


Smoking might also confer its protective benefit by way of the nose or the gut.52 It may block or otherwise interfere with the entry of the external factors that cause Parkinson’s. Fumes from smoking are, of course, inhaled, and this changes the covering of the nasal passages and the local immune response.53


Smoking also changes the gut. The gut microbiome—the community of bacteria that live in our intestines—is remarkable. Over 100 trillion bacteria, far more than the number of human cells in the body, call us their home.54


Recent research has demonstrated that smoking and Parkinson’s may affect the gut microbiome.55 For example, smoking increases the population of certain bacteria that may boost the barrier function of the gut.56 This barrier, the lining of our intestines, is the major interface between the environment—what we ingest—and ourselves. Its ability to keep out harmful substances is key.


So smokers’ elevated levels of bacteria may help barrier function, thus potentially protecting them from toxins that up Parkinson’s risk. Or perhaps their robust numbers of certain kinds of bacteria are keeping other kinds of harmful bacteria in check—bacteria that could be a factor in the development of Parkinson’s. In a 2016 study, gut bacteria were shown to contribute to the development of the disease.57 When genetically altered mice received antibiotics to kill off the bacteria in their guts, the pathology of Parkinson’s was reduced.




OEBPS/images/Art_P29.jpg





OEBPS/images/Art_P25.jpg
I

When proteins are created, they are
stacked, or folded, like a fresh pile of linen.
This is their normal state.

I

Environmental factors and genetic mutations
can cause proteins to misfold.

When alpha-synuclein misfolds, the
protein becomes toxic to nerve cells and can
cause Parkinson’s disease.

"

In Parkinson'’s disease, the misfolded protein
forms clumps called Lewy bodies. These
are the signature of the disease.






OEBPS/images/publisher-logo.png
PUBILICAFFAIRS





OEBPS/images/Art_sborn.jpg





OEBPS/images/Art_P2.jpg
10 million

6.3

5 million million

2.6

million

1990 2015

12.9

million

2040





OEBPS/nav.xhtml




Contents





		Cover



		Title Page



		Copyright



		Dedication



		Note to Readers



		Glossary



		Abbreviations



		Introduction



		PART ONE: A FORMIDABLE DISEASE



		1. Six Men in London The Discovery of a New Disease and Its Causes



		2. A Man-Made Pandemic How Chemicals Have Fueled the Onslaught



		3. Vanquishing Indifference Lessons from the Fights Against Polio, HIV/AIDS, and Breast Cancer









		PART TWO: THE PACT—PREVENTING, ADVOCATING, CARING, AND TREATING



		4. Before It Starts The Urgency of Banning Specific Pesticides to Lower Our Risk



		5. Cleaning Up How Solvents and Contaminated Groundwater Spread the Disease



		6. Protecting Ourselves The Role of Head Trauma, Exercise, and Diet



		7. Taking Care Helping Those Who Bear the Parkinson’s Burden



		8. Hope on the Horizon The Promise of New Treatments



		9. Taking Charge The Policies and Research Funding We Need









		PART THREE: A PRESCRIPTION FOR ACTION



		10. Within Our Reach How We Can End Parkinson’s









		A Prescription for Action



		Resources



		Disclosures



		Acknowledgments



		Discover More



		About the Authors



		Praise for "Ending Parkinson’s Disease"



		Notes











Navigation





		Begin Reading



		Table of Contents











OEBPS/images/Art_P4.jpg
DEATHS

5000

4000

3000

2000

1000

~

PARKINSON'S
DISEASE

MULTIPLE

S o

1860

1910

1960

2010





OEBPS/images/Art_P17.jpg
Substantia nigra

Normal Parkinson’s disease





OEBPS/images/Art_P14.jpg
2000

USA
The Michae! J. Fox

for K son s
1969 Research is founded

o
Global

R i
of levodopa, a precursor
o doparmin, in Parkinson's
disease

[ @)
ParkinsonNet
2004

Netherlands
ParkinsonNet, an expert

care network for Parkinson's
disease is created

1912 [e]
1817 Germany 0
England Fritz Lewy discovers
Dr. James Parkinson clumps of misfolded protein H
- 4 rain regions affected by i 1983
seminal essay on the Pernsons discese 1950 H
“Shaking Palsy” i USA
) Sweden Dr. William Langston
Q Dopamine is identified as describ lan
E neurotransmitter and later symptoms dug to a heroin
H found to be deficient in contaminant
1800 i 1900 people with Parkinson's H
° i
1997 ©
Bssar o Italy, Sweden, 2017
1872 1957 Global
SHARING PALSY. Mutation in alpha-synuclein i Global Burden of Disease
— France USA ene identified in families <] study identifies Parkinson's
N with Parkinson’s disease disease as the fastest
Dr. Jean-Martin Charcot National Parkinson . X 2003 ‘growing neurological
details the condltmn and Foundation and Parkinson's H disorder
isease Foundati Gelmany

"Psrklnson s dlseﬂse

1886

England
Sir Williams Gowers.
ces a two-volume
“bible of neurology” that
scribes Parkinson's
disease

Parkinson's
Foundation \\-1ion Detong and

clctrde

o)
1987
France
Professor Alim Benabid

Dr. Heiko Braak proposes
staging of Parkinson’s

hat

H predicts spread of disease in
the brain






OEBPS/images/Art_P37.jpg
300 million

1990

600 million

2015

1.3 billion

2040





OEBPS/images/Art_P12.jpg
A LONDON FOG,~DRAWN BY DUNCAN,





OEBPS/images/Art_P34.jpg





OEBPS/images/9781541724495.jpg
P

A PRESCRIPTION
for ACTION

ENDING

PARKINSON'S

DISEASE

Ray Dorsey, mp - Todd Sherer, php
Michael S. Okun, mp

Bastiaan R. Bloem, MD, PhD

‘v





OEBPS/images/Art_tit.jpg
ENDING
PARKINSON'S

DISEASE

A PRESCRIPTION
for ACTION

Ray Dorsey, MD + Todd Sherer, PuD
Michael S. Okun, MD + Bastiaan R. Bloem, MD, PuD

o

PUBLICAFFAIRS
New York





